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Introduction

California’s Integrated Waste Management Act (AB 939) requires California to reduce landfill waste by 50% by the year 2000.  The Integrated Waste Management Act mandates this reduction be met through specific methods such as source reduction, recycling, and composting.  Other solid waste reduction methods may be used, such as incineration but are limited to just 10 of the 50% reduction requirement. 

On a per capita basis, homeowners produce approximately 400 pounds of green waste annually (Statutes of California and Digest Measures, 1989), which is equal to approximately 25% of the solid waste sent to landfills.  Many municipalities have implemented a green waste pick-up and composting program as one method of solid waste reduction.  From this green waste, thousands of tons of compost are generated each year.  Methods to efficiently utilize it are now being sought.  Possible applications of compost could include topdressing school ground turf areas, golf courses, community recreation fields, and parks (Agnew and Berkenbosch, 1993; Hartz and Giannini, 1998; Hartz et al. 1996; Landschoot and McNitt, 1994; Perry, 1997).

Field studies were conducted from October 1994 to December 1997 in Fresno, CA to assess the feasibility of topdressing compost on turfgrass.  The goal was to compare compost topdressing with conventional fertilizer applications, determine optimum depth and timing of compost applications, and evaluate the benefits and risks of topdressing compost from cultural and financial perspectives.

The primary objective was to evaluate the utility of topdressing compost at various depths as compared to a check, conventional and slow-release fertilizers, and steer manure applications over a three-year period.  Shifts in weed populations, turfgrass quality, color, and dormancy were evaluated regularly throughout the year. Other parameters measured included clipping yield, total nitrogen content in clippings and soil, organic matter content in soil, and effects on thatch development.  

Materials and Methods

The trial was initiated in October 1994 at California State University, Fresno on a well-established common bermudagrass lawn planted in a sandy loam soil.  The site was occasionally utilized as a practice band field.  At the beginning of the trial, the field was uniform in weed population density and composition.  Plots were 10' X 18' and were arranged in a randomized complete block design with eight replications of each treatment. 

Fertilizer and steer manure treatments were applied to yield 4 pounds of actual nitrogen per 1000 square feet per year (lbs. N/1000 sq. ft./yr.) (Waddington et al., 1992).  A single application of steer manure and slow release fertilizer (Once® 34-0-7 by Sierra Ag Chemical Co.) were made in October of 1994, 1995, and 1996, while ammonium sulfate applications were made in October, April, July and September of each year.  

The compost treatments included single and multiple applications.  The single application compost treatments were applied at 1/8, 1/4, 1/2, and 1-inch depths in October of each year.  It was estimated that a 1-inch topdressing provided 8 lbs. N/1000 sq. ft. and 1/2” = 4 pounds, 1/4” = 2 pounds, and 1/8” = 1 pound of N.  Multiple applications were also applied either two or four times per year to equal a total of 1 inch of compost applied annually.  That is, 1/2” of compost was applied two times per year in October and July, and 1/4” of compost was applied 4 times per year in October, April, July and September. (See Table 1 for a list of treatments).

Material, actual nitrogen and application costs were estimated by contacting product distributors, and commercial lawn care companies and averaging their price quotes.  Estimates are presented in Table 1. 

Results and Discussion

Turf quality  (Table 2a):  Turf quality included stand uniformity, density, turf color, and the presence/absence of weeds and overall visual appeal.  The visual rating scale ranged from 1 to 9 with 9 being most desirable.  A rating of 5 was considered marginally acceptable (Gibeault, 1994; Horst et al., 1984).

In general, fertilizer, steer manure, and compost treatments on bermudagrass improved overall turf quality. Untreated check plots averaged a 3.6 quality rating over all seasons from November 1994 through September 1997, while all other treatments scored higher.  The check plots were visibly thinner, less green in color and lower in overall appeal than treated plots at each rating date.  There are, however, a few exceptions.  In November 1994, one month after treatment initiation there was no significant difference between any of the treatments.  In November 1995, the ammonium sulfate and the 1” compost treatments were significantly lower and no different from the check, respectively.  

Compost topdressings of 1/2” and 1” buried the turfgrass, which lowered quality for several months until the turf recovered.  These rates were determined to be too much to apply at one time.  The 1/8, 1/4 and 1/2-inch compost topdressings were very similar to the fertilizer and steer manure treatments.  The highest quality was observed in plots receiving 1/4-inch compost applications four times per year.  

Turf color and dormancy (Table 2b):  All plots were visually evaluated on a scale of 1 to 9 (9 being the best) for color throughout the year and for the onset of dormancy in the late fall.  The three-year average over all seasons revealed that all treated plots were greener in color than the untreated check plots and that the onset of winter dormancy was delayed.  

The untreated check plots ranged from a winter low of 1.9 to a summer high of 4.3 with a mean over the three years of 2.9.  Ammonium sulfate and slow-release fertilizer treatments ranged from a winter low of 2.1 to a high of 7.4 and an overall mean over the three-year period of 3.9 and 4.3, respectively.  

The 1/8" compost and steer manure treatments closely resembled the fertilizer applications.  As more compost was topdresed (1/4, ½, and all 1" treatments), turf color improved even more during all growth seasons and the onset of dormancy was further delayed.  Spring green-up was greatly enhanced by ½-inch or more compost treatments, though all treatments did green-up more quickly than the check.  

The onset of dormancy was delayed, presumably due to more available nitrogen from the compost.  In addition the compost, which is dark in color and applied in fall, may have absorbed more heat and delayed the temperatures from dropping below the threshold for bermudagrass growth.  This may explain why the 1/2-inch compost treatments had a significant higher color rating than the fertilizer treatments, even though they all had the same amount of actual nitrogen applied.  

Weed populations (Table 2c):  Two weed population peaks were observed per year.  These were associated with winter populations of annual bluegrass (Poa annua) and summer populations of crabgrass. (Digitaria spp.)  

Weed populations were lowest in all plots in fall (November ratings), as this was the time between summer and winter annual weed growth cycles, i.e. crabgrass was dying out and annual bluegrass was just emerging.  Annual bluegrass populations were extremely high in the check, fertilizer treatments, and the 1/8 and 1/4-inch compost applications, as illustrated in all March ratings when bluegrass was at its peak.  In all likelihood, the topdressings fertilized the weeds.  The 1/2 and 1-inch compost treated plots did average a lower annual bluegrass population compared to all other treatments.  Presumably, this resulted from the mulching effect of the compost, which covered the weed seed and reduced or delayed germination.  

In summer all plots were abundant with crabgrass, but fertilizer treatments averaged significantly lower percentages than check plots due to the bermudagrass growth response to the fertilizer.  When all 1-inch compost applications are compared to the check and fertilizer treatments, the 4 applications of 1/4-inch compost averaged the lowest weed populations in summer months when the turf was actively growing.  This light, frequent topdressing nourished the turf regularly and gave it a competitive advantage over the crabgrass.  This treatment failed to reduce the annual bluegrass populations during the winter months, however, because there was no mulching effect as seen with heavier compost applications.  

All treatments, except the three 1-inch compost plots, had an average of 44-59% weeds over the three years.  The 1-inch applications averaged 25 to 28%, almost half as many weeds.  The single 1-inch and the 1/2-inch applied twice a year had fewer winter weeds but very poor turf quality during the winter months as well.  The 1/4” compost treatment applied quarterly had winter weeds, but very few summer weeds and high quality ratings during the summer months.  

Compost effect on total nitrogen in grass clippings and soil, thatch and organic matter content in soil, and grass clipping yield (Table 3): 

Percent nitrogen in turf clippings:  Turf clippings were collected in July and October in 1996 and 1997 and analyzed for total nitrogen (%N) by the University of California Division of Agriculture and Natural Resources laboratory.  The results were averaged by month. (July 96, 97 and Oct. 96, 97).

The sufficiency range for % N in bermudagrass clippings, established by Jones (1980), is 2.75 to 3.50%.  All treatments, including the check, were in this range during July.  In October, only the 1-inch compost treatments fell within this range.  

Over all treatments, % N in the clippings tended to be higher in July than in October, 3.02 and 2.56% N, respectively.  This trend was due to more favorable growing conditions in July and was expected.

In July, the 1/2” topdressing x 2 applications compost treatment averaged 3.66% N, which was significantly greater than all other treatments. There was no statistical difference between steer manure, slow release fertilizer, ammonium sulfate, 1/4” x 4 applications, and the 1-inch treatments.  The 1/8, 1/4 and 1/2-inch compost treatments were not significantly different than the check, which averaged 2.75% N.

In October, the 1/4” x 4 compost treatment was significantly greater than all other treatments with 3.20% N.  The steer manure and other 1-inch compost treatments were not significantly different from each other but greater than the check.  All other treatments were the same as the check.    

A goal was to relate % N in the turf clippings to a visual color rating.  The relationship was not clear.  The best color ratings in July were the 1/4”x 4 compost treatments and not the 1/2”x 2 compost treatments which had the highest % N in the clippings.  However, the general trend was that the higher the % N in the clippings, the better the color ratings.  When the % N in clippings was at the low end of the sufficiency range, (2.75-2.85) the visual color rating was also low and at the higher end of the sufficiency range, 2.9-3.5, the color was better.  

Percent total nitrogen and thatch and organic matter content in soil samples:  Five soil cores (2” diameter x 8” depth) were collected from each plot in October of 1996 and December of 1997.  Thatch and organic layers in the cores were observed and measured with a ruler taking two measurements per core and then averaging them. These cores were then sent to the UC DANR Analytical Laboratory to determine percent total nitrogen (% N) and organic matter (% OM).   These results were averaged for those two years and are presented in Table 3.  

The thatch layer consisted of compressed green tissue and older tissue (stems, rhizomes and stolons, but not roots).  The thatch layer was easy to see and measure due to the color difference between it and the darker organic matter layer right below it.   Surprisingly there was absolutely no significant difference in thatch layer development between any of the treatments and therefore the data is not shown.  Nearly all core samples collected had a thatch layer of either 5 or 6 millimeters.

% N, % OM, and OM measurements of the soil cores followed the same trend as nitrogen in the clippings, i.e. the more compost applied, the higher % N and % OM and the deeper the organic layer in the soil.  All 1-inch compost treatments were not significantly different from each other and had the highest % N, % OM, and the deepest organic layer.

 The ½-inch compost treatments contained half the amount of % N, % OM, and OM layer as the three 1-inch compost treatments.  The 1/8 and 1/4-inch compost and the steer manure treatments were slightly, but significantly, higher than the two fertilizer treatments in % N and % OM.  With respect to the measured OM, the 1/8-inch compost treatment was less than the ¼” and the steer manure treatments. There was no difference in % N and % OM and measured OM between the 1/8-inch compost treatment, the fertilizer treatments, and the check.   

Grass clipping yields:  Grass clippings were collected from each plot in July of 1996 and weighed to determine yield, (pounds of dry matter per acre) (Lush, 1990). The results were somewhat unexpected.  The highest yield, 1115 pounds of dry matter per acre, was observed with the 1/4” x 4 compost treatment. Though the other 1-inch compost treatments applied similar amounts of nitrogen per year, their yield was significantly lower.  Slow-release fertilizer, ammonium sulfate, 1/2” x 2 and 1-inch compost applications were not significantly differently from each other but were higher than the check. The 1/8, 1/4, and 1/2-inch compost treatments were no different than the check.  The steer manure treatment yielded more than the check but less than the fertilizer treatments.  

Some discussion is needed as to why the yield between the 1/4” x 4 compost treatment was so much higher than all other 1-inch compost treatments, when all received 8 pounds of N/1000 sq. ft./year.  One explanation may be that the 1/4-inch of compost applied 4 times per year was least disruptive to bermudagrass growth. Turf crowns and foliage were not buried by the compost as were other treatments of 1/2-inch or greater.  It may also be due to a sustained release of nitrogen favoring consistent and vigorous growth of bermudagrass throughout the season.    

A high clipping yield associated with rapid growth is not necessarily desirable.  Rather, a sustained rate of moderate plant growth is preferred.  All plots were mowed on a weekly schedule.  However, it was observed that the 1/4” x 4 compost plots would have benefited from an even more frequent mowing because of its rapid growth rate. The very high clipping yield observed with 1/4” x 4 treatments may be a negative characteristic though these plots performed with consistently high quality throughout the year.  

Conclusions 

It is feasible to apply compost topdressing on municipal turfgrass sites and experience a positive cultural effect.  Compost applications of 1/4, 1/2, and 1" depths applied to turf in late fall resulted in an improvement of turf color throughout the year and delayed the onset of dormancy.  However, 1-inch applied at one time does create a very low quality turf until the organic matter filters into the soil profile.  Overall, consistently higher quality turfgrass ratings and lower weed populations of crabgrass were observed when 1/4" compost topdressings were applied 4 times throughout the year (October, April, June, and August).  However, a high clipping yield was also observed with this treatment.  It may be better to apply 1/4” only two or three times a year.  This reduction in frequency would reduce costs, decrease clipping yield and likely still provide the same positive effect on weeds and quality.  1/8, 1/4, or 1/2-inch compost applications are better than none and provide a small increase in quality and color over the check but are insufficient to improve turf performance to a truly higher standard.

In terms of application and material costs, compost is significantly more expensive per pound of nitrogen than synthetic fertilizers and is comparable in cost with steer manure.  Application costs for compost are based on tonnage rather than the amount of area to be treated so cost of application becomes quite significant as rates of topdressing increase.    However, with the adjunct significant reduction in weed populations, the savings in herbicide applications may more than compensate for the increase cost of applying compost. 

Literature Cited

Agnew, M.L. and S.M. Berkenbosch. 1993. The Effects of Compost Topdressing on Compacted Soils. Iowa Turfgrass Research Report. pp.102-104.

Gibeault, V.A.  1994.  Rating Turfgrass Plots using Turf Score, personal communication.

Hartz, T.K. and C. Giannini. 1998.  Duration of Composting of Yard Wastes Affects Both Physical and Chemical Characteristics of Compost and Plant Growth.  Hort Science 33(7):1192-1196.

Hartz, T.K., F.J. Costa, and W.L. Schrader. 1996. Suitability of Composted Green Waste for Horticultural Uses.  Hort Science 31(6): 961-964.

Horst, G.L., M.C. Engelke, and W. Meyers.  1984. Assessment of Visual Evaluation Techniques.J. Agronomy (76):619-621.

Jones, J.R., Jr. 1980. Turf Analysis. Golf Course Management. 48(1):29-32.

Landschoot, P. and A. McNitt. 1994.  Improving Turf with Compost.  BioCycle (Oct)54 – 58.

Lush, W.M. 1990. Turf Growth and Performance Evaluation Based on Turf Biomass and Tiller Density. J. Agronomy (82):505-511.

Perry, E.  1997. Greenwaste-Derived Compost for Ornamental Nursery Crops Production. Proceedings CA Plant & Soil Conference, American Society of Agronomy, Visalia, CA.

Waddington, D. V., R. N. Carrow, and R. C. Shearman. 1992. Turfgrass. Agronomy #32. American Society of Agronomy, Inc., Madison, WI. pp.394-408. 

________________________

Acknowledgements

We thank Roland D. Meyer, University of California Extension Soil Scientist, for his assistance in this project. 

Table 1.  Compost and Fertilizer Treatments and Costs

Treatments
Lbs. Product/

1000 sq. ft.

Per year
Cost of material/

1000 sq. ft.

Per year
Lbs.   Nitrogen/

1000 sq. ft.

Per year
Cost of

1 lb. N/

1000 sq. ft.

Per year
Cost of Application/

1000 sq. ft.**

Per year
Total Cost

Per

1000 sq. ft. 

Per year

Check







-bag

$27.75

$6.94

$30.09

Steer manure ***---
1555
-----------
4
---------
$2.34
---------

-bulk

$12.25

$3.06

$14.59

Slow release fertilizer (Once®)
     12
$10.08
4
$2.52
$8.00
$18.08

Ammonium sulfate
     20
$  2.80
4
$  .70
$32.00

($8.00 x 4 applications/yr)
$34.80

Earthwise Organics Nature’s 

Yield Compost*

1/8”
555
$ 6.52
1
$6.52
$  .81
$  7.17

1/4”
1110
$13.04
2
“
$1.65
$14.57

½”
2220
$26.08
4
“
$3.30
$29.15

1”
4440
$52.17
8
“
$6.60
$58.30

1/2”  x  2 applications


4440
$52.17
8
“
$6.60

($3.30 x 2)
$58.30

1/4”  x  4 applications


4440
$52.17
8
“
$6.60

($1.65 x 4)


$58.30

*   Compost cost was $23.50 per ton.  Compost Analysis (we assumed a 15% nitrogen release rate).

% OM


% N
% P
% K
Na ppm
% Ash
% Moisture
Bulk Density

30.0
1.4
0.99
0.66
1400
60.1
24.0
0.84gr/cc

**  Application costs were determined by surveying landscape applicators and averaging their price quotes, which were $3.00 per ton for compost and manure with a minimum tonnage purchase and $8.00 per 1000-square feet for fertilizers. These figures do not include overhead and profit expenses incurred by private application companies. 

*** Steer manure could be purchased by the bag or in bulk by the cubic yard.  It was 0.86% N and we assumed a 30% release rate.
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