
1

UTILIZATION OF COMPOSTED ORGANIC WASTES
IN VEGETABLE PRODUCTION SYSTEMS

Peter J. Stoffella, Yuncong Li1, Nancy E. Roe2, Monica Ozores-Hampton, and Donald
A. Graetz3

University of Florida, IFAS,
Indian River Research and Education Center,

2199 S. Rock Road, Ft. Pierce,
FL 34945 USA

1University of Florida, IFAS,
Tropical Research and Education Center,

18905 SW 280th Street,
Homestead, FL 33031 USA

2Texas A&M University Research and Extension Center,
Rt. 2, Box 1 Stephenville,

TX 76401 USA

3University of Florida, IFAS,
Department of Soil and Water Science,

106 Newell Hall, Gainesville,
FL 32611 USA

ABSTRACT

This Bulletin discusses the use of compost in vegetable production systems in Florida,
United States.  It discusses the surface application of compost as a mulch, soil amendment, and
as a method of weed control.  N mineralization in compost after application, and the leaching
of N from compost, particularly in compost applied to sandy soils, are described.

INTRODUCTION

In Florida, of the 20.3 million  mt of munici-
pal solid wastes produced in 1992 (Florida DEP
1993), nearly 60% were biodegradable organic ma-
terials (Smith 1994).  Compost facilities for munici-
pal wastes, and compost production rates should
dramatically increase in the future in the United
States.  There are a growing number of state regula-
tions which limit the disposal of biodegradable ma-
terials in land fills.  There are also cost-effective
compost production facilities, both private and pub-
lic, producing a high-quality end product, while
commercial agriculture is making increasing use of
compost.

Rynk (1992) has defined composting as ‘a
biological process in which microorganisms convert
organic materials such as manure, sludge, leaves,
paper, and food waste into a soil-like material called
compost’.

Materials used for compost may include mix-
tures of garden refuse, wood chips, paper, food
wastes, and sewage sludge (biosolids).  Production
methods vary from inexpensive and simply operated
static piles to very expensive, highly technical and
computerized in-vessel operations, as described by
Rynk (1992) and Hughes (1980).  Feedstock mate-
rials, composition, method of production, and size
and time of production, all affect the chemical,
biological, and physical charac-teristics of compost.
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He et al. (1995) have reported differences in the
physical and chemical properties of ten composts
collected in production facilities in different parts of
the United States.

Compost application to commercial veg-
etable crops is relatively new in the United States.
Research has demonstrated that compost can serve
as a soil amendment to improve soil moisture and
nutrient holding capacity, particularly in sandy soils;
increase soil organic matter; and ultimately improve
plant growth and yields.  Compost may be utilized as
an alternative to polyethlene mulches, serve as an
alternative form of weed control, and increase soil
fertility in vegetable crop production systems.  This
Bulletin presents information on organic waste com-
posts used as mulches and soil amendments in veg-
etable crop production systems in Florida.

COMPOST AS A POTENTIAL MULCH

Polyethylene is utilized as a mulch in many
commercial vegetable production systems in Florida.
The polyethylene is used as a cover on raised beds to
increase or decrease soil temperatures, conserve soil
moisture, provide an effective weed control barrier,
reduce leaching of inorganic nutrients, particularly in
the heavy rainfall (>100 cm/year) of the subtropical
and tropical production areas, and serve as a vapor
barrier for soil fumigants such as methyl bromide.  In
Florida alone, more than 9.5 million kg of polyethyl-
ene are used for agricultural production each year
(Servis 1992).  The disposal of plastic through
collection and disposal in landfill or direct burning
with propane is becoming increasingly costly.  There-
fore, we have investigated the potential use of com-
post in combination with living mulches as an alter-
native to polyethylene mulch in an intensive veg-
etable crop production system in south Florida.

The use of organic materials as mulches can
slow the evaporation of water from the soil surface,
moderate soil temperatures, serve as a source of
slow release nutrients, reduce the germination of
weed seeds and subsequent weed growth, and pro-
tect soil from erosion and structural breakdown by
sun, wind, and rainfall.  Many composts, especially
those high in fiber or with larger particles, can be
used as mulches, although research results on this
application are limited.  Palada et al. (1992) reported
slightly higher fresh weight yields of basil (Ocimum
basilicum) when a compost mulch was used, com-
pared with black polyethylene mulch.  They sug-
gested that soil temperatures under the black poly-
ethylene mulch may have been too high for optimum
basil production.  Roe et al. (1993b) reported that

plots with organic mulches contained higher levels of
moisture, but soil temperatures were not signifi-
cantly different, when compared with plots covered
with polyethylene (Table 1).

A compost of sewage sludge and garden
refuse was applied to the surfaces of raised beds, (1.7
m center to center, 90 cm wide and 20 cm high) at
rates of 112 and 224 mt/ha before the transplanting
of bell pepper (Capsicum annuum L.) (Roe et al.
1992).  St. Augustine grass (Stenotaphrum
secundatum) sod was planted on the sides of half the
beds to serve as a living structural support to the
beds.  Control plots were mulched with white poly-
ethylene, since planting dates were in late summer.
The Ca and Mg contents were higher in leaf tissue
from plants grown under polyethylene than from
other treatments, but all were within an adequate
range (Roe et al. 1993b).  Pepper fruit yields with
compost mulch were higher than those without
mulch, but lower than those from plots mulched with
polyethylene (Table 2).  Fruits from plots mulched
with polyethylene were larger than those from plots
with compost mulch or no mulch.

Spaghetti squash (Cucurbita pepo ‘Tivoli’)
was seeded into raised beds covered with white
polyethylene or organic mulches of composted mu-
nicipal wastes, a dried sewage sludge product, or
aged wood chips, at a rate of 224 or 336 mt/ha (Roe
et al. 1993b).  Although initial squash plant stands
were higher in plots with a polyethylene mulch,
plants had poorer growth after 36 days (Table 3).
The production of fruit per plant was higher from
plants mulched with polyethylene, but plant death in
those plots was relatively common.  As a result,
plants that had a mulch application of municipal
wastes or wood chips had higher yields.  High salt
levels in the dried sewage sludge resulted in plant
stunting and subsequent plant death.

After the final squash harvest, bell pepper
seedlings were transplanted into the same beds.  The
yield and size of peppers from plants in the plots
mulched with polyethylene were generally higher
than in organic mulch plots (Table 3).  Of the organic
mulches, yields were highest from the plots with
composted municipal wastes.

Yields from vegetable crops grown with
compost mulches were generally higher than those
from unmulched plots, but not as high as yields from
plots mulched with polyethylene.  However, in some
growing situations, organic mulches, and particu-
larly compost mulches, may be preferable to the use
of polyethylene (eg. where suitable mulch and appli-
cation equipment are available, or there are problems
with the disposal of polyethylene mulch).
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Table 1. Soil moisture and temperatures under white polyethylene mulch and organic
mulches (Roe et al. 1993b)

These results suggest that organic mulches
may serve as a potential alternative to polyethylene
mulch.  Organic mulches can have a beneficial re-
sponse in reducing populations of some soil-borne
pathogens, enhancing soil fertility, increasing soil
organic matter, and reducing weed growth.  How-
ever, whether organic mulches can achieve yields
similar to, or higher than, a crop mulched with
polyethylene, will depend on the characteristics of
the organic mulch, the amount applied, the soil
microorganisms, and the vegetable crop grown.

COMPOST AS A SOIL AMENDMENT TO
IMPROVE SOIL FERTILITY

Fertilizer is an essential part of any veg-
etable production system.  In intensive production
systems, inorganic forms of nutrients are usually
applied either before sowing or transplanting, or just
afterwards.  Systems with drip irrigation utilize
fertigation as a method of delivering nutrients. Con-
cern exists over the environmental effect of nutrients
leaching into groundwater in areas of intensive pro-
duction, particularly in vulnerable soils such as the
sandy soils of south Florida.  As a result, alternatives

to chemical fertilizers are being investigated.  ‘Best
Management Practices’ (BMP) are being developed
as a result of these investigations.

Compost applied as a soil amendment can
improve the soil organic content, the water and
nutrient retention in soils susceptible to leaching, and
stabilize soil pH.  Compost can be a source of both
macro- and micro-nutrients.  However, these ben-
efits can be reduced in hot humid climates, in which
the decomposition of organic matter is faster than in
temperate climates (Dick and McCoy 1993).

Stoffella and Graetz (1996) reported that
total tomato yields, and also early marketable yields,
were higher and mean fruit size (g/fruit) was larger,
in plots amended with sugarcane filtercake compost
(224 mt/ha) as compared to control plots without
compost.  This occurred whether 0, 50, or 100%
(153N-134P-280K kg/ha) of a standard fertilizer
was used.  Green pepper plots amended with com-
post (sewage sludge/garden refuse) (134mt/ha) gave
higher marketable yields than unamended plots, re-
gardless if 0 or 50% (354N-39P-322K) of a standard
growers’ fertilizer was used (Roe et al. 1997).  After
the final pepper harvest, cucumber (Cucumis sativa)
was subsequently sown in the same plots.  Plots
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Table 2. Mean marketable fruit yield and fruit size of green peppers grown with
compost or polyethylene mulches

Table 3. Yield of squash and green pepper under white polyethylene mulch and organic
mulches
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amended with compost gave higher marketable yields
than those without, regardless of fertilizer rate (Roe
et al. 1997).

Green peppers were transplanted into plots
amended with a compost of sewage sludge/garden
refuse/mixed paper (MWP compost) and compost of
a sewage sludge and garden refuse at 0 and 134 mt/
ha with 0, 50, or 100% standard growers’ fertilizer
(354N-39P-322K kg/ha).  The experimental design,
methods, and procedures were reported by Roe et al.
(1997).  The physical, chemical, and nutrient compo-
sition of the two composts are shown in Table 4.
Plots with both types of compost gave a higher early
and total marketable yield, as compared to plots
given neither compost nor fertilizer.  In plots where
50% fertilizer was applied, yields did not differ
between compost treatments.  However, in plots
where 100% fertilizer was applied, the compost of
sewage sludge/garden refuse/paper gave higher yields
and larger fruit (g/fruit) than unamended plots with
100% fertilizer applied.

These results suggest that the sandy soil
amended with compost generally had higher veg-
etable yields than unamended soil, regardless of the
levels of inorganic fertilizer applied.  Compost may
provide supplemental nutrients, particularly when
inputs of chemical fertilizer are low.  However, even
at higher rates of chemical fertilizer, compost may
improve water retention, reduce nutrient leaching,
and/or provide an additional source of organic mat-
ter, particularly in infertile soils.

COMPOST AS PART OF AN INTEGRATED
WEED MANAGEMENT PROGRAM

There is an estimated 13% average annual
loss of potential production due to weeds in the
United States (Dusky et al. 1988).  Herbicides are
the most widely used pesticide.  Their popularity is
due to the savings they bring in farm labor, their
selectivity with regard to weed species, and their
ability to increase yield and reduce production costs.
Although, the application of herbicides contributes
to high productivity, long-term herbicide usage can
have a negative impact on the environment.  In
Florida, the Environmental Protection Agency (EPA)
has removed several herbicides from the market,
because of groundwater contamination and harmful
effects on wildlife and human health (Crnko et al.
1992).

Organic mulches were an important method
of week control before the development of herbi-
cides in commercial vegetable production.  A layer of
10-15 cm of mulch was needed to discourage weed

growth (Anonymous 1992).  In general, weed seed
germination declines as the depth of the covering
layer increases, probably due to unfavorable condi-
tions such as high or low temperature, absence of
sufficient moisture, O2, light, and high CO2 levels
(Baskin and Baskin 1987).  Organic mulches can be
as effective as conventional herbicides in controlling
weeds (Aparbal-Singh et al. 1985).  Since growers
now have access to fewer registered herbicides, and
many weed species are becoming tolerant to herbi-
cides, growers are becoming willing to try alterna-
tives to chemical weed control.

Suppression of weed growth is one of the
most important effects of organic mulches (Anony-
mous 1987, Grantzau 1987).  Weed reduction by
organic mulches may be only partly the result of an
unfavorable environment for weed germination or
growth associated with the physical presence of the
material on the soil surface.  It may also be partly due
to the action of phytotoxic compounds produced
during the composting process.  Identification of
phytotoxins in water extracted from immature com-
post indicated the presence of acetic, propionic, and
butyric acid in high concentrations (DeVleeschauwer
et al. 1981).  The total concentration of acetic acid
in immature compost made of sewage sludge, garden
refuse, and paper was between 6,000 and 28,000
ppm (Keeling et al. 1994).  The addition of nitrogen
to the immature compost did not improve germina-
tion rates.  This suggests that poor seed germination
and growth inhibition were not due to the high C:N
ratio, but to phytotoxicity (Keeling et al. 1994).
Applications of mature compost were found to re-
duce weed growth between rows of vegetable crops,
as compared to an untreated control (no compost
application).  However, plots treated with herbicide
had improved weed control than those with compost
(Roe et al. 1993a).

Organic mulches also improve the soil, by
reducing erosion by heavy rain, minimizing compac-
tion, increasing the water-holding capacity of the
soil, slowing the release of nutrients, increasing
microbial activity in the soil, and controlling soil
temperature (Anonymous 1987, Anonymous 1992,
Villareal 1980).

Tests were conducted on the effective-ness
of a compost made from municipal wastes, garden
refuse and paper in controlling weeds between veg-
etable rows.  The elemental content and chemical
properties of the compost are presented in Table 6.
To separate the physical from the chemical weed
control properties, extracts were made of water and
compost which ranged from three days to eight
weeks in age.  Compost extract prepared with 20 g
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(dry weight) of compost and 50 mL of water was the
most sensitive assay, providing the widest range of
germination of Ivyleaf Morningglory (Ipomoea
hederacea) seed of in response to compost of differ-
ent maturities (Fig. 1).  Extracts from immature (3-
day, 4-week, and 8-week-old) compost resulted in
delayed and reduced germination of a number of
important economic weed species (Ozores-Hamp-
ton et al. 1996, Shiralipour et al. 1991).

The effectiveness of a bioassay at predict-
ing Ivyleaf Morningglory injury was tested.  Ivyleaf
Morningglory seeds were sown in pots filled with
sand at 1.0 cm depth with immature (3-day-old)
compost, mature compost or commercial artificial

media, applied as a 7.5 cm deep mulch layer on the
sand.  A randomized complete block design with six
replications per treatment was used.  Plant emer-
gence and seedling growth (shoot and root dry
weight) were recorded.  Immature compost (3-day-
old) delayed emergence by four days and decreased
percent emergence by 50% as compared to the
control (data not shown).  Shoot and root dry weight
per pot were lower in immature compost than mature
compost, artificial media and the control (Data not
shown).

Similar results were reported by Chanyasak
et al. (1983) with immature compost that inhibited
the growth of Komatsuna (Brassica rapa v.

Table 4. Composition, water holding capacity, carbon:nitrogen ratio, and nutrient and
heavy metal concentrations of composts.
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Under field conditions, eight-week-old com-
post was applied in the spaces between raised veg-
etable beds covered with a polyethylene mulch.  The
compost mulch was applied at a thickness of 3.75,
7.50, and 11.25 cm.  Weed control in areas mulched
with compost was evaluated visually as percentage
weed cover, dominant weed species, and total weed
dry weight.  Immature compost was found to reduce
weed cover for 240 days after treatment (DAT), as
compared to the untreated control (Fig. 2).  The
thickness of the compost had no effect for the first 25
DAT, but from 25 to 240 DAT weed cover de-
creased linearly as compost thickness increased.
Compost applied in a layer at least 7.5 cm thick
completely inhibited weed germination and growth
for 240 DAT.  The effectiveness of immature com-

Table 5. Elemental concentration, chemical analysis, and volatile fatty acids concentration
in compost of varying maturities.

‘Pervidis’).  This inhibitory effect on growth, espe-
cially in the early stages of composting, may be
associated with the presence of low molecular weight
fatty acids, especially propionic acids and n-butyric
acid.  Higher shoot dry weight occurred when ma-
ture compost was applied, and may have resulted
from the higher nutrient content and absence of
phytotoxins in the compost.  In general, compost
applications reduced the dry weight of roots, as
compared to the control (no mulch).  Salt content,
heavy metals, and C/N ratio may be responsible for
a decrease in the percent germination, percent emer-
gence, and shoot and root dry weight.  However, a
chemical analysis of the composts indicated that only
small chemical changes occurred in compost after it
was three days old until it reached maturity (Table 5).
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Table 6. Carbon content, total nitrogen, C/N ratio and mineralization rate (after four month
incubation) of five composts (Stoffela et al. 1997)

Fig. 1. Effect of compost:water (20g:50mL) extracts and compost age
on germination of Ivyleaf Morningglory

post in controlling weeds shows its potential for
decreasing herbicide usage in vegetable production
systems.

Compost, particularly immature compost,
may be a potential alternative to weed control be-
tween beds of vegetables.  The immature compost
will eventually mature under field conditions.  Sub-
sequently, the compost can be incorporated into the
soil of vegetable beds and used for the next season’s
crop, with all the benefits this will bring of a mature
compost application.

MINERALIZATION OF COMPOST

Compost mineralization is the biological
reaction whereby organic nitrogen is converted into
inorganic forms (NH4-N and NO3-N).  The mineral-
ization of compost generally depends on the compo-
sition and maturity of the compost, and environmen-
tal conditions (soil moisture, soil temperature, etc.)
after application.  Determination of the rate of com-
post mineralization is essential to determine proper
application rates and application frequencies, and to
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predict potential N uptake by crops and off-season N
losses.

Estimates of N mineralization are often
based on incubation methods, either in the labora-
tory or under field conditions.  Probably the labora-
tory approach that most closely simulates a field
situation is the incubation/leaching method (Stanford
and Smith 1972).  Soil or compost is packed inside
a plastic column, moistened, incubated, and periodi-
cally leached with 0.01 M CaCl2 solution to remove
mineralized N.  The main criticism of this approach
is that it may also leach out some of the soluble
organic N (Beauchamp et al. 1986).  The most
commonly used method of determining N mineral-
ization under field conditions is to incubate samples
inside sealed polyethylene bags buried in the soil
(Eno 1960).  The difference in the levels of inorganic
N concentrations at the beginning and end of the
incubation period is the net N mineralization, or
immobilization.  A second method is to incubate
samples in plastic or metal columns, which are in-
serted into the soil and covered to prevent leaching
of nutrients (Raison et al. 1987).  Moisture is ex-
changed between the sample and the surrounding
soil through the bottom of the column or through
small holes in the column.  Both methods have
advantages and disadvantages (Scubler et al. 1995).
However, the two methods yield similar estimates of
net N mineralization rates.

  Nitrogen mineralization rates for five dif-
ferent composts produced in Florida were evaluated,

using the column incubation method over a five-
month period.  The columns were inserted into a
raised bed covered with a polyethylene mulch of the
kind typical of those used for tomato production in
Florida.  A PVC column (5 cm in diameter and 8 cm
high) filled with compost was inserted into the
surface soil.  The top of each column was covered by
a PVC cap to prevent leaching and volatilization of
N.  Every 30 days, four columns from each compost
sample were removed from the soil, and were ana-
lyzed for organic C, total N, and inorganic N (NH4-
N and NO3-N).

After four months’ incubation under field
conditions, the rates of N mineralization in the
compost samples varied from - 2.1 to 9.1% (Table
6).  The carbon to nitrogen ratio (C/N ratio) de-
creased in the compost made of municipal wastes.  A
high initial C/N ratio in the municipal solid wastes +
sewage sludge compost may have resulted in N
immobilization, thereby depriving increasing micro-
bial populations of inorganic N, contributing to the
negative mineralization rate (-2.1).  A C/N ratio in
commercially acceptable compost is <20.  This ratio
is presumably a dividing line between immobilization
and release of N from organic materials.  Applica-
tions of composts with a C/N ratio higher than 20
may result in the immobilization of soil N during the
initial decomposition process.  Compost with a ratio
less than 20 may release mineral N during decompo-
sition.  Sims (1995) has summarized research on
mineralization rates of sewage sludge, municipal

Fig. 2. Effect of 8­week­old compost mulch on percent weed cover
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wastes, and sewage sludge composted together with
animal wastes and industrial organic wastes.  The
reported N mineralization rates ranged from -44 to
67%.

NUTRIENT LEACHING FROM SOIL
AMENDED WITH COMPOST

Nitrate leaching into groundwater from
inorganic fertilizer has been extensively
investigated and regulated in several parts of
the United States.  Mineralized N from
compost, like inorganic N fertilizer, will move
downward in the soil profile with rainfall and
irrigation, and possibly move below the root
zone into groundwater.  High application rates
have been reported to result in leaching of
NO3-N, NH4-N, and PO4-P from topsoil, with
subsequent groundwater contamination (Peverly
and Gates 1994).  The field application of
organic wastes such as sewage sludge
(biosolids) and manure has also been reported
to cause leaching of NO3-N into the
groundwater (Daliparthy et al. 1995).

In the USA, untreated groundwater is
the source of drinking water for 50% of the
total population, and 97% of those living in
rural areas (National Research Council 1978).
Levels of NO3-N higher than 10 mL/L are
considered to be above the permitted maximum
contamination level for standard drinking water
quality (USEPA 1987).  Health effects
associated with ingestion of nitrate-
contaminated water include methemoglobinemia
(blue baby syndrome) in infants (Kross et al.
1992), possible spontaneous abortions (USFDA
1972) and birth defects (Arbuckle et al. 1988).

Areas most subject to NO3-N leaching
and groundwater pollution are those with
sandy, well-drained soils, a shallow water
table, high rainfall, and frequent use of
fertilizer and other N sources (Sims 1995).
However, the over-application of organic
materials and intensive irrigation has the
potential to cause NO3-N leaching, regardless
of soil and climate.

Nutrient leaching is an economic and
environmental concern in the agricultural
coastal area of Florida, United States, because
of the region’s shallow water table, sandy soils
and heavy rainfall (>100 cm/year), while
overuse of irrigation water is common.  High
rates and frequent applications of compost in
this area may cause leaching of nutrients to

below the root zone (<75% of citrus tree
roots are found in the top 0-15 cm of topsoil
in the flatwoods zone of Florida) (Zhang et
al. 1996).  Rates of compost application can
vary from 25 to more than 250 mt/ha, with
an N content of up to 4% (Stoffella et al.
1996).  Therefore, it is necessary to evaluate
the leaching potential of NO3-N from compost
applications in this area.  We investigated the
nutrient leaching rates from five types of
compost in Florida (sugarcane filtercake,
sewage sludge, and three mixtures of municipal
solid waste and sewage sludge) applied to the
surface of a fine sandy soil (sandy, siliceous,
hyperthermic Alfic Arenic Haplaquods).  The
soil was packed in leaching columns (20 cm
long and 7.5 cm inner diameter).  On top, a
surface layer of compost was applied at a rate
equivalent to 100 mg/ha (dry weight basis).
Columns were leached with deionized water at
a rate of 300 mL/day for five days (equivalent
to 34 cm rainfall).

Over the five-day period, leachates
reached concentration of 247 mg/L of NO3-N
and 29mg/L NH4-N (Table 7).  Leachated N
accounted for 3.3 to 15.8% of the total N in
the composts.  However, leaching peaks of
NO3-N occurred after only 300-400 mL of
water application (equivalent to 6.8 - 9.1 cm
rainfall).  Sewage sludge compost and
sugarcane filtercake compost had the highest
leaching rates and concentration of NO3-N.
This investigation suggests that the effects of
application rates, timing, and placement should
be evaluated from both an economic and an
environmental point of view, before compost is
applied to sandy soils in a region with high
rainfall or abundant irrigation water.

CONCLUSION

Organic wastes are increasingly being
converted into commercial mulches or
composts.  Technology has been improving
compost quality, and reducing the time of
production.

The reported benefits of compost include
the suppression of soil-borne diseases (Hoitink
and Fahy 1986, Hoitink et al. 1991, Hoitink
et al. 1993), improved soil fertility (Obreza
and Reeder 1994, Stoffella and Graetz 1996),
and an additional source of N (Sims 1995).
Compost can also serve as an alternative weed
control method (Roe et al. 1993a), or used
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instead of polyethylene mulch (Roe et al.
1994).

High levels of heavy metals compost
made from municipal wastes, and fecal
pathogens in sewage sludge, are important
considerations when using compost for the
production of horticultural crops (Rosen et al.
1993).  High soluble salt concentrations can
be a major concern when sewage sludge is
used (Gouin 1993).  Immature compost
applied to crops can result in plant
phytotoxicity from intermediate organic
compounds (Zucconi et al. 1981b).  If
compost has a C/N ratio greater than 30, the
result can be the immobilization of N (Rosen
et al. 1993).

The application of compost to vegetable
has generally, but not always, given a
significant yield response.  Further research
should be directed towards improving compost
quality and methods of application, developing
methods of compost utilization as an
alternative to pesticides for weeds and
diseases, and developing ‘Best Management
Practices’ for compost as a partial alternative
to inorganic fertilizers in commercial vegetable
production.

REFERENCES

Anonymous.  1987.  Soil Management: Com-
post Production and Use in Tropical and
Subtropical Environments.  Food and Ag-
riculture Organization of the United Na-
tions.  Food and Agriculture Organization
Soils Bulletin 56.

Anonymous.  1992.  All-new Encyclopedia of
Organic Gardening.  Rodale Press, Inc.,
USA.

Aparbal-Singh, Man-Singh, D.V. Singh, A.
Singh, and M. Singh.  1985.  Relative ef-
ficacy of organic mulch and herbicides for
weed control in Cymbopogon species.
Annual Conference of the Indian Society
of Weed Science, p. 77.  (Abstract).

Arbuckle, T.E., G.J. Sherman, and P.N.
Corey.  1988.  Water nitrate and CNS
birth defects: A population-based case-con-
trolled study.  Archives of Environmental
Health 43: 162-167.

Baskin, J.M. and C.C. Baskin.  1987.  Envi-
ronmentally induced change in the dor-
mancy states of buried weed seeds.  Brit-
ish Crop Protection Conference on Weeds
2: 695-706.

Beauchamp, E.G., W.D. Reynolds, D. Brasche-
Villeneuve, and K. Kirby.  1986.  Nitro-
gen mineralization kinetics with different
soil pretreatment and cropping histories.
Soil Science Society of America Journal
50: 1478-1483.

Chanyasak, V., A. Katayama, M.F. Hirai, S.
Mori, and H. Kubota.  1983.  Effects of
compost maturity on growth of komatsuna
(Brassica Rapa  var. pervidis) in
Neubaue’s pot.  Soil Science and Plant
Nutrition 29: 251-259.

Crnko, G.S., W.M. Stall, and J.M. White.
1992.  Sweet corn weed control evalua-
tions on mineral and organic soils.  Pro-
ceedings of the Florida State Horticul-
tural Society 105: 326-330.

Daliparthy, J., S.J. Herbert, P.P.M. Veneman,
and L.J. Moffitt.  1995.  Nitrate leaching

Table 7. Nutrient leaching from compost amended soil columns



12

under alfalfa corn rotation from dairy ma-
nuring.  Proceedings from the Conference
of Clean Water-Clean Environment-21st
Century.  Volume 2: Nutrients, pp. 39-42.
Kansas City, M1, March 5-8, 1995.  The
Society for Engineering in Agricultural,
Food, and Biological systems.  St. Joseph,
M1. USA.

DeVleeschauwer, D.O.. p. Verdonock, and P.
VanAssche.  1981.  Phytotoxicity of
refuse compost.  BioCycle 22: 44-45.

Dick, W.A. and E.L. McCoy.  1993.
Enhancing soil fertility by addition of
compost.  In: Science and Engineering of
Composting: Design, Environmental,
Microbiological, and Utilization Aspects,
H.A.J. Hoitink and H.M. Keener (Eds.)
Renaissance Publications.  Worthington,
Ohio, USA.

Dusky, J.A., W.M. Stall, and J.M. White.
1988.  Evaluation of herbicides for weed
control in Florida production.  Proceedings
of the Florida State Horticultural Society
101: 367-370.

Eggerth, L.L.  1996.  Compost marketing
trends in the United States.  In: The
Science of Composting, Part II, M.
DeBertoldi, P. Sequi, B. Lemmes, and T.
Papi (Eds.).  Blackie Academic and
Professional, New York, USA.

Eno, C.H.  1960.  Nitrate production in the
field by incubating the soil in polyethylene
bags.  Proceedings of the Soil Science
Society of America 24: 277-279.

Florida Department of Environmental Protection
(DEP).  1993.  Annual Report.
Tallahassee, Florida, USA.

Goodrich, J.A., B.W. Lykins, and R.M. Clark.
1991.  Drinking water from agriculturally
contaminated groundwater.  Journal of
Environmental Quality 20: 707-717.

Gouin, F.R.  1993.  Utilization of sewage
sludge compost in horticulture.
HortTechnology 3: 161-163.

Grantzau, E.  1987.  Bark mulch for weed
control in cut-flower perennials.
Zierpflanzenbau 27: 805-806.

He, X., T.J. Logan, and S.J. Traina.  1995.
Physical and chemical characteristics of
selected U.S. municipal solid waste
composts.  Journal of Environmental
Quality 24: 543-551.

Hochmuth, G.J.  1988.  Pepper Production
Guide in Florida.  University of Florida,

Florida Cooperative Extension Service Cir-
cular 102E.

Hoitink, H.A.J., M.J. Boehm, and Y. Hadar.
1993.  Mechanisms of suppression of soil-
borne plant pathogens in compost-amended
substrates.  In: Science and Engineering
of Composting: Design, Environmental,
Microbiological, and Utilization Aspects,
H.A.J. Hoitink and M. Keener (Eds.).
Renaissance Publications, Worthington,
Ohio, USA.

Hoitink, H.A.J. and P.C. Fahy.  1986.  Basis
for the control of soilborne plant patho-
gens with composts.  Annual Review of
Phytopathology 24: 93-144.

Hoitink, H.A.J., Y. Inbar, and M.J. Boehm.
1991.  Status of compost-amended potting
mixes naturally suppressive to soilborne
disease of floricultural crops.  Plant Dis-
ease 75: 869-873.

Hughes, E.G.  1980. Composting of municipal
waste, In: Handbook of Organic Waste
Conversion, M. W. Bewick (Ed.).  Van
Hostrand Reinhold, NY, pp. 108-134

Jimenez, E.I. and V.P. Garcia.  1989.  Evalu-
ation of city refuse compost maturity: A
review.  Biological Wastes 27: 115-142.

Keeling, A.A., I.K. Paton, and J.A. Mullet.
1994.  Germination and growth of plants
in media containing unstable refuse-derived
compost.  Soil Biology 26: 767-772.

Kross, B.C., A.D. Ayebo, and L.J. Fuortes.
1992.  Methemoglobinemia: Nitrate toxic-
ity in rural America.  American Family
Physician  46: 183-188.

Lea-Cox, J.D. and J.P. Syvertsen.  1996.
How nitrogen supply affects growth and
nitrogen uptake, use efficiency, and loss
from citrus seedlings.  Journal of the
American Society of Horticultural Science
121: 105-114.

LeGrand, F.L.  1972.  Production of Sugar
Cane.  Agronomy Monograph No.1.  Uni-
versity of Florida, Gainesville, Florida,
USA.

National Research Council.  1978.  Nitrates:
An Environmental Assessment.  National
Academy of Sciences, Washington, D.C.,
USA.

Obreza, T.A. and R.K. Reeder.  1994.  Mu-
nicipal solid waste compost use in tomato
watermelon successional cropping.  Soil
Crop Science Society Florida Proceedings
53: 13-19.



13

Ozores-Hampton, M.P., T.A. Bewick, P.J.
Stoffella, D.J. Cantliffe, and T.A. Obreza.
1996.  Municipal solid waste (MSW)
compost maturity influence on weed seed
germination.  HortScience 31: 577 (Ab-
stract).

Palada, M.C., S.M.A. Crossman, and C.D.
Collingwood.  1992.  Effect of organic
and synthetic mulches on yield of basil
under drip irrigation.  HortScience 27:
587 (Abstract).

Peverly, J.H. and P.B. Gates.  1994.  Nitro-
gen mineralization studies in corn and
vineyard plots treated with composts of
differing C/N ratio.  Abstracts from the
National Conference on Solid Waste
Composting Council.

Raison, R.J., M.J. Connell, and P.K. Khanna.
1987.  Methodology for studying fluxes
of soil mineral-N in situ.  Soil Biology
and Biochemistry 19: 521-530.

Roe, N.E., H.H. Bryan, P.J. Stoffella, and
T.W. Winsberg.  1992.  Use of compost
as mulch on bell peppers.  Proceedings
from the Florida State Horticultural Soci-
ety 105: 336-338.

Roe, N.E., P.J. Stoffella, and H.H. Bryan.
1993a.  Municipal solid waste compost
suppresses weeds in vegetable crop alleys.
HortScience 28: 1171-1172.

Roe, N.E., P.J. Stoffella, and H.H. Bryan.
1993b.  Utilization of MSW compost and
other organic mulches on commercial veg-
etable crops.  Compost Science Utilization
1: 73-84.

Roe, N.E., P.J. Stoffella, and H.H. Bryan.
1994.  Growth and yields of bell pepper
and winter squash grown with organic and
living mulches.  Journal of the American
Society of Horticultural Sciences 119:
1193-1199.

Roe, N.E., P.J. Stoffella, and D.A. Graetz.
1997.  Compost from various municipal
waste feedstocks affects vegetable crops
II. Growth, yields, and fruit quality.
Journal of the American Society for Hor-
ticultural Science 122: 433-437.

Rosen, C.J., T.R. Halfach, and B.T. Swanson.
1993.  Horticultural uses of municipal
solid waste composts.  HortTechnology 3:
167-173.

Rynk, R. (Ed.).  1992.  On-farm Composting
Handbook.  Northeast Regional Agricul-
tural Engineering Service, Coop.  Ext.,

NRAES-54 Ithaca, USA.
Servis, R.  1992.  Ag plastic recycling on

horizon.  Florida Grower Rancher 85:40.
Shiralipour, A., D.B. McConnell, and W.H.

Smith.  1991.  Effects of compost heat
and phytotoxins on germination of certain
Florida weed seeds.  Soil Crop Science
Society Florida Proceedings 50: 154-157.

Sims, J.T.  1995.  Organic wastes as
alternative nitrogen sources.  In: Nitrogen
Fertilization in the Environment, P.E.
Bacon (Ed.).  Marcel Dekker, Inc. New
York, NY.

Smith, W.H.  1994.  Recycling composted
organic materials in Florida.  University
of Florida, IFAS, Coop. Ext. Service BP-
2.  Gainesville, Florida, USA.

Stanford, G. and S.J. Smith.  1972.  Nitrogen
mineralization potentials of soils.  Soil
Science Society of America Proceedings
36: 465-472.

Steuteville, R.  1996.  The state of garbage in
America.  BioCycle 37,4: 54-61.

Stoffella, P.J. and D.A. Graetz.  1996.
Sugarcane filtercake compost influence on
tomato emergence, seedling growth, and
yields.  In: The Science of Composting,
Part 2, M. DeBertoldi, P. Sequi, B.
Lemmes, and T. Papi (Eds.).  Blackie
Academic and Professional, New York,
USA.

Stoffella, P.J., Y.C. Li, N.E. Roe, M. Ozores-
Hampton, and D.A. Graetz.  1997.
Utilization of organic waste composts in
vegetable crop production systems.  In:
Managing soil fertility for intensive
vegetable production systems in Asia, R.A.
Morris (Ed.).  Asian Vegetable Research
and Development Center, Shanhua, Taiwan.

Subler, S., R.W. Parmelee, and M.F. Allen.
1995.  Comparison of buried bag and
PVC core methods for in situ
measurement of nitrogen mineralization
rates in an agricultural soil.
Communications in Soil Science and Plant
Analysis 26: 2369-2381.

United States Environmental Protection Agency
(USEPA).  1987.  Improved protection of
water resources from long-term and cu-
mulative pollution + prevention of
ground-water contamination in the United
States.  Office of Ground Water Protec-
tion, Washington, DC, USA.

United States Food and Drug Administration.



14

1972.  Teratologic Evaluation of FDA
71-7 (Sodium Nitrate).  USFDA, Wash-
ington DC, USA.  Publication No. PB
221775.

Villareal, R.  1980.  Tomatoes in the Tropics.
Westview Press, Boulder, Colorado, USA.

Wong, M.R.  1985.  Phytotoxicity of refuse
compost during the process of incubation.
Environmental Pollution (Series A) 37:
159-174.

Zhang, M., A.K. Alva, Y.C. Li, and D.V.

Calvert.  1996.  Root distribution of
grapefruit trees under dry granular broad-
cast vs. fertigation method.  Plant and
Soil 183: 79-84.

Zucconi, F., M. Forte, A. Monaco, and M.
de Bertoldi.  1981a.  Biological evaluation
of compost maturity.  BioCycle 22,2: 27-
29.

Zucconi, F., A. Pera, M. Forte, and M. de
Bertoldi.  1981b.  Evaluating toxicity of
immature compost.  BioCycle 22,2: 54-57.


