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SUMMARY. Compost is primarily a soil-amending product that may improve soil
quality and the productivity of organic and conventional vegetable crops. Growers
can use compost as a soil conditioner or as nutrient source to supplement the fertility
program in vegetable production. Nutrients such as nitrogen, phosphorous, and
potassium may be low. To lower the environmental impact of high compost
application rates and protect water supplies from excessive nutrient runoff or
leaching, or an excessive soil nutrient buildup, compost should be applied to match
the nutrient needs of a crop. Compost quality use guidelines for assessing compost
quality for use in vegetable production are limited. The objective of this paper is to
present guidelines for determining compost quality for use in organic or conven-
tional vegetable production.

O
rganic vegetable production
in the United States must
comply with National Or-

ganic Program (NOP) standards [U.S.
Department of Agriculture (USDA),
2016]. The NOP defines compost as
the product of a managed process
through which microorganisms break
down plant and animal materials into
more available forms suitable for appli-
cation to the soil (USDA, 2016). There
are no compost use quality guidelines in
the NOP that address the physical,
chemical, and biological properties of
compost for organic vegetable produc-
tion. Therefore, there is a need formore
research to develop more extensive
guidelines to help growers understand
the potential positive and negative ef-
fects of compost in vegetable produc-
tion systems. The U.S. Composting
Council (USCC) developed official
minimum compost use guidelines for
different cropping systems (Rynk,
1992; USCC, 1996) as well as unoffi-
cial, independent compost analytical
laboratories. The lack of uniform stan-
dard that limit the development of
compost use guidelines is due to the

diversity and variability of a number of
factor such as feedstocks (animal ma-
nures, foodwaste, yard trimmingwaste,
agricultural by-products, etc.), com-
posting methods (windrow, static pas-
sive or aerated piles, in vessels, etc.),
application rates, application time
(before or at planting), application
methods (broadcast or band), crop
type (fruit, leafy, stems, tubers, or
roots), time of the year (fall, winter,
or spring), application alone or com-
bined with other organic or inor-
ganic nutrient sources, etc. (Rynk,
1992; Stoffella et al., 2014). The
NOP specified that compost must
meet two criteria: 1) the initial
carbon:nitrogen (C:N) ratio of the
blended feedstocks should be be-
tween 25:1 and 40:1; and 2) the
temperature must remain between
131 and 170 �F for 3 d in an in-vessel
or static aerated pile; or 15 d in
windrows, which must be turned at
least five times during this pe-
riod (USDA, 2016). The applica-
tion of sewage sludge or biosolids
is prohibited, whether composted or
uncomposted (USDA, 2016). The

definition of biosolids is a solid, semi-
solid, or liquid residue generated dur-
ing the treatment of domestic sewage
in a treatment works. Sewage sludge
includes but is not limited to domestic
septage; scum or solids removed in
primary, secondary, or advanced
wastewater treatment processes;
and a material derived from sewage
sludge. Also, the NOP prohibits the
use of compost produced with pro-
hibited feedstocks during the compost-
ing process, such as recycled wallboard,
or any synthetic materials except those
listed in the national list of synthetic
substances allowed in organic produc-
tion (Marriott and Zaborski, 2015).

The NOP has approved a variety
of nonhazardous organic wastes that
can be composted for land application
to improve soil quality. These include
crop residues, animal manures, food
waste, yard trimming waste, and or-
ganic agricultural byproducts (Marriott
and Zaborski, 2015; Stoffella et al.,
2014). Proper composting, as defined
by the NOP, is expected to eliminate
pathogens by heat and competition
with other microorganisms. There-
fore, no waiting period is required
between compost application, in
which the soil amendment does not
come in contact with the edible prod-
uct, and harvest time (USDA, 2016).
Commercial aerobic composting
methods range from expensive oper-
ations, such as computerized in-vessel
aerobic systems (turning, forced aera-
tion, and odor control) or closed
anaerobic systems, to inexpensive
(manually and machine turned) wind-
row or static pile systems (Rynk and
Richard, 2001).

Research indicates that organic
waste materials suitable for compost-
ing can be beneficial to both organic
and conventional vegetables growers
(Ozores-Hampton, 2012; Ozores-
Hampton et al., 2011, 2012; Rynk
and Richard, 2001; Stoffella et al.,
2014). Compost can be applied
to improve soil physical properties

Units
To convert U.S. to SI,
multiply by U.S. unit SI unit

To convert SI to U.S.,
multiply by

2.54 inch(es) cm 0.3937
0.5933 lb/yard3 kg�m–3 1.6856
1 mmho/cm dS�m–1 1

28.3495 oz g 0.0353
1 ppm mg�kg–1 1

(�F – 32) O 1.8 �F �C (�C · 1.8) + 32
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(water-holding capacity, soil struc-
ture, and bulk density), soil chemical
properties (cation exchange capacity
and plant nutrient availability) and
soil biological properties [microbial
activity (Ozores-Hampton et al.,
2012, 2011; Stoffella et al., 2014)].
Therefore, compost is primarily a soil-
amending product that may improve
soil quality, which eventually may
improve the productivity of organic
vegetable crops. Although compost is
often recommended as a soil condi-
tioner, depending on the feedstocks
used to make the compost and the
quality of the final product it may
contain significant amounts of nutri-
ents. Hence, testing compost quality
and nutrient composition maybe rel-
evant especially when is used to sup-
plement the fertility program. This
requires the understanding that al-
though the contribution of nutrients
such as N may be low, phosphorous
(P), potassium (K), and micronu-
trients still should be calculated to
avoid over application of nutrients
(Ozores-Hampton, 2012). Higher
compost application rates as a soil
conditioner may produce excessive
nutrient buildup in the soil and loss
to the environment. In dry climates
with low opportunity for nutrient loss
due to leaching, high compost appli-
cation rates can produce excessive
salt, P, and K soil accumulation that
can interfere with plant growth, nu-
trient uptake, or cause a deficiency of
other nutrients.

Compost testing is important to
help growers understand compost
quality and nutrient content and po-
tential effects in their production sys-
tems. With all compost production
alternatives, the compost supplier
should collect a composite sample of
the compost and analyze it at intervals
of every 20,000 tons of compost pro-
duced or every 3 months, whichever
comes first. The recommended com-
post testing methodologies and sam-
pling procedures should follow the
‘‘Test Methods for the Examination
of Composting and Compost’’ that
evaluate and verify that the compost
meets physical, chemical, and biolog-
ical requirements (Table 1). However,
it should be noted that the recom-
mendations in Table 1 are not required
by the NOP. In addition, before com-
post is delivered to the vegetable pro-
ducer, the supplier should provide
the following documentation: 1) the

compost meets Federal and State
health and safety regulations, 2) the
composting process has met time and
temperature requirements of theNOP,
and 3) laboratory analysis that is less
than 4 months old.

The objective of this paper was to
collect compost quality guidelines
from various sources [Cooperband,
2002; Florida Department of Envi-
ronmental Protection (DEP), 2010;
Marriott and Zaborski, 2015; Rynk,
1992; University of Massachusetts,
2016; U.S. Environmental Protec-
tion Agency (USEPA), 1994, 1995;
USCC, 1996] and present them as
a comprehensive list to help vegetable
growers determine the most appro-
priate use of compost. These physical,
chemical, and biological compost
quality guidelines will promote the
positive effects of compost on soil/
crops and minimize the negative im-
pacts (environmental, crop production
and growth, and others) on organic or
conventional vegetable production.
The development of these guidelines
provides generalized information on
compost quality suitable for the pro-
duction of organic or conventional
vegetables. Table 1 includes physical,
chemical, and biological compost pa-
rameters described below.

Bulk density
Calculated as weight divided by

volume. Lighter compost indicates
less inorganic materials.

Moisture
Water content in the compost

and is expressed as a percentage of
total dry weight. Moisture content
lower than 30% will indicate dry com-
post and higher than 60% is wet
compost, which will affect handling
and transportation. Dry compost will
be light and dusty and wet compost
will be heavy and clumpy.

Organic matter
Lower organic matter content

indicates the presence of an inorganic
component such as sand, clay, silt, or
man-made materials such as plastics
and metals.

Particle size
Particle size is determined by

passing the compost through a series
of sieves. Large particle size will
indicate poor quality or immature
compost.

Physical contaminants (inert
materials)

Man-made materials that are aes-
thetically offensive and decrease the
value of the finished compost.

pH
Most composts have the pH

values between 5 and 8, with a pre-
ferred ranged of 6 to 7.5.

Electrical conductivity (soluble
salts)

Some specific salts (sodium and
chloride) may be detrimental to
vegetable crops. However, a higher
electrical conductivity in most com-
post is due to higher nutrient con-
tent, and at recommended field
application rates do not contain suf-
ficient levels of these salts to cause
phytotoxicity.

Stability
Can be defined as the point at

which easily degradable C decrease
so that its decomposition rate is no
longer control the overall rate of
the decomposition of the feed-
stocks. If the compost consumes
large amount of N and oxygen (O2)
to support biological activity (bacte-
ria and fungi, etc.) that can cause
plant stunting by ‘‘N-immobilization.’’
Compost stability can be determined
by respiration rate by measuring the
rate at which carbon dioxide is re-
leased or O2 consumed in optimal
moisture and temperature condi-
tions. Portable easy to use compost
stability tests such as the Solvita
maturity test (Woods End Research
Laboratory, Mt Vernon, ME) are
available commercially. This is a
color-coded test based on a two-
tiered test system using respirome-
try (stability) and ammonia-gas
emission (maturity). Very stable
and mature compost will range
between 7 and 8, mature 5 to 6,
and immature <5.

C:N ratio
This is the balance of the two

elements for optimal performance
of the compost once it is incorpo-
rated into the soil. Lower C:N ratio
may give compost an intense ammo-
nium odor with significant losses of
N and high C:N ratio may immobi-
lize N in the soil and cause plant
stunting.
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N–P–K
This is normally stipulated as a per-

centage of dry or wet weight. Compost
N–P–K content is low compared with
commercial fertilizer; however, when
compost is applied at higher rates it can
cause a soil nutrient buildup. The rate
of N release or availability is especially
important, since this nutrient moves
readily through sandy soils. Evaluations
of N mineralization in situ can be used
to improve N use efficiency. However,
the direct, quantitativemeasurement of
N mineralization in situ is difficult due
to the complex and dynamic nature of
N transformations in the soil environ-
ment (Preusch et al., 2002).

Heavy metals
Trace elements whose concen-

tration must meet national, state,
and/or local safety standards to be
marketable, due to the potential for
toxicity to humans, animals, and
plants.

Maturity (growth screening)
The degree to which the com-

post is free of phytotoxic substances,
such as high ammonia levels, organic
acids, and other water soluble com-
pounds that limit seed germination
and plant growth and is determined
empirically using bioassay. The test-
ing should be performed on site after

compost is been delivered to the
vegetable producer.

Weeds-free
Compost should not add weed

seed or tubers into the soil. To pro-
duce weed-free compost, the temper-
ature must remain between 131 and
170 �F for 3 d in an in-vessel or static
aerated pile, or 15 d in windrows,
which must be turned at least five
times during this period (USDA,
2016).

Human pathogen
The public health needs to be

protected from potential pathogen

Table 1. Optimal compost physical, chemical, and biological properties range for use in vegetable production and other
production systems compiled information from various sources listed below.

Parameter (units)z Optimal rangez,y TMECC methods no.x

Physical
Bulk density (lb/yard3 wet basis) 740–980 3.03
Moisture (%) 30 (dry) – 60 (wet) —
Organic matter (%) 40–60 5.07-A
Particle size 98% pass through 3/4-inch screen or smaller than 1 inch 2.02-B
Physical contaminants (%) <2% 3.08-A

Chemical
Ph 5.0–8.0 4.11-A
EC (mmho/cm) <6 4.10-A
Stability [carbon dioxide (CO2)
evolution rate or oxygen
consumption]

CO2-carbon/unit volatile solid (VS) per day (<2 = very
stable, 2–8 = stable, >8 = unstable). Oxygen (O2) uptake
O2/VS per hour (<0.5 very stable, 0.5–1.5 = not stable,
>1.5 = not stable)

5.08-B

Solvita maturity test (Woods End
Research Laboratory, Mt Vernon,
ME)

‡6 —

Carbon:nitrogen ratio 10–25 4.01 and 4.02
Nitrogen (%) 0.5–6.0 4.02
Phosphorous (%) 0.2–3.0 4.03
Potassium (%) 0.10–3.5 4.04
Heavy metals Meet or exceed USEPA Class A standard, 40 CFR § 503.13 or DEP 62-709
Arsenic [As (ppm)] <41 4.06-As
Cadmium [Cd (ppm)] <15 (DEP) 4.06-Cd
Copper [Cu (ppm)] <450 (DEP) 4.06-Cu
Lead [Pb (ppm)] <300 4.06-Pb
Mercury [Hg (ppm)] <17 4.06-Hg
Molybdenum [Mo (ppm)] <75 4.06-Mo
Nickel [Ni (ppm)] <50 (DEP) 4.06-Ni
Selenium [Se (ppm)] <100 4.06-Se
Zinc [Zn (ppm)] <900 (DEP) 4.06-Zn

Biological
Maturity (seed emergence and
seedling vigor)

>80% relative to positive control 5.05-A

Weed-free No or very low weed seeds —
Pathogen Meet or exceed USEPA Class A standard, 40 CFR § 503.32(a)
Fecal coliform (MPN/g total solids) <1000 7.01
Salmonella (MPN/4 g) <3 7.02
z1 lb/yard3 = 0.5933 kg�m–3, 1 inch = 2.54 cm, 1 mmho/cm = 1mS�cm–1, 1 ppm = 1mg�kg–1, MPN =most probably number, 1MPN/g = 28.3495MPN/oz, 1MPN/4 g =
7.0874 MPN/oz.
yCooperband, 2002; DEP, 2010; Marriott and Zabosrski, 2015; Rynk, 1992; University of Massachusetts, 2016; USCC, 1996; USEPA, 1994, 1995.
xTest methods for the examination of composting and compost.
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content, such as fecal coliform and
Salmonella. Therefore, all compost
that contains regulated feedstocks
must meet national, state and/or local
safety standards to be marketable
(Cooperband, 2002; DEP, 2010;
Marriott and Zaborski, 2015; Rynk,
1992; University of Massachusetts,
2016; USCC, 1996; USEPA, 1994,
1995).

Compost quality guidelines for
organic vegetable production are still
limited and noncomprehensive in
addressing all the potential positive
and negative effects of compost.
However, compost physical, chemi-
cal, and biological properties pre-
sented here will promote positive
effects of compost and minimize neg-
ative ones in organic and conven-
tional vegetable production.
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