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by 

Dan W. Waddill 

Committee Chairman: David R. Chalmers 

Crop and Soil Environmental Sciences 

(ABSTRACT) 

Grass clippings may be recycled onto nearby areas of turf as an alternative to 

disposal of clippings in landfills. In May, 1991, two field studies were initiated to evaluate 

grass clippings as a nitrogen (N) source for tall fescue (Festuca arundinacea, Schreb. 

Rebel’) turf, and to determine the maximum feasible loading rate of clippings onto tall 

fescue turf. Test plots in both studies received additional clippings from adjacent donor 

plots. In the first study, grass clippings alone were applied to 2.2 m? test plots at rates 

of 1 "plot equivalent harvest" (PEH), 2 PEH, and 4 PEH; where PEH is the amount of 

clippings harvested from 2.2 m? of donor plots. In the second study, test plots had 

clippings removed (Rem), clippings returned (Ret), Ret+1 PEH, and Ret+3 PEH. These 

four clipping treatments were arranged in a factorial combination with three fertilizer-N 

rates: low (73 kg N ha” yr’), medium (147 kg N ha™ yr‘), and high (220 kg N ha™ yr‘). 

Donor plots received identical fertilizer-N applications as test plots. For both studies, N 

uptake generally showed a linear response to total N applied. Clipping-N produced 

roughly the same amount of growth and N uptake as the fertilizer-N, even as the rate of 

N uptake varied with time. In both studies, soil nitrate levels remained low until excessive 

clippings smothered the turf and caused a reduction in N uptake. Soil nitrate



concentration tended to decrease with depth for all plots. Soil total Kjeldahl nitrogen 

(TKN) levels did not differ among treatments, suggesting that clipping-N was not being 

stored in the soil. At the end of both growing seasons, thatch accumulation was less than 

12mm in all plots. In general, increased additions of clippings resulted in improved color, 

density, and growth. However, at the very high rates of added clippings, excess biomass 

caused turf thinning, chlorosis, and low growth. Thus, if grass clippings are applied at 

rates that are low enough to prevent these problems, they can be an effective N source 

for tall fescue. Furthermore, in order to dispose of the maximum amount of clippings, tall 

fescue should not be fertilized.
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CHAPTER | 

INTRODUCTION 

Removal of clippings from turfgrass continues to be a common practice in spite 

of research showing that clipping removal may reduce turf quality (Beard, 1976; Haley et 

al., 1985; Knoop, 1989; Murray and Juska, 1977; Soper et al., 1988; Starr and DeRoo, 

1981; Volk and Horn, 1970). Once removed, clippings are usually bagged and dumped 

into landfills, a routine that not only wastes landfill space but also deprives the turf of 

nutrients. 

1.1 Problems with removing grass clippings 

The EPA estimates that yardwaste accounts for 18% of the refuse that we dump 

into landfills (Franklin Associates, 1988), and the figure rises as high as 50% during the 

growing season (Perry, 1990). Typical yardwaste is composed of approximately 25% tree 

leaves and limbs, and 75% grass clippings (Wilkinson, 1989). In recent years, dumping 

of grass clippings has become a problem because landfills are running out of space. One 

third of all municipal landfills are expected to reach capacity in the next 5 to 7 years, and 

new sites are difficult and expensive to establish. Eleven states have passed laws that by 

1993 will ban yardwaste from their landfills (Perry, 1990); thus the turfgrass industry is 

calling for a reevaluation of management strategies in light of these laws (Shank, 1990). 

The removal of clippings has other drawbacks in addition to clogging landfills. 

First, bagging and hauling clippings makes extra work, not only for the mower operator,
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but also for the city employees who haul clippings to the dump. Nationwide, the bagging 

and dumping of grass clippings takes a tremendous amount of time and labor, 

considering that in the U.S., there are 3 million acres of golf and sports turf, plus millions 

of acres of home and industrial lawns (Shank, 1990). Second, if clippings are not taken 

to the landfill, they may be dumped in a pile on site, where the clippings quickly 

decompose, emit foul odors, and may leach nitrate to groundwater (Witteveen, 1989; Bahe 

et al., 1992). Finally, removal of clippings depletes mineral nutrients and organic matter 

from the turf system, and fertilizer must be added to compensate for these losses. 

Because of the shortage of landfill space and the nutrient value of grass clippings, 

it makes sense to return clippings during mowing. Organized programs are underway to 

convince homeowners that clipping removal is unnecessary. These include the "Don’t Bag 

It" program (Knoop, 1989) and the "Grasscycling: Today’s Turf, Tomorrow’s Earth" 

program sponsored by the Professional Lawn Care Association of America. The Don’t 

Bag It campaign is based on research in which mulching mowers were provided to 184 

homeowners who had previously bagged clippings. After returning clippings for one 

season with the mulching mowers, the participants rated their lawns 30% better than the 

year before (Knoop, 1989). This was not a controlled experiment, but it did indicate 

potential benefit from recycled clippings. 

1.2 Reasons to remove clippings 

These programs have been successful in certain locations, but people still remove 

clippings for a variety of reasons. First, turf managers and home owners may bag 

clippings because they believe that clippings will reduce turf quality. Side discharge 

mowers tend to blow clippings into a pattern so that some areas get no clippings while 

others areas are covered heavily. These areas get more than just clippings returned, and 

it may appear that the extra clippings are smothering the turf. Second, some people
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believe that clippings enhance disease, and research has not settled this issue (Schumann 

and Wilkinson, 1992). Third, many people believe that clippings will accumulate and form 

a detrimental thatch layer. Thatch forms when turf roots, stems, and leaves are sloughed 

faster than they can decompose; however, the idea that grass clippings form a major part 

of thatch has been refuted in the literature (Beard, 1976; Haley et al., 1985). 

Golf course superintendents have the added concern that clippings will interfere 

with play on greens and fairways. For golf courses, the increased popularity of lightweight 

mowing on fairways has magnified the amount of clippings that are collected. Fourth, 

according to a survey by a local lawncare company, people often remove clippings to 

prevent them from being tracked into the home or pool. 

Finally, the most significant reason that people remove clippings may be attitude. 

Clipping removal may be the accepted practice in the neighborhood. Also, clippings 

quickly turn brown, and when they stay on top of the turf canopy, people think they ruin 

the appearance of the turf. Mower manufacturers claim that mulching mowers solve this 

problem since they chop clippings into small pieces that disappear when they hit the turf. 

However, mulching mowers are often ineffective if the turf is tall or wet because clippings 

clump together before they drop out of the mower deck. Haley et al. (1985) found that 

conventional rotary mowers usually produced higher quality turf than a mulching mower 

because the conventional mower threw clippings that did not stick together. 

1.3 Clipping disposal alternatives 

In spite of the laws that are closing landfills to yardwaste, people will continue to 

remove clippings in some cases, and these clippings will need to go somewhere. Some 

people simply stockpile them on their own land, but this is not an attractive alternative due 

to the problems of odor and nitrate leaching. Researchers have looked at other 

alternatives. Grass clippings may be pelletized and fed to poultry (Cockerham, 1972) or 

horses and rabbits (Beard and King, 1971). In Lancaster County, Pennsylvania, excess
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grass clippings have been used to fertilize agricultural crops (Brubaker, 1991). Farmers 

needed only a front-end loader and a manure spreader to apply the clippings, which led 

to greater crop yields unless soil nutrient levels were already high. 

Composting grass clippings is an alternative to disposal into landfills, but problems 

must be overcome (Dean and Wollenweber, 1989). First, clippings emit foul odors as they 

decompose. Second, homeowners generally put clippings into plastic bags, and 

debagging at the composting site is too time consuming to be feasible. Third, a special 

pickup for clippings is required in order to separate the clippings from other garbage. In 

spite of these problems, some municipalities have successfully composted grass clippings 

(Cantor, 1989; Dean and Wollenweber, 1989; Wilkinson, 1989). Usually, grass clippings 

are mixed with tree leaves, and the high nitrogen content of the clippings can speed the 

decomposition process. 

Another possibility is that excess grass clippings may be applied to turfgrass sites 

where clipping removal is not a priority. This is already done on some golf courses, where 

clippings are removed from greens and fairways, loaded into modified manure spreaders, 

and broadcast onto the roughs. For home lawns, clippings could be removed from 

priority areas and spread onto lower visibility areas. In these cases, excess clippings may 

be viewed as a type of organic fertlizer. 

1.4 Nitrogen cycling within the turf system 

Nitrogen may be added to a turfgrass system through rainfall, irrigation, or N, 

fixation, but generally the most significant addition of N comes from fertilizer. 

Environmental problems may occur when this fertilizer-N is lost from the turfgrass system. 

Losses of N from turf have never been fully quantified, but turf managers and agronomists 

take them for granted. Without yearly N additions, turfgrass will decline in quality, and it 

is an accepted practice for 100 to 250 kg N ha‘ to be added to cool season turfgrass 

every year, even when clippings are returned during mowing. Even though the plant-soil
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system may use or store this N very well at certain times of the year, excess N will 

inevitably be lost over the long term as environmental conditions become conducive to 

various loss pathways. 

When nitrogen is applied to turfgrass, it is destined in the short term for plant 

uptake, soil storage, runoff, leaching, or gaseous loss (Petrovic, 1990). Nitrogen in runoff 

poliutes surface waters, and in leachate it pollutes groundwater; therefore, leaching and 

runoff are recognized as environmental hazards. Fortunately, losses due to runoff from 

high quality turf are virtually nonexistent (Gross et al, 1990). Gaseous losses from 

turfgrass may occur due to denitrification or ammonia volatilization. Part of the nitrogen 

that is added to turf may be stored in the soil or in a thatch layer. According to Petrovic 

(1990), an area of newly established turfgrass may undergo an increase in soil organic 

matter for up to ten years. This occurs because the soil is not disturbed and because the 

grass itself adds organic matter to the soil. Eventually, a new equilibrium is reached, and 

the amount of soil organic matter remains relatively constant. Therefore, Petrovic (1990) 

asserts that older sites should receive less fertilizer in order to reduce the risk of NO, 

leaching. 

Petrovic (1990) states that the goal of environmentally responsible N management 

in turf is to "...optimize the amount of N uptake by the plant." Nitrogen inside the plant is 

protected from leaching, runoff, and gaseous losses (Viets, 1965). For turfgrass, however, 

this protection lasts only a short time until the next mowing. When clippings are returned, 

organic-N in clippings will undergo mineralization and nitrification, and the inorganic-N 

products are again subject to runoff, leaching, and gaseous losses. Thus in a short term 

experiment, plant uptake may appear to prevent losses of N, but actually it can only delay 

N loss if the turf is being maintained at an N level that is above natural equilibrium. 

While rapid uptake of fertilizer-N does not solve the problem of N losses in turf, 

maximum plant uptake does benefit the turf system. Immediately following fertilizer 

application, plant uptake competes with N losses and converts fertilizer-N to plant-N. 

When mowing occurs, clipping-N becomes a supplemental nitrogen source. Thus, ahigh
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amount of plant uptake may convert fertilizer-N to a form that is more stable and therefore 

less hazardous to the environment. The fate of N from fertilizers has been studied 

extensively in turfgrass; however, fate of N supplied to turfgrass in added clippings has 

not been fully determined. 

Plant uptake of N can be calculated as dry matter yield times N concentration of 

the dry matter. Due to the difficulty of evaluating roots and verdure, turfgrass researchers 

generally examine only the clippings in order to measure N uptake. When N uptake in an 

untreated control is subtracted from N uptake in fertilized plots, then the measurement is 

called "N recovery." If the control value is not subtracted, then the term "N uptake" should 

be used (Skogley and Sawyer, 1992). However, not all researchers have disinguished 

between recovery and uptake in reporting their results. N uptake (or recovery) efficiency 

refers to the ratio of N taken up (or recovered) to the amount of N applied. Efficiency is 

generally reported as a percentage of applied N. 

Petrovic (1990) states that N uptake by grasses depends on temperature and 

moisture, rate and source of N, species differences, and grass use. Mosdell and Schmidt 

(1985) found that cooler temperatures in a growth chamber led to increased N recovery 

in Kentucky bluegrass. In fact, at the higher day/night temperatures of 30°C /24°C, N 

recovery fell to zero from pots fertilized with 74 kg N ha‘ NH,NO, or isobutylidene diurea 

(IBDU). Hummell and Waddington (1984) found that for two of the three sulfur coated 

urea (SCV) fertilizers they tested, spring application led to higher N uptake by Kentucky 

bluegrass than fall application. 

N uptake efficiency of grasses varies with rate of N applied. When nitrogen levels 

are below optimum for plant growth, N uptake efficiency may increase with heavier 

applications of fertilizer-N. Near optimum levels, there exists an intermediate range where 

an increasing N rate does not change uptake efficiency; however, above this range, 

efficiency falls as N rate increases (Petrovic, 1990). Wesely et al. (1980) found that N 

recovery efficiency rose from 49 to 60% as they raised fertilizer-N rate from 56 kg N ha" 

to 112 kg Nha’. Further increases in fertilizer-N to 168 kg N ha’ and 224 kg N ha" did
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not affect N recovery efficiency, which remained at 59% for each rate. Hummell and 

Waddington (1984) also found no difference in uptake efficiency of SCU or NH,NO, when 

applied at yearly rates of 147 or 245 kg N ha‘. They found that N uptake efficiency 

remained at 54% for SCU and 59% for NH,NO,. At higher than optimum rates, N uptake 

efficiency inevitably declines as fertilizer-N rate increases (Barraclough et al., 1985; Halevy, 

1987; Hallock et al., 1965). For Barraclough (1985), this decline occurred with perennial 

ryegrass (Lolium perenne, L.) between yearly rates of 250 and 500 kg NH,NO,-N ha‘; for 

Halevy (1987) it occurred with perennial ryegrass between 746 and 1306 kg urea-N ha™; 

and for Hallock (1965) it occurred with tall fescue (Festuca arundinacea, Shreb.) between 

225 and 449 kg NH,NO,-N ha”. 

Fertilizer source has a pronounced effect on grass uptake of N, with the soluble, 

readily available nitrogen fertilizers such as urea, ammonium nitrate, and ammonium 

sulfate generally providing the highest uptake. However, slow release fertilizers such as 

SCU and IBDU may be just as efficient as the solubles if they release most of their N 

during a single year (Petrovic, 1990). Hummel and Waddington (1981) found that N 

uptake efficiencies in Kentucky bluegrass ranged between 47 and 51% for a fine granule 

size IBDU, five different SCU materials, and ammonium sulfate. For N sources that do not 

release most of their N within one year, the N uptake efficiency may be very low (Petrovic, 

1990). Using Kentucky bluegrass, Mosdell et al. (1987) found N recovery efficiencies of 

10.9% from ammeline and 4.5% from melamine. When soluble urea was added to the 

melamine, N recovery efficiency increased to 11%. Hummell and Waddington (1981) 

found N recovery efficiencies in Kentucky bluegrass of 22% for ureaformaldehyde (UF) 

and 29% for activated sewage sludge (Milorganite). Using fertilizer that contained half UF 

and half soluble N, Starr and DeRoo (1981) measured an average N uptake efficiency of 

45% where clippings were removed from Kentucky bluegrass. When they switched to a 

completely soluble N source, N uptake efficiency rose to 61%. 

For turfgrass, losses of N due to leaching are usually much less than 10% of 

applied N, but range up to 53% in sand-based soil mixes (Petrovic, 1990). Researchers
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have reported that leaching rates are lower from slow release N sources than water 

soluble sources (Bredakis and Steckel, 1963; Rieke and Ellis, 1974; Nelson et al., 1980). 

In a study comparing various N sources, Brown et al. (1982) found that leaching losses 

of NO, varied in the following order: NH,NO, > Milorganite > IBDU > Ureaformaldehyde. 

Mosdell and Schmidt (1985) found that more NO, leached from NH,NO, than from IBDU 

under warm temperatures, but the amount of leaching was similar under cool 

temperatures. Nelson et al. (1980) reported that more NO, leached through thatch and 

through soil if urea was the N source rather than IBDU. If grass clippings provide a slow 

release of nitrogen, then they may have a low potential for nitrate leaching. 

In general, higher annual rates of applied nitrogen increase the amount of N 

leached from turf (Rieke and Ellis, 1974; Brown et al., 1977; Morton et al. 1988) 

Furthermore, the timing of N application may also affect leaching of NO; Gross et al. 

(1990) found that NO, leaching was highest during the winter months, presumably 

because the turf was not actively growing during the winter. Mosdell and Schmidt (1985) 

reported that the total mass of lost NO, was four times greater under a cool (16/4 °C) 

regime than a warm (30/24 °C) regime. Brown et al. (1977) showed that mass losses and 

concentrations of NO, were greatest during the winter. They attributed this difference to 

the larger amount of water that leached during the winter. 

Gaseous losses from turfgrass occur primarily in two ways. First, NO,-N may 

undergo denitrification to nitrous oxide N,O and dinitrogen gas (N,). Second, ammonia 

(NH,) volatilization may occur during the breakdown of urea or other organic materials. 

Where urea is not applied, ammonia volatilization from grass stands is assumed to be a 

negligible effect (Bristow et al., 1987; Starr and DeRoo, 1981). However, no studies have 

been performed to measure the amount of ammonia that may be lost during the 

decomposition of grass clippings on turf. 

In general, the rate of denitrification depends on soil texture, temperature, and 

water content; available carbon and nitrate; and the existence of anaerobic conditions for 

the denitrifying bacteria. Following irrigation or rainfall, denitrification fluxes in the field can
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become very high for short periods of time (Rolston et al., 1982; Sextone et al., 1985). In 

soils where organic matter was limiting, the response of denitrifying bacteria to irrigation 

declined with time (Sextone et al., 1985); and reduced overall loss of N. This decline 

would be unlikely to occur in a turf system, where organic matter is usually high. 

Therefore, irrigated turf has the potential for continued high rates of denitrification. Rate 

of denitrification also increases when organic crop residues are incorporated into the soil 

(Rolston et al., 1982; Aulakh et al., 1984). Since soils under grass stands have been 

found to contain up to 3.21% organic carbon (Bristow et al., 1987), this high level of 

organic matter may lead to a high potential for denitrification. 

Mancino et al. (1988) directly measured denitrification from Kentucky bluegrass 

using sealed containers in a growth chamber. During a ten day period, they found that 

denitrification increased with soil saturation and temperature. Denitrification losses ranged 

from 46 to 94% when the soil was 100% saturated and temperature was 30°C; however, 

such conditions are unlikely to exist for ten days in the field. When the soil was 75% 

saturated, they found total denitification losses were less than 1%. 

Using Kentucky bluegrass, Starr and DeRoo (1981) estimated denitrification as the 

amount of *N that could not be accounted for at the end of the experiment. Where 

clippings were removed, 36% of the N was lost, and where clippings were returned, 24% 

was lost. These data suggest that the presence of clippings may have an influence on 

gaseous loss. However, at this time, no direct measurements have been made on 

gaseous losses of N from grass clippings. 

1.5 Grass clippings as fertilizer 

Grass clippings have potential advantages over more conventional fertilizers. First, 

if the clippings come from nearby sites, they can be a convenient, inexpensive source of 

nutrients. Second, clippings contain all of the major and minor nutrients essential for plant 

growth, and they are a source of organic matter, which may improve soil physical
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properties. Third, since much of the nitrogen (N) in clippings is not initially water soluble, 

clippings may act as a slow-release source of nitrogen. Compared to quick-release 

sources of N, clipping-N may produce more uniform growth throughout the year and may 

be less likely to leach nitrate (NO,) to groundwater. 

In order to reduce leaching of NO, from turfgrass, researchers have made the 

following recommendations: lowering annual N rates, applying reduced rates and more 

frequent fertilizer-N, using slow-release N sources, and applying N to only actively growing 

turf (Reike and Ellis, 1974; Brown et al., 1977). Grass clippings fit well into this scheme 

because they are applied at every mowing, and each individual application would be 

small. Also, they are only produced when the turf is actively growing, and they are not 

initially water soluble. 

Balanced against the advantages of using clippings as fertilizer are some 

significant disadvantages. First, clippings are bulky and wet, and therefore difficult to 

transport. Also they are basically impossible to store or to apply with conventional 

spreaders. However, clippings can be applied from manure spreaders, or thrown by hand 

onto small areas. Second, if added clippings do not break down quickly enough, they 

may clog the mower and smother the turf. The term "smother" is used to refer to 

chlorosis, reduced growth, and reduced density caused by the presence of large amounts 

of clippings on the turf surface. This smothering effect is certain to occur if too many 

clippings are applied, no matter how quickly they decompose. Third, grass clippings 

may release nitrogen and other nutrients too slowly to be of benefit, especially during early 

spring and late fall, when low temperatures delay microbial decomposition of the clippings. 

Thus the fertilizer effect of the clippings may go unnoticed. Turfgrass researchers have 

examined clipping return vs. clipping removal, but the effect of added clippings on 

turfgrass has not been studied. As a result, the balance between the fertilizer effect and 

the smothering effect of clippings is unknown.
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1.6 Objectives 

The overall goal of this project was to evaluate the effect of added grass clippings 

on tall fescue turf. Tall fescue was chosen because it does not normally form a dense or 

thatchy turf. The study of the fertilizer effect of the clippings was limited to an examination 

of nitrogen cycling in the turf system. Specific goals were as follows: 

1) To evaluate the potential of grass clippings to act as the sole N source for 

tall fescue turf. 

2) To examine the balance between the nitrogen effect and the smothering 

effect of grass clippings grown under low, medium, and high N regimes. 

3) To determine the maximum amount of off-site clippings that can be added 

to tall fescue turf without causing a reduction in turf quality.
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CHAPTER I 

RECYCLING TALL FESCUE CLIPPINGS AS THE SOLE N SOURCE FOR TURF 

2.1 Abstract 

Grass clippings contain all of the major and minor nutrients essential for plant 

growth; however, the response of turf systems to additional clippings is unknown. As an 

alternative to disposal in landfills, excess grass clippings may be applied to nearby areas 

of turf. In May, 1991, we began a two year field study to evaluate grass clippings as a 

nitrogen source for tall fescue (Festuca arundinacea, Schreb. ‘Rebel’) turf. Grass clippings 

with an average N concentration of 36.7 g N kg" were applied to test plots throughout the 

growing season at approximate annual rates of 200, 400, and 800 kg N ha”. Test plots 

were visibly greener after three weeks of clipping additions. For all sampling dates in 

1991, clipping yield and N uptake increased linearly in reponse to added clippings. In 

general, increased additions of clippings resulted in improved color, density, and growth. 

However, at the highest rate of added clippings, excess biomass caused turf thinning, 

chlorosis, and low growth, especially during the spring and fall. For 1992, average 

weekly N recovery efficiency (WNRE) from clippings was 24, 44, and 24% from the 200, 

400, and 800 kg N ha" treatments, respectively. Treatments did not affect soil total 

Kjeldahl nitrogen (TKN), but soil nitrate levels rose to 32.1 mg NO, kg" dry soil in Oct., 

1992, under test plots receiving the highest rate of added clippings. Thatch depth 

increased with increasing amounts of added clippings but never exceeded 12 mm in any 

test plots. Thus, if grass clippings are applied at rates that are small enough to prevent 

buildup of excess biomass, they can be an effective N source for tall fescue. 

15
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2.2 Introduction 

Grass clippings contain all of the major and minor nutrients essential for plant 

growth. As a result, they may be viewed as a type of organic fertilizer, and may play an 

important role in producing a low-input, sustainable turf with reduced potential for nitrate 

leaching into groundwater. Removal of clippings deprives the turf of significant amounts 

of nutrients. Using creeping bentgrass (Agrostis palustris, Huds.), Noer (1959) found that 

235 kg N ha™, 34 kg P ha’, and 127 kg K ha’ were removed in clippings during an entire 

growing season. In asimilar study with Kentucky bluegrass (Poa pratensis, L.), Rieke and 

Beard (1974) found that 279 kg N ha’, 29 kg P ha’, and 166 kg K ha™ were removed 

annually in clippings. 

2.2.1 N cycling as influenced by clippings 

Research has shown that turfgrass can utilize nutrients from clippings to maintain 

quality. Throughout an 8 year study, Beard (1976) found that when clippings were 

returned, only 75% as much N was needed to maintain color and density as when 

clippings were removed. Starr and DeRoo (1981) used *N as a tracer to follow the fate 

of fertilizer-N and clipping-N, and found that Kentucky bluegrass absorbed N in equal 

amounts from soil, fertilizer, and clippings. Furthermore, the return of clippings increased 

the yield of grass by one-third. 

Factors that influence N availability from organic materials include quantity and N 

concentration of the material added, soil environment, and the method of adding the 

material (Bartholomew, 1965). Because clippings are added to the top of the turf system, 

they must filter down to the soil surface, where moisture is more favorable for 

decomposition. Nevertheless, clippings seem to release available nitrogen quite rapidly. 

Based on visual ratings, Beard (1976) found that Kentucky bluegrass showed an N 

response to returned clippings within 14 days. 

The hypothesis that clippings should break down rapidly is supported by general
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theories on nitrogen cycling in plant-soil systems. Based on N concentration, tall fescue 

(Festuca arundinacea, Shreb.) residues that contain more than 18 g N kg*™ will mineralize 

readily (Wilkinson and Mays, 1979). Depending on the species, nitrogen comprises 20 

to 60 g kg” of the dry matter of turfgrass clippings (Butler and Hodges, 1967}. This 

amount should provide microbes with enough nitrogen so that net mineralization of 

organic N would occur throughout clipping decomposition. 

In studies involving N uptake by turfgrass, clippings have almost always been 

removed. Petrovic (1990) reviewed nine articles on N uptake by turfgrass, and clippings 

were removed in all but one of the studies. Starr and DeRoo (1981) did return clippings 

and found that this practice increased total N uptake by an average of 45% over plots 

where clippings were removed. They did not calculate uptake efficiency of clipping-N. 

When grass clippings were applied to agricultural fields in Lancaster County, Pa., workers 

estimated that 30% of the clipping-N was available during the first year (Brubaker, 1991). 

Grass clippings have not been studied as a fertilizer source for tall fescue turf. 

However, organic fertilizers such as sewage sludge have been studied as fertilizer sources 

for tall fescue forages. Using pots in the greenhouse, Tester et al. (1982) found that tall 

fescue had an N uptake efficiency of 8% from composted sewage sludge. In a later field 

study with tall fescue, the N uptake efficiency was 7% from composted sewage sludge 

(Tester, 1989). The low availability of N from the sewage sludge compost was attributed 

to the low total N concentration of the compost (11.2 g N kg’’), which led to a low rate of 

N mineralization. In studying tall fescue, Kiemnec et al. (1987) used a sewage sludge that 

contained 26 g N kg’, and obtained an N recovery efficiency of 27%. 

Researches have reported that nitrate leaching rates are lower from slow release 

N sources that water soluble sources (Bredakis and Steckel, 1963; Rieke and Ellis, 1974; 

Nelson et al., 1980). In a study comparing various N sources, Brown et al. (1982) found 

that leaching losses of NO, varied in the following order: NH,NO, > Milorganite > IBDU 

> Ureaformaldehyde. If grass clippings provide a slow release of nitrogen, then they may 

have a low potential for nitrate leaching.
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Few turfgrass researchers have measured the amount of fertilizer-N that may be 

incorporated into soil organic matter. Using “N as a tracer, Starr and DeRoo (1981) found 

that soil storage accounted for 14% of fertilizer-N when clippings were removed, vs. 21% 

when clippings were returned. Watson (1987) obtained similar results growing perennial 

ryegrass (Lolium perenne, L.) as forage. In addition to soil storage, Starr and DeRoo 

(1981) found that the amount of fertilizer-N stored in the thatch layer was 21% when 

clippings were removed vs. 26% when clippings were returned. 

2.2.2 Role of grass clippings in thatch development 

Ledeboer and Skogley (1967) examined thin sections of velvet bentgrass (Agrostis 

canina, L.) and found remnants of clippings in only the upper layer of the thatch. Below 

1.6 cm, none of the soft leaf tissue was visible, while nodes of stolons and sclerified 

support tissues remained as the major component of thatch. The lignin content of the 

thatch layer was almost double that of the living turf, again suggesting that the clippings, 

which are high in soluble carbohydrates and low in lignin, had already decomposed. 

Murray and Juska (1977) found that clippings did contribute to thatch accumulation in 

Kentucky bluegrass, but only during the last three years of their nine year experiment. 

After the ninth year, clippings return led to a 13% increase in thatch weight vs. clippings 

removed. They suggested that clippings broke down easily during the first five years 

because thatch depth was less than a critical level of 1.25cm. During later years, greater 

thatch depths held clippings further from the soil, where microbial activity is greatest. 

In warm season grasses, clippings have contributed slightly to thatch 

accumulation. When clippings were returned to bermudagrass during a six month study, 

Meinhold et al. (1973) found that thatch thickness developed to 9.6 mm, a 0.5 mm 

increase over plots where clippings were removed; however, no differences were 

measured in the weight of either thatch layer. In zoysiagrass, Soper et al. (1988) 

measured an uncompressed thatch thickness of 29 mm where clippings were removed 

vs. 30 mm where clippings were returned. They could not determine whether this 3.4%
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increase was due to the physical presence of undecomposed clippings or to the overall 

stimulation of turf growth as clipping-N recycled. 

Tall fescue turf generally produces little thatch because it lacks stolons and 

rhizomes, which are high in lignins and slow to decompose. Nevertheless, the turf-type 

tall fescues have a greater tendency to produce thatch than forage types, and among the 

turf-types, more vigorous varieties tend to produce more thatch than slower growing 

varieties (Shearman et al., 1986). 

The goal of this study was to evaluate the potential of grass clippings to act as the 

sole N source for tall fescue turf. Thus we pursued the following specific objectives: 

1. To measure the availability of clipping-N to tall fescue turf, and to determine 

how this availability varies during the growing season. 

2. To assess the potential for clipping-N to be stored in soil or to be converted 

to soil nitrate. 

3. To determine the amount of off-site clippings that can be added to tall fescue 

without harming turf density, color, or growth. 

4. To measure the contribution of added, off-site grass clippings to thatch 

accumulation in tall fescue turf.
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2.3 Materials and Methods 

This field experiment began in April, 1991, and ran until December, 1992, at the 

Turfgrass Research Center in Blacksburg, Va. We initiated treatments on mature tall 

fescue (Festuca arundinacea, Schreb. ‘Rebel’) turf that was growing on a Frederick silt 

loam (clayey, mixed, mesic Typic Paleudult) with a pH of 6.7. Test plots measuring 1.2 

by 1.8 m were arranged in a randomized complete block design with four replications. 

Throughout each growing season, test plots received additions of tall fescue clippings 

harvested from a nearby donor plot. The varying amounts of clippings added to the test 

plots were determined by area, using the concept of a "plot equivalent harvest" (PEH). 

Since the test plots were 2.2 m?, one PEH equalled the amount of clippings removed while 

mowing 2.2 m? of the donor plot. The following rates were used: 0, 1 PEH, 2 PEH, and 

4 PEH. Each time additions were made, a 2 PEH sample was collected from the donor 

plot for laboratory analysis of dry weight and total Kjeldahl nitrogen (TKN). 

Prior to the clipping additions, test plots were mowed using a rotary mower (Honda 

TM, model no. HR215SXA) with a mulching kit, so that clippings were returned to all test 

plots. Because these plots had not been fertilized in several years, the amount of 

clippings returned to the 0 PEH plots was insignificant compared to the 1 PEH, 2 PEH, 

and 4 PEH additions. In order to minimize the effect of lateral movement of clippings and 

perhaps nitrate, 0.53 m alleys were maintained between test plots. Throughout 1991 and 

1992, donor clippings were added to the test plots 42 times. The mowing interval varied 

between four and 16 days, and was influenced by growth rate and season. 

The donor plot was fertilized with ammonium nitrate at a yearly rate of 220 kg N 

ha‘, split into five applications throughout the growing season. Clippings were harvested 

from the donor plot using the rotary mower with a bagging attachment and a cutting 

height of 6 cm. The area of the donor plot, 315 m?, was large enough so that clippings 

were removed from the same area once out of every five harvests, thus minimizing N 

depletion due to clipping removal. After each harvest, the remaining 4/5 of the donor plot
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was mowed with the same mower; however, a mulching kit was inserted so that clippings 

were returned. 

Irrigation was applied to maintain growth in all plots. Rainfall and irrigation data 

for all plots are shown in Fig. 1. Due to increased rainfall, plots received much more water 

in 1992 than in 1991. In 1992 irrigation was necessary only during a one week period in 

July and a two week period in August. 

Test plots were evaluated each month for visual color and visual density on a scale 

of 1 to 9, with 9 indicating darkest green or highest density. A color or density rating less 

than 5 was considered unacceptable for high quality turf. In assigning a color rating, only 

the color of the living turf was assessed, and the presence of dead clippings was ignored. 

Response to the added clippings was determined each month by measuring dry 

weight yields and calculating N recovery. A reel mower (Jacobsen, model Park 30) was 

used to collect samples without collecting old, dead clippings. When necessary to avoid 

contamination, old clippings were raked from the plots prior to sampling, and afterwards 

raked back on. With one pass of the mower, clippings were collected from 1.25 m? of 

each plot. The reel mower was set on the same cutting height (6 cm) as the rotary 

mower. A comparison of the two mowers showed that the reel mower removed 21.79 g 

clippings m®, while the rotary mower removed 21.17 g clippings m*. Statistical analysis 

showed no significant difference between these values (p = 0.67). We inferred that the 

mowers also removed identical amounts of N because the correlation coefficients relating 

clipping weight to clipping N concentration were always greater than 0.9999. Clippings 

taken away during monthly sampling were not reapplied, and this small loss was factored 

into all calculations. Sampling for dry matter yield began Aug. 6, 1991. 

All clipping samples from the donor plot and the test plots were forced-air dried 

at 60°C, weighed, and analyzed for total Kjeldahl N (TKN) using a QuikChem Automated 

lon Analyzer system. The procedure used was QuikChem Method No. 13-107-06-2-B 

(Lachat Instruments, Milwaukee, WI), modified to produce a higher digestion temperature 

of 410°C. Four standard plant tissue samples (SRM 1547, National Institute of Standards
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and Technology) of known N concentration were digested with each run of the digestion 

block. All samples were digested and analyzed in duplicate. 

Weekly nitrogen recovery efficiency (WNRE) from the added clippings was 

calculated on a weekly basis as follows: 

WNRE, = ( NU; - NU, ) / (.N,- NS; ) 

where WNRE is the weekly N recovery efficiency of treatment i (i = 1 PEH, 2 PEH, 4 PEH); 

NU; is the amount of N taken up per week by treatment i (kg N hat wk"); NU, is the 

amount of N taken up per week by the untreated control (kg N ha wk”); N; is the amount 

of clipping-N added per week (kg N ha™ wk’); and NS; is the amount of N removed in the 

sampling process (kg N ha™ wk’). 

For NU; and NU,, N uptake was based on the growth of the test plots since the 

previous mowing (we could not calculate a cumulative N uptake because the test plots 

were only sampled once out of every three or four mowings). Thus, to calculate N uptake 

per week, the amount of N uptake since the previous mowing was divided by the number 

of weeks since the previous mowing. However, calculation of applied N was based on 

the cumulative amount of clipping-N that had been added since the beginning of the 

experiment in May, 1991. Thus, to calculate N added per week, the cumulative amount 

of applied N was divided by the total number of weeks since the beginning of the 

experiment. The reasoning behind using the cumulative amount of clipping-N added was 

that clipping-N could continue to contribute to growth for an unknown amount of time, 

perhaps many months. This method of calculating N recovery is unorthodox, but it did 

enable us to examine the fluctuations in N recovery efficiency throughout the growing 

season. 

Thatch accumulation was measured at the end of each growing season. In 1991, 

one core (20 cm?) was removed from each plot and uncompressed thatch thickness was 

recorded. In 1992, two cores were taken and the the average of the measurements was
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recorded. 

Soil samples were collected from all four replications of selected plots in July and 

October, 1992. Initially, the 0, 2 PEH, and 4 PEH plots were sampled at depths of 0 to 15, 

15 to 30, and 30 to 45 cm. For the final sampling, in an effort to get a better 

measurement of soil nitrogen near the surface, the 0 to 15 cm core was split into 0 to 7.5 

cm and 7.5 to 15 cm cores. For each sample, three cores (3 cm? in cross-sectional area) 

were combined, placed immediately on dry ice, and kept frozen until laboratory analysis 

was performed. In the laboratory, soil samples were extracted with 2 M KCI according to 

procedures described by Keeney and Nelson (1982). Following the recommendation of 

Scharf and Alley (1988), the soil extracts were centrifuged in order to remove particles. 

A cadmium column was used to reduce nitrate to nitrite in the extract. Subsequently, 

nitrite concentration was measured colorimetrically with a QuikChem Automated lon 

Analyzer, using QuikChem Method No. 12-107-04-1-B (Lachat Instruments, Milwaukee, 

WI). All samples were extracted and analyzed in duplicate. 

Soil samples were air-dried and sifted through a 10 mesh screen in order to 

separate the coarse and fine fractions. The fine fraction was further ground to pass an 

80 mesh screen. Subsequently, the fine fraction was analyzed for TKN using the same 

modified QuikChem Method 13-107-06-2-B that was used for plant tissue analysis, except 

plant tissue standards were not included in the digestion. 

Statistical analysis of variance was performed on all data except color and density, 

which were based on subjective visual ratings. For the nitrogen uptake and thatch data, 

multiple regression was performed using data for the individual test plots in the analysis. 

For the WNRE and soil nitrate data, standard deviations were calculated and shown as 

error bars in the figures.
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2.4 Results and Discussion 

The actual amount of clipping-N applied to test plots is summarized in Table 1. 

Depending on the PEH treatment, the amount of clipping-N taken away during monthly 

sampling was 3 to 13% of the clipping-N applied. This loss of N was accounted for in all 

subsequent calculations, but it does represent a departure from the original treatment 

plan. In retrospect, we probably should have reapplied the sampled clippings after 

testing. Table 2 shows the dry weight of clippings applied to the test plots. 

The donor plot growth rate (Fig. 2) roughly followed the normal pattern for cool 

season grasses, with high growth during spring and fall. The local variations in the growth 

curve may be explained by the fact that we sampled only 1/5 of each donor plot at a time. 

Thus samples came from five different locations, and some of these locations consistently 

produced more clippings than the others. 

Average N concentration of the donor plot clippings was 37.9 g N kg"! in 1991 and 

35.4 g N kg" in 1992, values which fall in the middle of reported ranges for turfgrass N 

concentration (Butler and Hodges, 1967). The actual N concentration for each round of 

additions is shown in Fig. 3A. Since tall fescue residues that contain more than 18g N 

kg should mineralize readily (Wilkinson and Mays, 1979), net mineralization of nitrogen 

probably occurred throughout clipping decomposition. The actual amount of clipping-N 

applied to test plots (Fig. 3B) varied with donor plot growth, and with the time between 

mowings, which varied from 4 to 16 days. 

Within three weeks of the first additions of clippings, we saw greenup in the test 

plots. This result agrees with Beard (1976), who observed a visual nitrogen response to 

clipping return 14 days after treatments began. 

2.4.1 Effect of clipping rate on turfgrass quality and growth 

Throughout the study, increased N availability with higher clipping donations was 

offset by the smothering effect of the clippings. In this paper, the term "smothering" is
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used to refer to chlorosis, reduced growth, and reduced density caused by the presence 

of large amounts of clippings on top of, and intermingled throughout the turf canopy. 

Potential causes of smothering include lack of sunlight, lack of air, and NH, toxity; 

however, in this study, we did not attempt to isolate these causes. At the 1 PEH and 2 

PEH rates, the fertilizer effect dominated and led to improved color, density, growth. At 

the 4 PEH rate, the smothering effect often dominated and caused mowing difficulties, 

chlorosis, thinning, and low growth. Mowing difficulties occurred when growth was 

excessive or too many clippings remained from previous additions. 

The first recorded color ratings (Fig. 4A) were made four weeks after initiation of 

treatments. In general, greater additions of clippings led to darker green color, except 

during the spring and the fall of each year. At these times, growth in the donor plot was 

greatest, and the 4 PEH test plots were smothered to the extent that the turf became 

chlorotic. During the fall of 1992, even the 2 PEH plots became chlorotic. Density (Fig. 

4B) of the test plots generally paralleled color, except the 2 PEH plots never thinned, even 

when the color yellowed. In addition, during the fall of 1992, density of the 4 PEH plots 

diminished greatly as clippings completely killed large areas of the plots. 

For all treatments, dry matter yield was greater during the second year than the 

first. This effect may be explained in part by the weather, which was much cooler and 

wetter in 1992 than 1991; therefore, better growing conditions for tall fescue existed in 

1992. Plots were irrigated during the periods of drought in 1991 (Fig. 1), but irrigation is 

| never as uniform as natural rainfall, nor does it provide cloud cover. In addition to the 

effect of the weather, carry-over of residual clipping-N from 1991 to 1992 could have 

contributed to the higher yields in 1992. 

Dry matter yield in the 4 PEH plots fell below that of the 2PEH plots during June, 

1992, and September to October, 1992, another indication of smothering (Fig. 4C). The 

failure of yield to rebound in October, 1992, is probably due to the large amount of plot 

area that had been killed in the 4 PEH plots in September. As a result, the growing area 

of the 4 PEH plots was reduced, so that its yield remained less than the 2 PEH plots.
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2.4.2 Nitrogen cycling 

Weekly N uptake and weekly N recovery efficiency (WNRE) curves are grouped 

according to sampling times that correspond to the growth cycle of cool season grasses. 

Thus Fig. 5A,B show nitrogen uptake during the summer and fall seasons for 1991, and 

Fig. 5C shows N uptake during the late fall of 1991 and early spring of 1992. Nitrogen 

uptake curves for spring, summer, and fall of 1992 are shown in Fig. 5D-F. 

Throughout 1991, nitrogen uptake showed a linear response to clipping-N, 

indicating that N was limiting turf growth. For the early spring of 1992 (Fig 5C), N uptake 

showed a quadratic response to clipping-N, such that that greater additions of clippings 

caused disproportionately higher N uptake. This higher N uptake in the 4 PEH plots was 

largely due to high clipping yield in these plots relative to the others (Fig. 4C), and not to 

an increase in clipping N concentration. 

The smothering effect had not yet developed when the plots were first sampled in 

April, 1992. However, by May, large amounts of residual clippings remained on top of the 

4 PEH plots at all times. These clippings smothered the 4 PEH plots for the remainder 

of 1992; thus the 4 PEH plots were excluded from the regression analysis. In September 

(Fig 5F), N uptake in the 0, 1, and 2 PEH plots showed a linear response to clipping-N. 

For all other sampling dates in 1992 (Fig 5D-E), N uptake in these plots showed a 

quadratic response to clipping-N. Thus, excluding the 4 PEH plots, N uptake showed a 

non-linear response to clipping-N for six of the seven sampling times in 1992, with greater 

additions of clippings leading to disproportionately higher growth and N uptake. This 

suggests that the effect of the added clippings is greater than simply an increase in 

available N. In addition to N, clippings provide essential nutrients and organic matter to 

the turf system. 

In general, greater N uptake was derived not only from greater yield of clippings, 

but also higher nitrogen concentration in the clippings. A high correlation existed between 

test plot clipping yield and N concentration, except when the 4 PEH additions smothered 

the turf. At these times, the 4 PEH plots were excluded from the correlation analyses. The
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resulting correlation coefficients were greater than 0.85 for all sampling times. 

Weekly nitrogen recovery efficiency (WNRE) is presented in Fig. 6. In general, 

WNRE varied with sampling time and amount of clipping-N added. During the late fall of 

1991 and early spring of 1992 (Fig. 6C), low growth in the test plots limited WNRE, which 

increased linearly with added clipping-N. In contrast, during June (Fig. 6D), Sept., and 

Oct., 1992 (Fig. 6F), overall growth was high and led to high values of WNRE in the 1 PEH 

and 2 PEH piots. At these times, the smothering effect limited N uptake in the 4 PEH 

plots, so that WNRE in these plots fell below the 1 PEH plots. At all other sampling 

periods, WNRE increased from 1 PEH to 2 PEH, and then leveled off or dropped slightly 

in the 4 PEH plots. 

Thus, during any one sampling period when there was no smothering, the 1 PEH 

plots were least efficient in recovering nitrogen, probably because they were not growing 

well enough to use nitrogen efficiently. Other researchers have also found that low fertility 

can lead to low N recovery efficiency. Wesely et al. (1980) showed that N recovery 

efficiency in Kentucky bluegrass rose from 49 to 60% as they raised fertilizer-N rate from 

56 kg N ha™ to 112 kg N ha™. At higher fertility, Hummell and Waddington (1984) and 

Wesely et al. (1980) reported an intermediate range in which increasing amounts of added 

N have no effect on recovery efficiency. In the absence of smothering, the 2 PEH and 4 

PEH plots appeared to fall into this intermediate range. During times when the plots were 

smothered, the WNRE in the 4 PEH plots was extremely low. Research has shown that 

N recovery efficiency will drop off at higher than optimum N rates (Barraclough et al., 

1985; Halevy, 1987; Hallock et al., 1965); however, it is possible that the low WNRE in the 

4 PEH plots was not due to excess nitrogen, but to the smothering effect of the clippings. 

Throughout the study, WNRE varied with overall turf growth. Thus WNRE for all 

plots was highest in the late spring and early fall, slightly lower during each summer, and 

very low during the early spring and late fall. In 1991, the average WNRE was 0.08, 0.18, 

and 0.19 g N recovered g" N applied for the 1 PEH, 2 PEH, and 4 PEH plots, respectively. 

In 1992, these values rose to 0.24, 0.44, and 0.24. The 1991 average value is based on
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data collected during the last half of the year, and for both years, only about one third of 

the growth was sampled. These average WNRE values compare favorably with results 

reported by Brubaker (1991), who estimated that 30% of clipping-N from a variety of lawn 

grasses became available during a growing season. Obviously, much of the added 

clipping-N was not recovered in the plant parts that were sampled during mowing. 

2.4.3 Soil Nitrogen 

Figure 7 shows soil nitrate data for the 0, 2 PEH, and 4 PEH treatments. For the 

July, 1992, sampling date (Fig. 7A), all nitrate values were quite low. Based on overlap 

in the error bars, there was no significant difference between the 0 PEH and 2 PEH plots. 

For each treatment, mean nitrate concentration decreased with depth. 

For the October, 1992, sampling date (Fig. 7B), nitrate levels under the 4 PEH plots 

rose to high levels. However, the mean nitrate values in the 0 and 2 PEH plots were 

generally lower in October than they were in July, although the difference is not significant. 

This result suggests that the nitrate increase under the 4 PEH plots is not due to seasonal 

variation but to the smothering that occurred in the 4 PEH plots between July and 

October. Figure 8A shows that nitrate levels rose only slightly with increasing clipping-N 

as long as N uptake was increasing. However, when N uptake fell due to smothering (Fig. 

8B), nitrate levels rose sharply. The 2 PEH plot, which received clipping-N at an 

approximate rate of 400 kg N ha", showed low nitrate levels at both sampling dates, 

suggesting that large amounts of clipping-N can be added to turf without causing nitrate 

leaching. 

Soil total Kjeldahl nitrogen (TKN) levels did not differ among treatments for any 

depth at either sampling date. Average values across all treatments in July were 1.4 and 

0.7 g N kg" dry soil for the 0 to 15 and 15 to 30 cm depths, respectively. In October, the 

averages were 1.6, 1.3, and 0.7 g N kg" dry soil for the 0 to 7.5, 7.5 to 15, and 15 to 30 

cm depths, respectively. Because the soil-N pool is large compared to the amount of 

clipping-N added, the TKN method may not have been sensitive enough to measure
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changes in soil N. Nevertheless, the above result suggests that the clipping-N was not 

being stored in the soil in large amounts. Clipping-N that was not accounted for may 

have been lost to the atmosphere, or stored in the thatch layer and plant roots. 

2.4.4 Thatch Accumulation 

At the end of both growing seasons, thatch accumulation (Fig. 9) showed a 

quadratic response to clipping-N added, but for all treatments, thatch thickness was quite 

low (less than 12mm). This result agrees roughly with Ledeboer and Skogley (1967), who 

found remnants of clippings only in the upper 16 mm of the thatch layer in bentgrass. In 

the current study, amount of thatch increased between 0 and 2 PEH and then leveled off 

between 2 and 4 PEH. This result suggests that there may be a certain thickness that 

must be reached before thatch breakdown is most efficient. If so, this would contradict 

the hypothesis of Murray and Juska (1977), who suggested that clippings break down 

most easily when the thatch layer is less than 1.25 cm. In the current study, thatch depth 

was Slightly lower in 1992 than in 1991, indicating that the clippings were not causing a 

buildup over the long term.
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2.5 Conclusions 

Greater additions of clippings generally led to improved turf quality unless 

excessive biomass caused smothering. Excessive clipping applications reduced turf 

growth as reflected by chlorosis and reductions in density. Smothering was much worse 

in 1992 than 1991, as turf density increased, and added clippings could not fall through 

the canopy. Furthermore, periods of increased growth during the spring and the fall led 

to greater smothering. 

In general, greater N uptake was derived not only from greater yield of clippings, 

but also higher nitrogen concentration in the clippings. Nevertheless, much of the applied 

N was not recovered in the clippings of the test plots. In 1991, the average weekly 

nitrogen recovery efficiency (WNRE) was 0.08, 0.18, and 0.19g Nrecovered g N applied 

for the 1 PEH, 2 PEH, and 4 PEH plots, respectively; while in 1992, these values rose to 

0.24, 0.44, and 0.24. As long as smothering did not limit N uptake, soil nitrate levels 

remained low. The 2 PEH plot, which received clipping-N at an approximate rate of 400 

kg N ha" yr‘, showed low nitrate levels at both sampling dates, suggesting that large 

amounts of clipping-N can be added to turf without causing nitrate to build up in the soil. 

Soil total Kjeldahl nitrogen (TKN) levels did not differ among treatments for any depth at 

either sampling date, indicating that the clipping-N was not being stored in the soil in large 

amounts. We could not account for much of the applied nitrogen. Some of this "missing" 

nitrogen could have been stored in the thatch layer or in the tall fescue roots, and 

gaseous losses may have been significant. Certainly, conditions were often ideal for 

denitrification, as irrigation was applied in hot weather to turf growing in clayey soil with 

available organic matter. 

For all treatments, thatch thickness was quite low (less than 12 mm), and thatch 

depth was slightly lower in 1992 than in 1991. While clippings do seem to contribute to 

a thatch layer, the accumulation was minimal, even after two years of the 4 PEH treatment. 

This suggests that thatch buildup would not be a limiting factor in using grass clippings
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as a nitrogen source for tall fescue. 

This study showed that grass clippings can act as the sole fertilizer source for tall 

fescue turf. Plots that initially showed low growth, density, and color were transformed by 

the added clippings into high quality turf. For the 4 PEH rate of clipping additions, this 

transformation occurred within the first two months, but problems with too many clippings 

occurred after 5 months. For the 2 PEH plots, the transformation to quality turf took 

longer than for the 4 PEH plots, but problems did not occur until the second year. For 

the 1 PEH plots, the transformation took the entire first year, but the smothering problems 

never developed. Thus there seems to be no single ideal rate of grass clippings that 

could be applied year after year. Instead, the rate of application may need to be reduced 

as the density of the turf increases, and as high growth occurs in the spring and fall.
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CHAPTER Iil 

MANAGING TALL FESCUE CLIPPING LOADING WITH SUPPLEMENTAL 

FERTILIZER-N 

3.1 Abstract 

Tall fescue (Festuca arundinacea, Schreb.) turf may act as a disposal site for grass 

clippings; however, tall fescue response to added clippings is unknown. In May, 1991, 

a field study was initiated to determine the maximum loading rate of clippings onto tall 

fescue turf and to measure the N contribution of the clippings to the turf system. Test 

plots measuring 2.2 m? had clippings removed (Rem), clippings returned (Ret), Ret+1 plot 

equivalent harvest (PEH), and Ret+3PEH; where PEH is the amount of clippings harvested 

from 2.2 m? of adjacent donor plots. Clipping treatments were arranged in a factorial 

combination with three fertilizer-N rates: low (L), (73 kg N ha™ yr‘), medium (M), (147 kg 

N hat yr‘), and high (H), (220 kg N ha™ yr*). Donor plots received identical N 

applications as test plots, and the N concentration of the donor plot clippings never fell 

below 24.5 g N kg”. In general, N uptake by the turf showed a linear response to total 

N applied. Clipping-N produced basically the same response as the fertilizer-N, even as 

the rate of N uptake varied with time. Nitrate levels reached 79 mg N kg" dry soil when 

N uptake declined in the HRet+3 plots, but nitrate concentration tended to decrease with 

depth for all plots. The treatments did not affect soil total Kjeldahl! nitrogen (TKN) levels. 

Thatch accumulation increased with increasing amounts of applied clippings, but did not 

respond to fertilizer-N rate. In all plots, thatch depth was quite low (less than 11 mm). In 

general, increased additions of clippings resulted in improved color, density, and growth. 

However, in the MRet+3, the HRet+1, and the HRet+3 plots, excess biomass caused turf 

thinning, chlorosis, and low growth. Thus, in order to dispose of the maximum amount 

of clippings, tall fescue should not be fertilized. 

50
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3.2 Introduction 

Grass clippings may be applied to nearby areas of turf as an alternative to landfill 

disposal. The amount of clippings that can be discarded in this manner depends in part 

on their decomposition rate. In general, plant residues that contain a high concentration 

of nitrogen will decompose rapidly. Thus grass clippings that have received a high rate 

of fertilizer-N may decompose more rapidly than clippings that have received less fertilizer. 

3.2.1 N cycling as influenced by clippings 

Factors that influence N availability from organic materials include quantity and N 

concentration of the material added, soil environment, and the application method 

(Bartholomew, 1965). Research has shown that tall fescue residues that contain greater 

than 18 g N kg" will decompose readily (Wilkinson and Mays, 1979). Depending on the 

species, nitrogen comprises 20 to 60 g kg" of the dry matter of turfgrass clippings (Butler 

and Hodges, 1967). This amount should provide microbes enough N to digest the 

clippings, so that net mineralization would occur throughout decomposition. Because 

clippings are added to the top of the turf system, they must filter down to the soil surface, 

where moisture is more favorable for decomposition. Nevertheless, clippings seem to 

release available nitrogen quite rapidly. Based on visual ratings, Beard (1976) found that 

Kentucky bluegrass (Poa pratensis, L.) showed an N response to returned clippings within 

14 days. Furthermore, throughout an eight year study, Beard (1976) found that when 

clippings were returned, only 75% as much N was needed to maintain color and density 

as when clippings were removed. Starr and DeRoo (1981) used *N as a tracer to follow 

the fate of fertilizer-N and clipping-N, and found that Kentucky bluegrass absorbed N in 

equal amounts from soil, fertilizer, and clippings. Furthermore, the return of clippings 

increased the yield of grass by one-third. 

In studies involving N uptake by turfgrass, clippings have almost always been
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removed. Petrovic (1990) reviewed nine articles on N uptake by turfgrass, clippings were 

removed in all but one of the studies. Starr and DeRoo (1981) did return clippings and 

found that this practice increased total N uptake by an average of 45% over plots where 

clippings were removed. They did not calculate uptake efficiency of clipping-N. When 

grass clippings were applied to agricultural fields in Lancaster County, Pa., workers 

estimated that 30% of the clipping-N was available during the first year (Brubaker, 1991). 

3.2.2 Fate of fertilizer-N and clipping-N 

Fertilizer source has a pronounced effect on grass uptake of N, with the soluble, 

readily available nitrogen fertilizers such as urea, ammonium nitrate, and ammonium 

sulfate generally providing the highest uptake. However, slow release fertilizers such as 

SCU and IBDU may be just as efficient as the solubles if they release most of their N 

during a single year (Petrovic, 1990). Hummel and Waddington (1981) found that N 

uptake efficiencies in Kentucky bluegrass ranged between 47 and 51% for a fine granule 

size IBDU, five different SCU materials, and ammonium sulfate. For N sources that do not 

release most of their N within one year, the N uptake efficiency may be very low (Petrovic, 

1990). Using Kentucky bluegrass, Mosdell et al. (1987) found N recovery efficiencies of 

10.9% from ammeline and 4.5% from melamine. When soluble urea was added to the 

melamine, N recovery efficiency increased to 11%. Hummell and Waddington (1981) 

found N recovery efficiencies in Kentucky bluegrass of 22% for ureaformaldehyde (UF) 

and 29% for activated sewage sludge (Milorganite). Using fertilizer that contained half UF 

and half soluble N, Starr and DeRoo (1981) measured an average N uptake efficiency of 

45% where clippings were removed from Kentucky bluegrass. When they switched to a 

completely soluble N source, N uptake efficiency rose to 61%. 

Researchers have reported that nitrate leaching rates are lower from slow release 

N sources that water soluble sources (Bredakis and Steckel, 1963; Rieke and Ellis, 1974; 

Nelson et al., 1980). In a study comparing various N sources, Brown et al. (1982) found 

that leaching losses of NO, varied in the following order: NH,NO, > Milorganite > IBDU
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> Ureaformaldehyde. Mosdell and Schmidt (1985) found that more NO, leached from 

NH,NO, than from IBDU under warm temperatures, but the amount of leaching was similar 

under cool temperatures. Nelson et al. (1980) reported that more NO, leached through 

thatch and through soil if urea was the N source rather than IBDU. If grass clippings 

provide a slow release of nitrogen, then they may have a low potential for nitrate leaching. 

Increasing soil storage may mimic N loss as N is stored in a form that is not rapidly 

available to the plant. Furthermore, in a turfgrass system, nitrogen may be stored in an 

accumulating thatch layer. Using *N as a tracer, Starr and DeRoo (1981) found that soil 

storage accounted for 14% of fertilizer-N when clippings were removed, vs. 21% when 

clippings were returned. Watson (1987) obtained similar results growing perennial 

ryegrass as forage. In addition to soil storage, Starr and DeRoo (1981) found that the 

amount of fertilizer-N stored in the thatch layer was 21% when clippings were removed vs. 

26% when clippings were returned. 

3.2.3 Role of grass clippings and fertilizer-N in thatch development 

Ledeboer and Skogley (1967) examined thin sections of velvet bentgrass (Agrostis 

canina, L.) and found remnants of clippings in only the upper layer of the thatch. Below 

1.6 cm, none of the soft leaf tissue was visible, while nodes of stolons and sclerified 

support tissues remained as the major component of thatch. Murray and Juska (1977) 

found that clippings did contribute to thatch accumulation in Kentucky bluegrass, but only 

during the last three years of their nine year experiment. After the ninth year, clippings 

return led to a 13% increase in thatch weight vs. clippings removed. They suggested that 

clippings broke down easily during the first five years because thatch depth was less than 

a critical level of 1.25 cm. During later years, greater thatch depths held clippings further 

from the soil, where microbial breakdown is highest. 

Soper et al. (1988) found that stimulation of growth through the addition of 98 kg 

N ha‘ yr" of fertilizer-N did increase thatch accumulation by 15% over unfertilized plots. 

However, rate of N does not always affect thatch. During a five year study, Shearman et
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al. (1983) found that increasing N fertilization from 100 to 200 kg N ha'yr’* had no 

influence on thatch thickness in 60 Kentucky bluegrass cultivars. 

Source of fertilizer-N may influence thatch thickness. White and Dickens (1984) 

found that bermudagrass developed 14% more uncompressed thatch when fertilized with 

activated sewage sludge at 1020 kg N/ha/yr vs. ammonium nitrate at 580 kg N/ha/yr. 

Since the rate of sewage sludge was nearly double that of ammonium nitrate, either N 

source or N rate might have caused the thatch increase. When identical rates of 

activated sewage sludge (Milorganite) and ammonium sulfate were compared, thatch 

accumulation in bermudagrass was 12% less under the Milorganite treatments (Meinhold 

et al., 1973). This effect could have been due to a 3% increase in microbial activity with 

Milorganite vs. ammonium sulfate. 

Tall fescue turf generally produces little thatch because it lacks stolons and 

rhizomes, which are high in lignins and slow to decompose. Nevertheless, the turf-type 

tall fescues have a greater tendency to produce thatch than forage types, and among the 

turf-types, more vigorous varieties tend to produce more thatch than slower growing 

varieties (Shearman et al., 1986). 

The goal of this study was to evaluate the interaction between ammonium nitrate 

fertilizer and off-site grass clippings added to tall fescue turf. Thus we pursued the 

following specific objectives: 

1. To examine the effect of low, medium, and high fertilizer-N regimes on the 

decomposition of added grass clippings in tall fescue turf, and on the 

availability of clipping-N to the turf. 

2. To examine the effect of low, medium, and high fertilizer-N regimes on the 

potential for clipping-N to be stored in soil or to be converted to soil nitrate. 

3. To measure the contribution of added clippings to thatch accumulation in tall 

fescue turf grown under low, medium, and high fertilizer-N regimes.
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3.3 Materials and Methods 

This field experiment began in April, 1991, and ran until December, 1992, at the 

Turfgrass Research Center in Blacksburg, Va. We initiated treatments on mature tall 

fescue (Festuca arundinacea, Schreb. ‘Rebel’) turf that was growing on a Frederick silt 

loam (clayey, mixed, mesic Typic Paleudult) with a pH of 6.2. 

Throughout each growing season, test plots received additions of tall fescue 

clippings harvested from one of three nearby donor plots. The varying amounts of 

clippings added to the test plots were determined by area, using the concept of a "plot 

equivalent harvest" (PEH). Since the test plots were 2.2 m?, one PEH equalled the amount 

of clippings removed while mowing 2.2 m? of the donor plot. The experimental design 

consisted of a factorial combination of four clipping treatments and three fertilizer-N rates 

(Table 3). Clipping treatments were clippings removed (Rem), clippings returned (Ret), 

Ret+1 PEH, and Ret+3 PEH. Nitrogen as NH,NO, was applied to test plots and donor 

plots in five split applications at the following rates: low (L), (73 kg N ha™ yr“), medium 

(M), (147 kg N ha yr‘), and high (H), (220 kg N ha™ yr"). The Ret+1 and the Ret+3 

plots received added clippings from one of the three donor plots of tall fescue turf. Each 

test plot received added clippings from a donor plot of identical N management. A 

summary of clipping transfer from donor plots to tests plots is shown in Fig. 10. Because 

the clippings were added on an area basis, the actual amount of applied clippings varied 

with the fertilizer rate. Thus the LRet+3 plots received fewer clippings than the MRet+3 

or the HRet+3 plots because the growth rate of the low N donor plot was lower rate than 

that of the medium N or high N donor plots. 

Clippings were harvested from the donor plot using a rotary mower (Honda 7M, 

model no. HR215SXA) with a bagging attachment and a cutting height of 6 cm. The area 

of each donor plot was large enough so that clippings were removed from the same area 

once out of every five harvests. This practice minimized N depletion in the donor plots 

due to clipping removal. After each harvest, the remaining 4/5 of each donor plot was
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Fig. 10. Transfer of clippings from donor plots to test plots during each round of 
clipping additions.
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mowed with the same mower; however, a mulching kit was inserted so that clippings were 

returned. Each time additions were made, a 2 PEH sample was collected for laboratory 

analysis of dry weight and total Kjeldahl nitrogen (TKN). In order to minimize the effect 

of lateral movement of clippings and nitrate, 0.53 m alleys were maintained between test 

plots. Throughout 1991 and 1992, donor clippings were added to the test plots 42 times. 

The target interval varied between four and 16 days, and was influenced by growth rate 

and season. 

Irrigation was applied to maintain growth in all plots. Rainfall and irrigation data 

for all plots are shown in Fig. 11. Due to increased rainfall, plots received much more 

water in 1992 than in 1991. In 1992 irrigation was necessary only during a one week 

period in July and a two week period in August. 

Test plots were evaluated each month for visual color and visual density on a scale 

of 1 to 9, with 9 indicating darkest green or highest density. A color or density rating less 

than 5 was considered unacceptable for high quality turf. In assigning a color rating, only 

the color of the living turf was assessed, and the presence of dead clippings was ignored. 

Response to the added clippings was determined by measuring dry weight yields 

and calculating N uptake. A reel mower (Jacobsen, model Park 30) was used to collect 

samples without collecting old, dead clippings. When necessary to avoid contamination, 

old clippings were raked from the plots prior to sampling, and afterwards raked back on. 

With one pass of the mower, clippings were collected from 1.25 m? of each plot. The reel 

mower was set on the same cutting height (6 cm) as the rotary mower. A comparison of 

the two mowers (Table 4) showed that the reel mower and the rotary mower removed 

roughly same amount of clippings. We inferred that the mowers also removed identical 

amounts of N because the correlation coefficients relating clipping weight to clipping N 

concentration were always greater than 0.996. Clippings taken away during monthly 

sampling were not reapplied, and this small loss was factored into all calculations. 

Sampling for dry matter yield began 6 Aug., 1991. 

All clipping samples from the donor plot and the test plots were forced-air dried
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Table 4. Dry weight of clippings removed from donor 

plots using reel or rotary mower. 
  

  

  

Donor Plot 

Mower type Low N Med N High N 

—_—————— (g/sqm) 

Reel 8.35* 15.63 21.79 

Rotary 8.47 14.73 21.17 

  

*Reel and rotary mowers were not significantly different 

(p = 0.71, 0.27, and 0.67 for the low, medium, and 

high N regimes, respectively).
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at 60°C, weighed, and analyzed for total Kjeldahl N (TKN) using a QuikChem Automated 

lon Analyzer system. The procedure used was QuikChem Method No. 13-107-06-2-B 

(Lachat Instruments, Milwaukee, WI), modified to produce a higher digestion temperature 

of 410°C. Four standard plant tissue samples (SRM 1547, National Institute of Standards 

and Technology) of known N concentration were digested with each run of the digestion 

block. All samples were digested and analyzed in duplicate. 

The experiment did not include an untreated control plot, so we could not 

determine N recovery efficiency. Instead, weekly nitrogen uptake efficiency (WNUE) from 

the added fertilizer and clippings was calculated on a weekly basis as follows: 

where WNUE is the weekly N uptake efficiency of treatment i (i = Ret, Ret+1, Ret+3); NU; 

is the amount of N taken up per week by treatment i (kg N ha’ wk’); N, is the amount of 

fertilizer-N plus clipping-N added per week (kg N ha™ wk”); and NS, is the amount of N 

removed in the sampling process (kg N ha wk"). The Rem treatment was not included 

in these calculations because of an oversite in our method of sampling. Clippings were 

removed from the Rem plots during each mowing, but N concentration of the clippings 

was measured only during monthly sampling, so we could not determine NS, for the Rem 

plots. 

For NU;, N uptake was based on the growth of the test plots since the previous 

mowing (we could not calculate a cumulative N uptake because the test plots were only 

sampled once out of every three or four mowings). Thus, to calculate N uptake per week, 

the amount of N uptake since the previous mowing was divided by the number of weeks 

since the previous mowing. However, calculation of applied N was based on the 

cumulative amount of clipping-N that had been added since the beginning of the 

experiment in May, 1991. Thus, to calculate N added per week, the cumulative amount 

of applied N was divided by the total number of weeks since the beginning of the
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experiment. The reasoning behind using the cumulative amount of clipping-N added was 

that clipping-N could continue to contribute to growth for an unknown amount of time, 

perhaps many months. This method of calculating N recovery was unorthodox, but it did 

enable us to examine the fluctuations in N recovery efficiency throughout the growing 

season. 

Soil was sampled from four replications of selected plots in July and October, 

1992, to estimate the effect of the treatments on the range of soil N. On 14 July, soil 

cores were taken at depths of 0 to 15, 15 to 30, and 30 to 45 cm from the Rem, Ret+1, 

and Ret+3 plots fertilized at low and high N. On 27 Oct., soil was sampled from the Rem, 

Ret+1, and Ret+3 plots under the medium and high N regimes. The 0 to 15 cm core was 

split into 0 to 7.5 cm and 7.5 to 15 cm cores to get a better measure of soil nitrogen near 

the surface. 

For each sample, three cores (3 cm? in cross-sectional area) were combined, 

placed immediately on dry ice, and kept frozen until laboratory analysis was performed. 

In the laboratory, soil samples were extracted with 2 M KCI according to procedures 

described by Keeney and Nelson (1982). Following the recommendation of Scharf and 

Alley (1988), the soil extracts were centrifuged in order to remove particles. A cadmium 

column was used to reduce nitrate to nitrite in the extract. Subsequently, nitrite 

concentration was measured colorimetrically with a QuikChem Automated lon Analyzer, 

using QuikChem Method No. 12-107-04-1-B (Lachat Instruments, Milwaukee, WI). All 

samples were extracted and analyzed in duplicate. 

Soil samples were air-dried and sifted through a 10 mesh screen in order to 

separate the coarse and fine fractions. The fine fraction was further ground to pass an 

80 mesh screen. Subsequently, the fine fraction was analyzed for TKN using the same 

modified QuikChem Method 13-107-06-2-B that was used for plant tissue analysis, except 

plant tissue standards were not included in the digestion. 

Thatch accumulation was measured at the end of each growing season. In 1991, 

one core (20 cm?) was removed from each plot and uncompressed thatch thickness was
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recorded. In 1992, two cores were taken and the the average of the measurements was 

recorded. 

Statistical analysis of variance was performed on all data except color and density, 

which were based on subjective visual ratings. For the nitrogen uptake and WNUE data, 

multiple regression was performed using data for the individual test plots in the analysis. 

For the soil nitrate and thatch data, standard deviations were calculated and shown as 

error bars in the figures.
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3.4 Results and Discussion 

The actual amount of fertilizer-N and clipping-N applied to test plots is summarized 

in Table 3. As a percentage of total N applied, the amount of clipping-N taken away 

during monthly sampling ranged from 7 to 18% in 1991, and 11 to 33% in 1992. This loss 

of N was accounted for in all subsequent calculations, but it does represent a departure 

from the original treatment plan. In retrospect, we probably should have reapplied the 

sampled clippings after testing. Table 5 shows the weight of dry clippings applied to the 

test plots. 

The donor plot growth rate (Fig. 12) basically followed the normal pattern for cool 

season grasses, with high growth during spring and fall. In general, a higher rate of 

fertilizer-N led to a higher growth rate, although the Low N plots outgrew the Med N plots 

on three occasions. The local variations in the growth curves may be explained by the 

fact that we sampled only 1/5 of each donor plot at one time. Thus samples came from 

five different locations, and some of these locations consistently produced more clippings 

than the others. 

In the Rem plots, clippings were removed every week as part of the planned 

treatment. Unfortunately, we did not measure the N concentration of these clippings each 

week; instead, it was measured only during monthly sampling. In 1991, monthly sampling 

began in August, so for the first year, it was not reasonable to estimate the total amount 

of N that may have been removed in the clippings from the Rem plots. However, in 1992, 

we sampled throughout the growing season and used these seven samples to estimate 

the total amount of N that was removed during the 22 total mowings. These estimates are 

presented in Table 3; however, the Rem treatments were not included in subsequent 

statistical analyses where total N applied was used as a variable. 

In 1991, the average N concentration of the donor plot clippings was 30.5, 33.8, 

and 37.9 g N kg" for the low, medium, and high plots, respectively. In 1992, these values 

fell to 28.6, 31.4, and 35.4 g N kg”, but all values for both years fall within reported ranges
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for turfgrass N concentration (Butler and Hodges, 1967). The actual N concentration for 

each round of additions is shown in Fig. 13A, which shows that the N concentration of the 

donor plot clippings never fell below 24.5 g Nkg™. Since plant residues that contain more 

than 18 g N kg™ will mineralize rapidly (Wilkinson and Mays, 1979), net mineralization of 

nitrogen probably occurred throughout clipping decomposition. 

The actual amount of clipping-N applied to the Ret+3 test plots (Fig. 13A) varied 

with donor plot growth rate (Fig. 12) and with the amount of time between mowings, which 

ranged from four to 16 days. Rates of clipping-N applied for the Ret+1 treatment (not 

shown), were 1/3 of those for Ret+3 (Fig. 13B). 

3.4.1 Effect of clipping-N and fertilizer-N on turf quality and growth 

Throughout the study, increased N availability with higher clipping rates was offset 

by the smothering effect of the clippings. In this paper, the term "smothering" will be used 

to refer to chlorosis, reduced growth, and reduced density caused by the presence of 

large amounts of clippings on the surface of the turf. Potential causes of smothering 

include lack of sunlight, lack of air, and NH, toxity; however, in this study, we did not 

attempt to isolate these causes. Smothering occurred only at the very high clipping rates; 

otherwise, the fertilizer contribution of the clippings overcompensated for problems caused 

by excess biomass. Thus an increased clipping rate resulted in improved color, density, 

and growth in most of the plots. However, in the MRet+3, the HRet+1, and the HRet+3 

plots, the smothering effect often dominated and caused mowing difficulties, chlorosis, 

thinning, and low growth. Mowing difficulties occurred when growth was excessive or too 

many clippings remained from previous additions. 

The first recorded color ratings (Fig. 14A-16A) were made four weeks after initiation 

of treatments. In general, greater additions of clippings led to darker green color, except 

during the spring and the fall of each year. At these times, growth from the donor plot 

was greatest, and the HRet+3 test plots were smothered to the point that the living grass 

became chlorotic (Fig. 16A). During the fall of 1992, even the MRet+3 yellowed (Fig. 154A).
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In general, there was little difference in density among most of the test plots (Figs. 14B- 

16B), as even the low rate of fertilizer produced acceptable density. Exceptions occurred 

during the fall of 1991, when the HRet+3 plots were smothered to the point that they 

thinned dramatically (Fig. 16B). However, during the late fall and winter, these plots 

recovered, and were much denser than all other plots throughout the winter. With the 

onset of growth in the spring of 1992, these HRet+3 were quickly smothered again. They 

recovered slightly as growth slowed in the summer. Density dropped again in the fall and 

recovered during the winter. Thus density in the HRet+3 plots followed a cyclical pattern. 

Density increased during periods of low growth but decreased when high growth caused 

smothering. 

For all treatments, dry matter yield was greater during the second year than the 

first. This effect may be explained in part by the weather, which was much cooler and 

wetter in 1992 than 1991; therefore, better growing conditions for tall fescue existed in 

1992. Plots were irrigated (Fig. 11) during the periods of drought in 1991, but irrigation 

is never as uniform as natural rainfall, nor does it provide cloud cover. In addition to the 

effect of the weather, carry-over of residual clipping-N from 1991 to 1992 could have 

contributed to the higher yields in 1992. 

In the Low N plots, dry matter yield followed the normal growth curve for cool 

season grasses, and greater additions of clippings always led to higher yield (Fig. 14C). 

This pattern was continued in the Med N plots, except during June, 1992, when the 

MRet+3 plots showed less yield than in May. In contrast, all of the other Med N test plots 

showed an increase in yield from May to June (Fig. 15C). This effect is paralleled in the 

June color rating for the Med N plots (Fig. 15A), as the MRet+3 showed a drop in color. 

Furthermore, in September, growth did not increase in the MRet+3 plots as much as in 

the other Med N plots, and at this time, color dropped sharply (Fig 15A and 5C). Thus, 

during June and September, 1992, the MRet+3 plots were being smothered slightly, but 

not enough to affect density (Fig. 15B). In the High N plots, dry matter yield probably 

dropped due to smothering in October, 1991, but the smothering had a greater effect on
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Fig. 14. Comparison of visual color ratings (A), visual density ratings (B), 
and dry matter yield (C) for tall fescue turf under the low N regime.



71 

 
 

  
  

  
  

  
C 

 
   

 
 

 
 

350 

(6-1) 
Buney 

Aysueg 
(6-1) 

Buney 
sojog 

300 + 

150 4 

100 4 
50 - 

0 

(4m 
/ ey 

/ By) 
pial, 

Joyeywy 
Aig 

 
 

  

—ii 

Ret+1 Ret+3 Rem Ret     

Fig. 15. Comparison of visual color ratings (A), visual density ratings (B), 
and dry matter yield (C) for tall fescue turf under the Med N regime.



Dr
y 

Ma
tt
er
 

Yi
el

d 
Co

lo
r 

Ra
ti

ng
 

(1
-9
) 

De
ns
it
y 

Ra
ti
ng
 

(1
-9

) 

72 

  

  

  

  
  

  

       
  

  

      

Fig. 16. Comparison of visual color ratings (A), visual density ratings (B), 
and dry matter yield (C) for tall fescue turf under the High N regime.
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color and density (Fig 16A-16C). In contrast, during 1992, smothering had a negative 

effect on dry matter yield in the HRet+3 plots for most of the year. 

3.4.2 Nitrogen cycling 

Weekly N uptake and weekly N uptake efficiency (WNUE) curves are grouped 

according to sampling times that correspond to the growth cycle of cool season grasses. 

Thus Fig. 17A and B show nitrogen uptake during the summer and fall seasons for 1991, 

and Fig. 17C shows N uptake during the late fall of 1991 and early spring of 1992. 

Nitrogen uptake curves for spring, summer, and fall of 1992 are shown in Fig. 17D-F. 

Because we could only estimate the total amount of N applied to the Rem plots, this 

treatment was omitted from the regression analysis. In addition, during times when 

smothering limited N uptake in the HRet+3 plots, these points were omitted from the 

regression analysis of N uptake. 

In general, greater N uptake was derived not only from greater yield of clippings, 

but also higher nitrogen concentration in the clippings. Throughout the study, there was 

a positive correlation between test plot clipping yield and N concentration. The exception 

to this rule occurred during times when the HRet+3 plots were smothered, as the yield 

of clippings was low, but N concentration remained high. If the HRet+3 plots are 

excluded from the correlation analysis during the periods of smothering, then the resulting 

correlation coefficients were greater than 0.79 at all sampling times. 

Throughout the study, nitrogen uptake showed a linear response to total N 

applied, where total N included fertilizer-N plus clipping-N minus N removed in sampling. 

Inspection of Fig. 17 suggests that the clipping-N produced roughly the same response 

as the fertilizer-N, even as the rate of N uptake varied with time. Nitrogen uptake 

responses were highly correlated with total applied N, no matter what proportion of N was 

derived from the clippings or the fertilizer. This indicates that clipping-N was similarly 

available for turfgrass uptake as fertilizer-N. The Ret plots received only fertilizer-N, and 

the Ret+3 plots received a much higher ratio of clipping-N to fertilizer-N than the Ret+1
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plots (Table 3), but all of the plots did receive some fertilizer. Thus we do not know how 

the low, medium, and high N clippings would have behaved in the absence of NH,NO,. 

Furthermore, we began taking N uptake data in August, 1991, three months after the 

onset of treatments. Initially, the tall fescue might have responded more rapidly to the 

NH,NO, than the clippings, and only later did the N cycling reach the point that availability 

of clipping-N and fertilizer-N was identical. Nevertheless, the clippings were providing 

available N to the turf, and there seems to have been no difference in N uptake among 

the low, medium, and high clippings. Even though the clippings from the low N donor 

plot were lower in N concentration, they still seem to provide N as readily as the medium 

and high N clippings. This suggests that the N concentration of the low N clippings was 

still high enough to enable rapid decomposition. 

Weekly nitrogen uptake efficiency (WNUE) vs. total N applied is presented in Fig. 

18. In general, WNUE varied with sampling time and the total N applied. However, in 

August and November, 1991, and April, 1992, WNUE did not vary with total N applied, so 

these curves are not included in Fig. 18. The average WNUE across all treatments was 

0.41, 0.16, and 0.35 kg N taken up kg" N applied for the August, November, and April 

dates, respectively. For the November date, WNUE was measured at a time of cold 

weather and low growth, and N uptake was inefficient in all plots. For the August and 

April date, WNUE did tend to decrease with increasing total N applied, but this effect was 

not statistically significant. On all of the other dates, WNUE showed either a linear or 

quadratic decrease as total N applied increased (Fig. 18). During periods of high growth, 

the LRet+3 treatment showed WNUE above 1.0 kg N taken up kg" N applied. This 

indicates a greater availability of residual nitrogen. 

The WNUE values compare favorably with those in the literature, as research has 

shown that N uptake efficiency will drop off at higher than optimum N rates (Barraclough 

et al., 1985; Halevy, 1987; Hallock et al., 1973). The tall fescue appears to take up 

clipping-N and fertilizer-N with equal efficiency, as WNUE decreases in response to N 

amount but not in response to N source. This conclusion is based solely on visual
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inspection of the WNUE curves (Fig. 18), because the experiment was not designed to 

allow a more rigorous statistical comparison of NH,NO,-N and clipping-N. Smothering of 

the HRet+3 plots did not lead to a sharp break in the WNUE curves (Fig. 18) as it did in 

the N uptake curves (Fig. 17). Certainly, smothering must have reduced WNUE in the 

HRet+3 plots, but the eight other treatments had already established a downward trend, 

so the curve extends smoothly to the last treatment. This suggests that the increasing 

rate of applied N limited WNUE more than low growth of the smothered test plots. 

Seasonal differences in WNUE became apparent as the study progressed. From 

the beginning of the experiment until April, 1992, WNUE either showed a quadratic 

decrease or no response to total N applied. However, from May to October, 1992, WNUE 

revealed a linear decrease as total N increased. This suggests that plots in the middle 

range of applied N became more efficient in taking up nitrogen. This effect may be due 

to the increased growth in 1992 that enabled the turf to take up more N. In general, 

WNUE varied as growth rate changed throughout each season. Thus WNUE for all plots 

was highest in the late spring and early fall, slightly lower during each summer, and very 

low during the early spring and late fall. 

3.4.3 Soil Nitrogen 

Nitrate concentration tended to decrease with depth for ail plots (Fig. 19A-D), 

although there is overlap in most of the error bars. Figure 19A,B shows soil nitrate data 

for the 14 July, 1992, sampling date, when cores were taken at three depths from the 

Rem, Ret+1, and Ret+3 plots under the low and high N regimes. Error bars represent 

one standard deviation. For the low N regime (Fig 19A), all nitrate levels are quite low -- 

less than 1 mg NO, kg" dry soil. Furthermore, overlap of the error bars indicates that 

there was no difference among treatments at any depth. In the High N plots, the nitrate 

levels under the Ret+3 treatment are much higher than levels under the other treatments. 

This effect can be explained in part by Fig. 20A, which shows N uptake and soil nitrate 

levels vs. clipping-N applied. The Rem treatments have been excluded, leaving four nitrate
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and nine N uptake data points. At the highest rate of total N applied (the HRet+3 plot), 

N uptake declined due to smothering, and nitrate levels increased. 

Figure 19C,D shows soil nitrate data for the 27 October, 1992, sampling date, 

when cores were taken at four depths from the Rem, Ret+1, and Ret+3 plots under the 

medium and high N regimes. For the medium N regime (Fig 19C), average concentration 

of nitrate under the Rem and Ret+1 plots was less than five mg NO, kg" dry soil. High 

variability led to wide error bars with slight overlap, but in general, the MRet+3 plots 

trended toward higher N concentrations than the MRem or MRet+1 plots. In the high N 

plots (Fig 19D), nitrate concentrations were relatively low under the HRem and HRet+1 

treatments, but the HRet+3 showed concentrations as high as 80 mg NO, kg" dry soil. 

The mean nitrate values in the HRem treatments were not significantly greater in October 

than they were in July. This suggests that the increase in nitrate levels under the HRet+3 

plots is not due to seasonal variation but to the increased smothering that occurred in the 

HRet+3 plots between July and October. 

Figure 20B shows that nitrate levels rise dramatically when N uptake declines due 

to smothering. This effect is seen primarily in the HRet+3 treatment, which experienced 

reduced N uptake throughout most of 1992 (Fig. 17D-F). However, the MRet+3 treatment 

also shows a relatively high nitrate level (16 mg NO, kg" dry soil). This elevated level may 

be explained in part because the MRet+3 treatment experienced reduced N uptake in 

September, 1992 (Fig. 17F). Overall, Fig. 20 shows that when turfgrass is actively growing 

and taking up nitrogen, it is an effective scavenger of nitrate, even when large amounts 

of total N are applied. For example, the HRet+1 plots received an average of 374 kg N 

ha‘tyr’, yet nitrate levels never exceeded 10 mg NO, kg" dry soil. 

Soil total Kjeldahl nitrogen (TKN) levels did not differ among treatments for any 

depth at either sampling date. Average values across all treatments in July were 1.8 and 

1.0 g N kg" dry soil for the 0 to 15 and 15 to 30 cm depths, respectively. In October, the 

averages were 1.9, 1.5, and 0.9 g N kg" soil for the 0 to 7.5, 7.5 to 15, and 15 to 30 cm 

depths, respectively. Thus TKN did decrease with depth, but it did not appear to respond
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to the nitrogen treatments. Because the soil-N pool is large compared to the amount of 

clipping-N applied, the TKN method may not have been sensitive enough to measure 

changes in soil N. Nevertheless, the above result suggests that the clipping-N was not 

being stored in the soil in large amounts. Clipping-N that was not accounted for may 

have been lost to the atmosphere, or stored in the thatch layer and plant roots. 

3.4.4 Thatch Accumulation 

At the end of both growing seasons, thatch accumulation (Fig. 21) was quite low 

(less than 11 mm). This result agrees roughly with Ledeboer and Skogley (1967), who 

found remnants of clippings only in the upper 16 mm of the thatch layer in bentgrass. In 

the current study, the clipping treatments led to an increase in thatch thickness for all 

three N rates. In each case, the error bars for the Rem and the Ret+3 treatments do not 

overlap, but there was overlap in the error bars of all other treatment pairs. A comparison 

of Fig. 21A-C shows that N rate did not affect thatch depth. 

For the low N treatment, (Fig. 21A) thatch thickness tended to be less in 1992 than 

in 1991, although the error bars do overlap, indicating that there was probably no 

significant difference. For the medium N and the high N treatments (Fig. 21B,C), there 

was generally no buildup of thatch from 1991 to 1992, except the HRem plots showed a 

slight increase during that time. Overall, the data for the two years suggest that neither 

the fertilizer nor the clippings were causing a thatch buildup over the long term. 

Thatch thickness can be used as a rough indicator of the decompostion rate of the 

clippings. Fig 21 shows that as the fertilizer-N rate increased from low to medium to high, 

thatch thickness increased slightly, but overlap in the error bars indicates that this effect 

was probably not significant. Since the high N plots received a much greater amount of 

clippings than the medium or low N plots, the high N clippings probably decomposed at 

a faster rate in order to form the same thatch thickness as the medium and low N plots. 

If we had measured the weight of the thatch instead of its thickness, we could have 

obtained a better indication of the clipping decomposition rate.
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3.5 Conclusions 

Throughout the study, clipping-N produced roughly the same response as the 

fertilizer-N, even as the rate of N uptake varied with time. There seems to have been no 

difference in N uptake among the low, medium, and high N clippings. This suggests that 

the N concentration of the low N clippings was still high enough to enable rapid 

decomposition and mineralization of N to plant available forms. Thus there would be no 

reason to add more than the low rate of nitrogen (73 kg N ha" yr’) to tall fescue turf in 

an effort to speed decomposition of added clippings. Further evidence to support the 

limited use of nitrogen is the the fact that weekly N uptake efficiency (WNUE) declined as 

the total amount of applied N increased. 

While the fertilizer-N did not seem to aid in the breakdown of clippings, it did add 

to the smothering effect. From the beginning of the test, fertilizer-N contributed to rapid 

growth and thickening of the turf; thus added clippings could not fall through the canopy, 

and smothering occurred. Thus, in order to recycle the maximum amount of added 

clippings on tall fescue turf, the turf should receive little or no fertilizer. | 

Clipping-N did not appear to be stored in the soil, as soil total Kjeldahl nitrogen 

(TKN) levels did not differ among treatments for any depth at either sampling date. 

Furthermore, soil nitrate did not reach high levels unless N uptake declined due to 

smothering. In the HRet+1 plots, nitrate levels did not exceed 10 mg NO, kg” dry soil, 

even though total nitrogen was applied at a average yearly rate of 374 kg N ha’, which 

is much higher than the maximum recommended rate. Thus, if additions of off-site 

clippings are managed so that smothering is avoided, nitrate leaching can be mimimized. 

At the end of both growing seasons, thatch accumulation was quite low (less than 

11 mm). In general, the clipping treatments led to an increase in thatch thickness for all 

three fertilizer-N rates, but fertilizer-N rate did not affect thatch depth. Overall, the data for 

the two years suggest that neither the fertilizer nor the clippings were causing a thatch 

buildup.
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This study demonstrated that irrigated tall fescue turf can act as a disposal site for 

grass clippings. Returned clippings led to improved turf quality for all three fertilizer-N 

rates. In addition, both the low N and medium N plots were able to handle one plot 

equivalent harvest (PEH) for two years with no adverse effects on turf quality, thatch 

thickness, or soil nitrate levels. Furthermore, the low N plots handled 3 PEH for two years; 

however, their density increased to the point that difficulties may have arisen in later years. 

In order to maximize the amount of clippings that can be recycled on tall fescue turf, 

fertilizer-N should be kept to a minimum.
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CHAPTER IV 

SUMMARY AND CONCLUSIONS 

The influence of added clippings on nitrogen cycling in tall fescue (Festuca 

arundinacea, Shreb.) turf was examined in two field studies. In the first experiment, four 

different rates of clippings were applied to test plots. In the second experiment, varying 

rates of clippings and ammonium nitrate fertilizer were applied to test plots in a factorial 

combination. We examined the effect of clippings and fertilizer on turf color, density, 

growth, N uptake, and thatch accumulation. Furthermore, soil nitrate and total Kjeldahl 

nitrogen (TKN) levels were measured. 

In both studies, the turf responded rapidly to the added clippings, which produced 

darker green turf within three weeks. In general, N uptake showed a linear or quadratic 

increase as clipping-N was applied. However, increasing amounts of clippings led to a 

linear or quadratic decrease in N uptake efficiency. In the second study, clipping-N 

produced roughly the same response as the fertilizer-N. Moreover, there seems to have 

been no difference in N uptake among the low, medium, and high N clippings. This 

suggests that the N content of the low N clippings was still high enough to enable rapid 

decomposition and mineralization of N to plant available forms. Thus there would be no 

reason to add more than the low rate of nitrogen (73 kg N ha™ yr“) to tall fescue turf in 

an effort to speed decomposition of added clippings. 

While the fertilizer-N did not seem to aid in the breakdown of clippings, it did add 

to the smothering effect. The term "smothering" is used to refer to chlorosis, reduced 

growth, and reduced density caused by the presence of large amounts of clippings on 

the turf surface. From the beginning, fertilizer-N contributed to rapid growth and 

thickening of the turf; thus added clippings could not fall through the canopy and 
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smothering occurred. When the turf had a low density, it could handle large amounts of 

clippings from off-site. Thus, in order to recycle the maximum amount of added clippings 

on tall fescue turf, the turf either should receive no fertilizer or be fertilized at low rates. 

In both studies, clipping-N did not appear to be stored in the soil, as soil total 

Kjeldahl nitrogen (TKN) levels did not differ among treatments for any depth at either 

sampling date. Furthermore, soil nitrate did not exceed 10 mg NO, kg” dry soil unless 

N uptake declined due to smothering. Smothering occurred only in test plots that 

received high rates of total nitrogen. For plots that received up to 260 kg N ha" yr", 

nitrate levels never exceeded four mg NO*kg™. Thus, if additions of off-site clippings are 

managed so that smothering is avoided, it appears that nitrate leaching can be kept toa 

mimimum. 

At the end of both growing seasons, thatch accumulation in each experiment was 

quite low (less than 12 mm). In general, the clipping treatments led to an increase in 

thatch thickness for all three N rates, but N rate did not affect thatch depth. Thatch depth 

was no greater in 1992 than it was in 1991. Therefore, the data suggest that neither the 

fertilizer nor the clippings were causing a thatch buildup over the long term. 

The two experiments were not designed to allow direct statistical comparisons. 

However, it turned out that similar amounts of total-N were applied to selected plots in 

each study. In the first study, the 2 PEH plots received an average of 394 kg N ha™ yr‘ 

from clippings. In the second study, the HRet+1 plots received an average of 374 kg N 

hat yr', with approximately equal amounts coming from clippings and ammonium nitrate. 

Since the total-N rates are similar but the N source is different, these plots allow a general 

comparison of the effect of clipping-N alone vs. a mixture of clipping-N and fertilizer-N. 

In the 2 PEH plot, average weekly N uptake efficiency (WNUE) was 33%, while in 

the HRet+1 plot, average WNUE was 48%. This suggests that the ammonium nitrate 

contributed to higher N efficiency. Nitrate levels in the upper 15 cm of the soil averaged 

0.40 mg N kg" dry soil under the 2 PEH plot, and 5.30 mg N kg” dry soil under the 

HRet+1 plot. Therefore, nitrate levels were much higher where ammonium nitrate was
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applied. This result may indicate that clipping-N has less potential for nitrate leaching than 

a mixture of ammonium nitrate-N and clipping-N. However, soil total Kjeldahl nitrogen 

(TKN) levels were lower in the first study than in the second study (0.15 vs. 0.18 g N kg" 

dry soil). As aresult, the 2 PEH plots were growing in soil that contained less nitrogen 

than the soil under the HRet+1 plots. This difference in soil TKN may account for the 

difference in nitrate levels. 

Overall, the 2 PEH plots were less efficient in N uptake but produced lower levels 

of soil nitrate than the HRet+1 plots. Therefore, we could account for less of the applied 

nitrogen where clippings only were applied. This suggests that clipping-N may have a 

high potential to be lost to the atmosphere or stored in the plant roots and thatch layer. 

These studies demonstrated that irrigated tall fescue turf can act as a disposal site 

for grass clippings, and that grass clippings can act as the sole N source for tall fescue 

turf. Addition of clippings led to improved turf quality as reflected in density and color 

ratings. During the first two months, even the high rates of added clippings were recycled 

effectively. However, at the high rates, the N contribution of the clippings eventually led 

to excessive growth, high density, and smothering. Therefore, in the long term, the 

fertilizer effect of the clippings limits the amount of clippings that can be recycled on tall 

fescue turf.
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