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Abstract

Composts derived from various organic wastes, including municipal solid
waste (MSW), were evaluated for N fertilizer substitution potential, capacity to
control weeds in vegetable row alleyways, as an alternative to polyethylene
mulch on beds, and as a soif amendment in intensive crop production systems.
When compared to plots without compost, bell pepper (i Capsicum annuum) yields
from plots amended with composts were higher at O and were similar at 50 or
100% inorganic fertilizer rates (100% equalled growers’ fertilizer regimes)/.
Cucumber (Cucumis sativus), seeded after the final bell pepper harvest, produced
higher yields on plots with residual compost. Tomato (Lycopersicon esculentum)
grown on plots amended with sugarcane filtercake compost produced higher
marketable yields and larger fruit size at 0, 50, or 100% inorganic fertilizer rates
fgrowers’ fertilizer regime) than when grown on unamended plots with the same
inorganic fertilizer treatments. Plots mulched with compost, with bed sides
stabilized by living muliches, had higher bell pepper stands (losses attributed to
Phytophthora capsici) than plots of beds covered with polyethylene muich (the
conventional material]. However, polyethylene muiched plots resulted in higher
marketable bell pepper yields than compost mulched plots. Winter squash
(Cucurbita pepo), seeded on the compost plots after bell pepper harvest, had
higher plant stands and yields similar to squash seeded on the polyethylene
mulched plots. MSW compost, particularly immature compost, Spread on bed
alleyways provided weed control similar to or better than that from herbicides.
Concentrations of NO;-N and NH N in the leachates from one of five COmMposts
peaked at 246 and 29 mg/l, respectively, after applying 300 to 400 mi of water.
Applications of 1500 mi water (equivalent to a 34 cm rain) leached 3.3 to
15.8% of the total N in the composts. Under field conditions, the N
mineralization rate of the five composts ranged from -2.1 (attributed to N
immobilization by immature compost) to 9. 1%. These in vestigations suggest that
composts can play important roles in vegetable cropping systems.
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The number of landfills in the USA has declined from 8000 in 1988 to
3197 in 1995, whereas composting facilities for yard trimmings have increased
from 750 in 1988 to 3316 in 1995 (Steuteville, 1996). Municipal solid waste
(MSW) compost production is becoming an integral part of solid waste
management schemes throughout the USA and other parts of the world.
Eggerth (1996) reported an increase from two MSW composting facilities in
the United States in 1984 to 18 in 1994. However, in 1993, only 3.1% of the
MSW waste generated in the United States was composted, 18.6 % was
recycled, 15.9% incinerated, and 62.3% was land filled (Eggerth, 1996). Of
the 20.3 million t of MSW produced in Florida in 1992, nearly 60% were
biodegradable organics (Florida DEP, 1993; Smith, 1994). MSW compost
facilities and compost production rates should dramatically increase in the
future because new state and/or local regulations are designed to reduce
disposal of biodegradable materials into landfills, cost effective compost
facilities have been developed by the private and public sectors to produce high
quality end products, and acceptance of compost by commercial agricultural

has increased.

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”. Compost
feedstock compositions can consist of mixtures of yard trimmings, wood chips,
paper, food wastes, and sewage sludge (biosolids). Production methods vary
from inexpensive and simply managed static piles to very expensive, highly
technical, and computerized in-vessel operations as described by Rynk (1992)
and Hughes (1980). Feedstock materials, composition, method of production,
and size and time of production can affect the chemical, biological, and
physical quality characteristics of compost. He et al. (1995) reported
differences in physical and chemical properties of 10 composts collected from
production facilities throughout the United States. Compost application to
commercial vegetable cropping systems is relatively new in the USA. Research
has suggested that composts can serve as soil amendments to improve soil
water and nutrient holding capacity, particularly in sandy soils, increase soil
organic matter, and, ultimately, improve plant growth and yields. Compost can
be utilized as an alternative to polyethylene mulches, serve as an alternative
weed control material, and increase soil fertility in vegetable crop production
systems. The purpose of this paper is to present information on MSW
composts evaluated as muiches and soil amendments in vegetable production
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systems in Florida.

Compeost as an Alternative to Polyethylene Mulch

Polyethylene is utilized as a mulch in many commercial vegetable crop
production systems in Florida. It is used as a cover on raised beds to increase
or decrease soil temperatures, conserve soil moisture, block weed growth, and
reduce inorganic nutrient leaching, particularly from heavy rainfall (> 100
cm/year) that occurs in subtropical and tropical production areas, and it serves
as a vapor barrier for soil fumigants such as methyl bromide. In Florida alone,
more than 9.5 million kg of polyethylene were used for agricultural production
(Servis, 1992). Disposal of plastic in landfills or by direct burning with
propane is costly for growers. Therefore, we investigated the potential use of
MSW compost in combination with living mulches as an alternative to
polyethylene mulch in an intensive vegetable crop production system of
southern Florida.

Traditional raised beds for bell pepper production in southern Florida
were established (Hochmuth, 1988) with drip irrigation installed in the center
of each bed. Beds were covered with polyethylene mulch (control) or 224 t/ha
of either woodchips, a MSW compost, or a compost from sewage sludge
(biosolids) and yard. trimmings. Three cover species were compared for
stabilizing effects on bedsides. Vertical bedsides were sodded with Saint
Augustine grass (Stenotaphrum secundatum), planted with perennial peanuts
(Arachis glabrata) seedlings, or sown with forage peanuts (Arachis sp.) prior
to transplanting. Bell peppers "PR-3002" were transplanted, yield and fruit
size data collected, plants removed, and a subsequent winter (butternut) squash
(Cucurbita pepo cv "Waltham") was sown to evaluate residual effects from the
compost. Experimental methods and compost chemical and nutrient
characteristics were reported by Roe et al. (1994).

As expected, the sewage sludge/yard trimmings waste compost had
higher concentrations of N, P, and K and other macro and micronutrients than
the MSW compost (Roe et al., 1994). Phytophthora capsici caused a greater
plant stand reduction in polyethylene mulched plots than in organic mulched
plots (Table 1). However, total pepper yields were highest and fruit size was
larger in the polyethylene mulch piots than in the organic cover plots. Bed
sides were stabilized bv each living mulch. but bell pepper vields did not differ
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among the treatments (Table 1). Each living mulch maintained bed integrity
for the duration of winter squash cultivation. Squash plant stands and fruit
yields from organic mulched plots were similar to those from the polyethylene
mulched plots (Table 1). However, fruit size (g/fruit) was significantly heavier
from the organically mulched plots than from the polyethylene muiched plots.

These results suggest that organic mulches in conjunction with living
mulches can serve as an alternative to polyethylene mulch. Organic mulches
can reduce infection by certain soil borne organisms, enhance soil fertility,
increase soil organic matter, and reduce weed growth. However, to achieve
yields similar to or higher than a polyethylene mulched crop, a production
system will have to take into account organic mulch characteristics, rate
utilized, soil borne organisms present, and the vegetable crops grown.

Composts as Soil Amendments

Nutrients are essential components in any vegetable production system.
In intensive production systems, inorganic forms of nutrients are applied either
pre or post sowing or transplanting. Systems with drip irrigation uiilize
fertigation as a method of delivering nutrients. With the environmental
concerns of groundwater contamination from "over fertilization" in intensive
agricultural production areas, particularly in areas with sandy soils such as in
south Florida, alternative or partial alternatives to utilization of inorganic
fertilizers are being investigated. "Best Management Practices” are being
developed for the production systems in these areas.

Compost applied as a soil amendment can improve soil organic matter
content, water and nutrient retention in soils susceptible to leaching, and
stabilize soil pH. Moreover, composts are sources of macro- and
micronutrients. When compared to compost use in temperate climates,
however, the benefits can be reduced in hot humid climates because organic
matter decomposition is accelerated (Dick and McCoy, 1993).

Our investigation determined the effects on vegetable yields of an MSW
compost and a sugarcane filtercake (a sugarcane processing mill waste by-
product; LeGrand, 1972) compost applied as soil amendments. Bell peppers
were grown on raised beds with and without compost (sewage sludge/yard
trimming waste at 134 t/ha) in south Florida on a Riviera fine sandy soil
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(loamy, siliceous, hyperthermic Arenic Glossaqualf). Compost chemical and
nutrient composition are reported in Table 2. Plots were fertilized at 0, 50, or
- 100% of the growers’ standard rate (71N-39P-44K kg/ha broadcast and 283N-
278K kg/ha banded in the center of each bed) and covered with polyethylene

mulch,

Table 2. Nutrient and heavy metals concentrations of a sewage sludgeyard trimmings

compost
C N P K Ca Mg pH EC
- % - dS/m
33.8 1.85 0.80 0.43 3.83 0.24 17.2 4.44
Fe Mn Zn Cu Cd Pb Ni
---------------------------------------------- mg/kg -——-
7500 59 - 208 131 3.2 38 11

Marketable bell pepper yields and mean fruit size increased as fertilizer
rates increased (Table 3). Compared to yields from plots that did not receive
compost, bell pepper yields from plots amended with compost were higher
when fertilizer was not applied and similar when it was applied at either 50 or
100% of growers’ standard fertilizer rate. Regardless of fertilizer rates, fruit
sizes were larger in plots amended with compost when compared against plots
without compost After pepper harvest, plants were removed, liquid fertilizer
was applied through an injection wheel, and "Valient" cucumbers (Cucumis
sativus) were sown. Marketable yields did not respond to fertilizer residuals
(Table 3). However, plots that were previously amended with compost had
higher marketable yields than plots without compost (Table 3).

Tomato (Lycopersicon esculentum) "Sunny” plants were established on
plots amended or unamended with compost (sugarcane filtercake at 224 t/ha).
The plots were on raised beds and covered with polyethylene mulch and
received 0, 50, or 100% of the standard fertilizer rate (153N-134P,0,-280K,0
kg/ha). Experimental methods were reported by Stoffella and Graetz (1996).
Chemical composition of the compost is indicated on Table 4. Total and early
marketable tomato yields and mean fruit size were higher in plots amended
with compost than in unamended plots at equal fertilizer rates (Table 5).
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Table 3. Marketable beil Pepper and cucumber yields and fruit size as influenced by
fertilizer rate and compost

Bell pepper Cucumber
Total
Treatment Fruit marketable  Fruit
X-large Large Total weight yield size culls
------------- t/ha --eeeoeoeee g ffruit t/ha g/fruit %
Fertilizer rate” No compost

0 8.5 11.3 19.8 160 20.4 320 305
50 186 12,5 o 31 193 24,6 321 31.3
100 19.5 120 32.0 197 23.3 326 48.2
Fertilizer rate Compost {134 t/ha)

0 17.8 12.5 30.3 182 28.0 326 40.8
50 25.5 12.5 35.7 205 26.4 322 48,0
100 22.7 9.2 31.5 208 25.8 333 437
Significance
Compost . NS NS o e NS NS
Fertilizer Q’ NS NS a’ NS NS NS
Compost x Fertilizer NS * ** NS NS NS NS
LSD* 1.8 3.5

Y Fertilizer rates expressed as percent of growers’ standard rate; 100% rate is equivalent
to 354N-39P205-322K20(kg/ha?

?' LSD (0.05) value for fertilizer x compost interaction

NS, *, ** Nonsigniticant, significant at P = 0.05 or 0.01, respectively; Q = Quadratic

Table 4. Nutrient and heavy metal concentrations, and electrical conductivity (EC) of
sugarcane filtercake compost

C N C/N P K Ca Mg pH EC

......... [ ratio e e O e dS/m
34.0 2.52 13.5 0.94 0.08 5.30 0.34 6.66 2.07

Mn Zn Cu Cd Pb Ni Na
R —— S 1LY T — - -
324 239 218 1.75 23 575 309

{Source: Stoffella and Graetz, 1996)
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Table 5. Marketable tomato vield and fruit weight as influenced by fertilizer rate ang
sugarcane filtercake cornpost
Marketable yield
Compost ::aetr;iliizer Early? Total ;rngt
~tha- kg/ha -—eeeeeee - g/fruit -
0 0 566 2212 150
224 0 3486 12188 180 | 1
0 50 524 6535 195 B
224 50 2658 15008 - 194 .
0 100 1972 6568 164 # |
224 100 2920 16979 192 { |
Significance Xl
Compost i * i " Il il
Fertilizer NS * - ** f .:- i
Compost x Fertilizer NS NS * »

" Fertilizer rates expressed as percent of growers’ standard, 100% rate is equivalent
to 153N-‘l34P205-280K20tkg/ha1

? Early marketable yields are totals of the first three harvests

NS, *, *#* Nonsignificant, significant at 2 = 0.05 or 0.01, respectively

{Source: Stoffella and Graetz, 1996}

These results suggest that sandy soils amended with compost will
produce higher vegetable crop yields than unamended soils, regardless of
inorganic fertilizer level. Compost may provide supplemental nutrients,
particularly when only small quantities of inorganic fertilizer are applied.
However, at higher inorganic fertilization rates, compost can improve water
retention, reduce nutrient leaching, and/or provide an additional source of
organic matter, particularly in infertile soils of southern Florida.

e e

P

Alternative Weed Control with Compost

By directly competing for light, nutrients, and water or by harboring
insects, diseases, and other pests that can damage the crop, weeds can be a
major obstacle to high crop yields. Polyethylene muich has been an effective
method for controlling most weed species, except nutsedge, in vegetable crop
production systems throughout the world. However, hand hoeing, mechanical
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cultivation, or herbicides are used to control weeds in the vegetable crop alleys
between the mulched beds. These methods can be costly in a vegetable crop
production system. Additionally, herbicides can have negative environmental
implications.

MSW compost was evaluated as a potential mulch to suppress weeds
in vegetable crop alleys. Weed control was compared in vegetable crop alleys
that were sprayed with glyphosate, mulched with MSW compost at 224 t/ha,
or untreated. The percentages of weed ground coverage 16 and 73 days after
treatment on compost-mulched plots were similar to those of herbicide-treated
plots (Table 6). Both compost-mulched and herbicide-treated plots had
significantly lower weed ground coverage than the untreated plots.

Table 6. Percent ground coverage by all weeds and by broadleaf weeds, and total
weed weights as influenced by herbicide and municipal solid waste compost

Ground coverage

Days after application

Weed control 16 73 Broadleaf  weed dry
method All weeds weeds weight
--------------------------- O -mmmeewm e eeee q
Control 56a" 72 a 24 b 28.4a
Herhicide 27 b 49 a 24b 9.1b
Compost 17b 21b 85a 28.3a

" Mean separation by Duncan’s muitiple range test, 5% level

{Source: Roe et al., 1993}

Immature compost applications or compost water extracts are
phytotoxic to emergence and growth (Jimenez and Garcia, 1989; Shiralipour
et al., 1991). Plant phytotoxicity from immature compost might be associated
with high fatty acids (acetic, propionic, isobutyric, butyric, and isovaleric)
concentrations (DeVleeschauwer et al., 1981) or ammonia concentrations
(Wong, 1985). Therefore, immature MSW compost was evaluated for its
potential to control weeds in vegetable crop alleys. The experiment compared
vegetable alley plots sprayed with a herbicide (paraquat), plots mulched with
four depths of immature compost (3.8, 7.5, 11.3 and 15 cm), and plots left
untreated (weedy control). Compared to the weedy control, the herbicide and
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all immature compost depths reduced percent weed ground cover for more than
240 days (Fig. 1).

Weed cover (%)

25 65 50 150 240
Days after composl application

Fig. 1. Effects of immature compost mulch on weed control

The degree of control obtained, particularly from immature compost,
suggests that applications may be alternatives to herbicides or inter-row
cultivations for weed control in vegetable crop alleys. Moreover, the immature
compost will eventually mature in the field and can be soil incorporated into
raised beds on which vegetable crops can be established with the potential
benefits of increased soil organic matter and nutrients and reduced sojl borne (

pathogen populations.

Nutrient Leaching from Compost Amended Soils

Compost application methods, placement, and rates for vegetable crop i
production systems are dependent on the Crop grown, desired effect, and g
expected beneficial duration (one or more cropping seasons). Rates can vary Cill
from 25 to more than 250 t/ha of material with N contents up to 4%. l
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In the USA, untreated groundwater is the source of drinking water for
50% of the total population and 97% of the rural area population (National
Research Council, 1978). Nitrate-N concentrations higher than 10 mg/1 are the
maximum contamination standard for drinking water quality (USEPA, 1987).
High compost application rates have been reported to result in leaching of
NO;-N, NH,-N, and PO,-P from the topsoil. Leaching subsequently results in
groundwater contamination (Peverly and Gates, 1994). Daliparthy et al. {1995)
have reported leaching of NO,-N into the groundwater from applications of
organic wastes such as sewage sludge and manures. Nitrate leaching has also
been reported following applications of inorganic fertilizer (Goodrich et al.,
1991; Lea-Cox and Syvertsen, 1996).

Nutrients, particularly NO;-N, are a concern in the agricultural coastal
area of Florida because water tables are shallow, soils are sandy, and rainfall
exceeds 100 cm/year. Therefore, we investigated the NO,-N and NH,-N
leaching rates from five Florida compost sources [sugarcane filtercake (SF),
sewage sludge (B), and three mixtures of municipal solid waste and sewage
sludge (MSWBI, 2, and 3)] applied on the surface of an Oldsmar fine sand
(sandy, siliceous, hyperthermic Alfic Haplaquods). The soil was in 7.5 cm
diameter leaching columns which were covered with compost layers equivalent
to 100 t/ha. Columns were leached with deionized water at 300 ml/day for five
days (equivalent to 34 cm rainfall).

Over the five-day period, leachates reached concentrations of 246 mg/!
of NO;-N (Fig. 2) and 29 mg/l NH,-N (Fig. 3). Leached nitrogen accounted
for 3.3 to 15.8% of the total N among the composts. However, leachate
concentrations of NO;-N peaked after the application of only 300 to 400 ml of
water (equivalent to 6.8 to 9.1 cm rainfall). Sewage sludge alone and
sugarcane filtercake composts had the highest leaching rates and concentrations
of NO;-N. The investigation demonstrates that NO,-N leaching should be
considered when compost application rates and frequencies are determined,
particularly on soils vulnerable to nutrient leaching.

Nitrogen Mineralization of Compost
Nitrogen mineralization is the biological process by which organic N

is released as NH,-N and NO.,-N. Nitrogen mineralization of compost is
generally dependent on compost composition, maturity, and environmental
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NO,-N Elution Curves
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Fig. 2. Elution curves and cumulative leaching of NO4-N from five compost-amended sail

columns. The error bar at each data point represents the standard error of the
mean
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NH,-N Elution Curves
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Fig. 3. Elution curves and cumulative leaching of NH,-N fromi five compost-amended soil
columns. The error bar at each data point represents the standard error of the
mean
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conditions during and after initial application. Sims (1995) reviewed
investigations of mineralization rates of municipal sewage, MSW and sewage
. sludge co-composts, animal wastes, and industrial organic wastes. Rates
ranged from -44 (immobiiization of N) to 67%. The N mineralization rate of
& compost is important because it determines the application rates and
frequencies required to use a material to its potential without creating an
environmental hazard. Generally, composts applied to vegetable cropping
systems should mineralize rapidly because most species are annual crops that
require N relatively quickly.

Nitrogen mineralization rates of five diverse composts produced in
Florida were evaluated over a five-month period under a polyethylene-covered
raised bed typical of those used in Florida (Hochmuth, 1988). A PVC column
(5 cm diameter and 8 cm height) filled with compost was installed into the
bed surface. The top of each column was covered by a PVC cap to prevent
leaching and volatilization of N. Every 30 days, four columns for each
compost were removed from the s0il and the compost was analyzed for organic
C, total N, and inorganic N (NH,-N and NO;-N). After four months in field
conditions, compost N mineralization rates varied from -2.1 t0 9.1% (Table
7). Carbon-nitrogen (C:N) ratios decreased in the MSW composts. The high
C:N ratio of the MSWBI1 compost (27) probably resulted in N immobilization
(negative mineralization rate, -2.1%) because the microbial population would
deplete soil inorganic N as it assimilated the surplus carbon in the material
(Table 7).

Table 7. Initial carbon and total nitrogen concentrations, C:N ratios and mineral-
ization rate {after a four-month incubation) of five composts

Initial  Final N miner-

Compost C N C:l"\i C:!\I alization
ratio ratio rate
-------- % --reeee- %
MSW +sewage sludge (MSWB1) 34.7 1.28 27 17 -2.1
MSW + sewage sludge (MSWE2) 17.9 0.91 20 12 0.6
MSW + sewage sludge {MSWB3) 23.2 1.60 14 12 1.8
Sewage sludge {B) 19.4 1.63 11 11 9.1
Sugarcane filtercake [SF) 29.5 2.11 14 13 7.6

MSW: Municipal solid waste
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Concluding Remarks

Organic wastes are being converted into commercial grades of mulches
or composts with increasing frequency. Production technology has improved
compost quality and the consistency of quality, and reduced time of
production. Commercial quantities and qualities of composts from organic
wastes are produced in many parts of the world and are utilized in many crop
production schemes.

Composts have been reported to 1) suppress soil borne diseases
(Hoitink and Fahy, 1986; Hoitink et al., 1991; Hoitink et al., 1993), 2) control
weeds (Roe et al., 1993), 3) serve as an alternative for polyethylene mulch
(Roe et al., 1994), and 4) improve soil fertility (Obreza and Reeder, 1994:
Sims, 1995; Stoffella and Graetz, 1996).

High heavy metal contents in MSW compost and fecal pathogens in
sewage sludge are important quality considerations for horticultural uses of
MSW compost (Rosen et al., 1993). High soluble salt concentrations can be
a major concern when utilizing sewage siudge (Gouin, 1993). Intermediate
organic compounds produced by immature compost can cause plant
phytotoxicity (Zucconi et al., 1981). Composts with C:N ratios greater than
30 can cause N immobilization (Rosen et al., 1993).

Compost applications to vegetable cropping systems have generally, but
not always, produced a significant yield response. Future investigations should
develop production techniques that improve compost quality and methods of
application, develop methods of compost utilization as an alternative to
pesticides for weed and disease control, and develop "Best Management
Practices” for composts as alternatives to inorganic fertilizers in commercial
vegetable crop production systems.
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