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Composting 15 beheved 1o be as okl ay
agriculture itself. The earliest known written
reference to composting is found in the clay
tablets dated to the time of the Akkadian
Empire,=2700 BC{Rodalcctal., 19603, How-
ever, the words most commonly used to de-
scribe both the process and the product are of
refatively recent invention. The noun “com-
post” firsl appeared in the English language in
15387 and the verb *“to compost” in 1757 (Mish,
1988). Older references describing both the
process and the product used words, such as
dung and manure, without reference to pro-
cessing, aging, or stabilizalion; modern read-
ers must be sensitive o the changing meaning
el the vanious phrases used (o describe the
concrolled decomposition of crganic matter 1o
a point where the product can be safely and
heneficially used toimprove cropproductivity
(Oheng and Wright, 1987: T'oincelot, 1973),

While composting and compost use in plant
production are practices that have been em-
ployed Tor thousands of years, two recent
developments are especially noteworthy. Tor
most of recorded history, the reported benefits
of compost use in crop production were ancc-
dotal rather than the result of controlled scien-
tific study. In the carly years of the 20th
century, the results of controlled studies on
both compost making and compost usc in
increasing -crop productivily were first pub-
lished (Howard and Wad, 1931). Since these
early reports. numerous studies have been
published describing the types of compost
products made by different kinds of technolo-
gies and their effects when used as compo-
nents in plant production systems. The second
recent development is the emergence of orga-
nized business enterpriscs thul make, but do
not use, compost products. These enterpriscs
carnmoncy by uceepling orgunic wiste mate-
rials from a variety of customers who pay
disposal fees to the composting business; the
enterprises also earn nmoney by selling fin-
ished compost products to plant growers. There
arc 1o complete records indicating the first
commercial compost marketers, butobe of the
carliest ones was Kellogg Supply lnc., in
Carson, Calif., which was marketing composl
products as early ax 1927 and is s1ill in busi-
ness (Kellogg. tY85). Thus, overthe past 60 or
s0 years, there has arisen a new class of com-
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post users who have not heen involved in the
production of the compost they use. While
some of them have developed significant
knowledge on issues relating o composl use
m horticultural production, others have not.
Since compost materials sold by commercial
companies are manufactured products, there
can be a great deal ol variation in the dilferent
parameters important to successful piant pro-
ductiven. ANl growers who are interested in
using cenpost products W inerease productiv-
ity must keep in mind that use patterns associ-
ated with naturally oceurring organic prod-
ucty, such us peat und related materials, are not
pecessarily the sume as the use patterns asso-
ciated with manufactured compost products.

IMPORTANT FACTORS IN A
CONTAINER GROWING MEDIUM

While there is no perfect growing madium
for all ornamental crops under ull growing
conditions, numerous authors have described
general recommendations. Forexample, Joiner
(1981) recommends for container-grown foli-
age crops the Tollowing general parumeters:
bulk density—0.30 g-cm™ (dry), 0.60 to 1.20
g-cm™ (wet); pore space—3% (o 30%: water-
holding capacity—20% 1o 60%:; pH—3.5 10
6.5: soluble salts—400 to 1000 mg L™; cation
exchange capacity—10 to L0 meg-100 co .

Frequently, commercially made cotmpost
products have pH levels higher than those
fisted above; ranges of pH 6.7 to 7.7 are not
uncommin {e.g., Conover and Joiner , 1966;
Fiezpatrick, 1989; Fitzpatrick and Verkade,
1991} High pH values can result from the
chemical gualities of the substrates [tom which
the compaosts ate made. or from materials
added to the substrates. For example, com-
posts made from stabilized sewage sludge
frequently have high pH values because of
chemical stabilizers, such as lime, added to the
sludges prior w composting. Unless milled,
{see Filzpalrick, 1989), pore space and water-
holding capacities of commercially made com-
post products are usually within the acceptable
ranges. Soluble salt levels. cation exchange
capucity, and bulk density may all be signifi-
cantly influenced by the composition of the
parent matcrial or by preprocessing. so grow-
ers of oroamentul crops should monitor these
paranteters regularly.

ISSUES PERTAINING TO COMPOST
USE IN ORNAMENTAL CROP
PRODUCTION

Use in media for ornamental crop produc-
tien is high on the list of priorities of agricui-

tural uses of compost products because of the
relatively gh value of nursery and green-
house crops and the need [or organic maller for
risoling substrates (Slivka et al., 1992, Tyler,
1993, 1996). Lvery time a conlainer-grown
plant is sold, the rooting substrate is sold with
iL, necessituting the need for more substrite.
Many compost products contain significant
levels of certain plant nutrients, but rarcly in
sufficient concentrations to provide all ol an
evnamental crop’s requirement. For example,
in one study in which tropical trees were
grown in containers {Fig. 1), the compost
products used did not provide sulficient nutri-
ents when used withour fertilization, espe-
cially for rapidly growing trees, such as
schefflera (Brassaio actinaphvlla Endl.) and
West Indiun mahogany [Swiettenia mahaponi
(L.) Jacy.] (Fitzpatrick, 19853, 1o this same
study, the growth rates of slower growing
trees, such as pink tabebuia [Tabebiia pallida
(lindl.) Miers.] and pigeon-plum (Coceoloba
diversifolio Jacq.), did notdilfer whether grown
in sewage sludge compost and irrigated with
sccondary treated sewage effluentor in a peat,
pine bark, and sand medium fertilized at nor-
mal nursery crop levels, Apparently, the levels
of N in the effluent (average 6. 8 mg-L ', sp =
3.8) were sufficient (o augment nutrients pro-
vided by the compost edium for these slower
growing trees, buf not sutficient for the faster
growing species.

The attractiveness of ornamental crops as
autlels for compost products does not come
without cost. Since the plant’s root systemisin
direct and continual contact with the compost,
any concerns regarding compost guality arc
masLacule with comaimer crops and numerous
factors can influence quality (Rynk et al.,
1992).

Parent peverial, Compost products are
made from a wide variety of materials, includ-
ing municipal solid waste (commuonly known
as garbage), biosolids (commonly known as
sewage sludge). animal manures, yard trim-
mings. agricullural residues, waste paper, food
processing wastes, and many other materials.
The composition ol the parent malerial can
have an influence an the quality of the product.
For example, a compost made from sewage
sludge supported more rapid growth in con-
taincr-grown Viburmum suspensim Lindl, than
did composts made from less nitrogen-rich
thaterials, such us gurbage, yard trimmings,
and stable sweepings (Tilzpatrick and Verkade,
19911

Preprocessing and postprocessing. Proce-
durcs employed before and after the active
composting peried can sometimes influence
compost quality. For example, sludges are
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frequently stabilized and conditioned prior to
heing subjected (o composting. T a sludge is
stubilized by treatment with ferric ¢hloride
and lime, a common practice in many wasle-
water treatment tacilities, the level of soluble
salts in the finished product may be signili-
cantly higherthan in compost made from sludge
that had been stabilized using a wet-air oxida-
tion process. When compaosts made from slud-
ges treated with ferric chloride und lime were
campared with composts made rom sludges
nol ireated with these materials as media for
the non-salt-tolerant container crops Spath-
iphyllum ‘*Mauna Loa’ and Schefflera
arboricola Hayata. plants were significantly
smaller when grown in composts with higher
soluble salts (Fig. 2). However. plants grown
in either of these compost products were sig-
nificantly larger than those grown in a controel
medium consisting of 40% peat, 50% pine
bark, and 10% sand (Iit-patrick, 1986). Other
processing procedures, such as screening, can
influenee the physical quality of the compost
products by making them more homogenaus
and, conscquently, casicr lor the grower to mix
and apply.

Active composting tinte and compost prod-
wcl saturily. The earliest references on com-
posting time published in the modern era (e.g.,
Heoward and Wad, 193 1) indicate an optimum
composting time of =6 months for mixtures
containing 25% of high nitrogen malerial,
such as animal manure, and 75% high carbon
material, such as plant debris. Many current
commercial compost producers promise & sti-
bilized end product in a much shorier period.
Since many compost producers derive the bulk
of their income [rom lees charged 1 (he wusle
producers, a strong economic incentive exists
to accelerate the active composting. Commer-
il plant producers who purchase compost
products from such sources must be mindful of
the negative elfects ol using immature com-
posts, such as biological blockage of nitrogen,
detormity or death of plant parts caused by the
ephemeral production of phytowxic chemi-
culs by the microflora present in immature
composts, and increased mobility of certain
toxic clements in the soil cansed by the redue-
tionof soil redox capacily (hmenez and Gareta,
1989). Many growers who use compost prod-
uels store newly delivered material for 60 12
months, allowing them to decompose further,
as an insurance against any phytotoxic effect
that might occur should even a portion of the
compuost delivered contain immature material.

Content of inert material. Certain types of
parent materials may contain noncompostable
substances, such as particles of glass or plastic,
and metal objects. These materials may be
unsightly and can cause hazards. particularly
if they have sharp edges. If a compost is made
cxclusively from materials such as yard trim-
mings, leaves, or plant debris, then inert mate-
rial 15 usually not a problem. If, however, u
compost 1s made from municipal solid wastc,
inerl malerials may be a problem, particularly
if the parent materials have not been subjected
o sullicient preprocessing. Some states have
passed environmental regulations limiting the
amountof inert materials in compost products.
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For example, in Florida, state regulations
mandate that inert materials may not exceed
2%. by mass. in compost products marketed
Tor unrestricted hortGeultural uses (Florida
Dept. of Environmental Protection, 1989). In
other areas, compost producers and brokers
have developed self-regulation programs. [or
example, compost producers in Ohio will nol
sell a eompost product for nursery use il the
level of inert material exceeds 0.5%, by mass
{Tyler, 1993). The issuc of inert material pres-

ence in composts is parlicularly important in
container production of arnamental craps for
retail markets. Any dangerous, sharp objects
in the growing medium can have dire conse-
quences.

Regulared elements. One of the almost
universal concerns related to compost use is
the question of regulated elements. The 11.5.
LEnvironmental Proteclion Agency has issued
recommendations for the maximum permis-
sible levels in compost products of 10 heavy

Fig. 1. Cffects of medium and irrigation with sewage effluent on growth of West Indian mahogany
(Swigieniu mahagonn), Trees were grown in (A and D) peat, pine bark, and sand. or in a (B and )
compast medium. Treatments applicd were: (A, B irrigated with secondary sewage effluent without
fertilizatian; (C) irrigated with well water alone; (D = control) irrigated with well water and tertilized

al normal nursery crop rates (Fitepatrick, 1983),

Fig. 2. Effects of clectrical conductivity of compost medium on growth of Spathiphyilom *Mauna Loa™: (A)
3.0dS-M5 (B) 7.5 dS-M 1 (C) 3.5 dS-M ! (Fitzpatrick. 1986).

HowrScievee, Voo, 33(6), Octopor 1998

$S9008 9811 BIA $0-/0-GZ0Z 18 /woo Aiojoeignd-poid-swd-yewlsiem-jpd-swiid)/:sdny wol) papeojumoq



metals: arsenic, cadmium, chromium, copper,
lead, mercury, maolybdenum, nickel, selenium,
and zinc. Many ol the stales have passed their
own regulations. using the federal recommen-
dations as guidelines, Substantial differences
in heavy metal concentrations can exist bhe-
tween different types of compost praducts that
are attributable to the parent material and the
relative level of preprocessing (Table 1). How-
ever, the overwhelming majority of composl
products that are available at the presentlime
fall well within the federal and state guidelines
(Chaney and Rvan, 1993: Stilwell, 1993). The
safety of compostproducts has been improved
by the reduction ol toxic heayy metals in waste
streams. Such reduction have been obtained
by the implementation of industrial pretreat-
ment programs as well as by quality control
programs practiced by commercial compost
producers and monitored by governmental
regulatory authorities.

Microbiological status. A common con-
cern relative to comipost use is the possible
presence of pathogenic organisms, The heat
generated during active composting reduces
the levels ol any pathogens that might have
been present in the parent material to insignifi-
cant levels (Burge, 1983; Taug, 1993). TTow-
ever, since commercial composting is Ire-
quently conducted on a large scale, involving
hundreds of tons per day, the question of the
existence of cool spots within active compost
piles and the possibility of reinoculation after
composting are normally addressed by exam-
ining representative samples ot the product
and conducting microbiological screening.
Usually. the pathogens themselves are not
cultured, but the compost samples are tested
tor the presence of indicator organisms, such
as foeal coliform bacteria. Indicator organism
tests are simple, reliable, and are required by
both federal and state regulations. They serve
as an additional safeguard (o insure the muin-
tenance ol compos! guality and safety,

Another microbiological issuc of concern
is the presence of the ubiquitous thermatolerant
tungus Aspergillus fumigarus Fres., a
suprophyte frequently found in decaying or-
gunic muterials. A. furigans is one of the
relatively few fungi that can be pathogenic o
humans, since the emperature of the human
body. 37 °C, is optimum forits growth (Oliver,
1994). However, the relatively small number
ol confirmed cuses ol aspergillosis, coupled
with the ubiquity of A. fusnigaius in the envi-
ronment, suggests that the susceptibility of
humans is rather low. A recent review ol the
literature indicates that humans that are
immunocompromised may become ill after
only a minimal exposure to A, fiwnigatus, but
that healthy individuals appear (o show no
significant health impacts [rom exposure to
this lungus (Maritato et al., 1992y, Morcover,
the average horticultural worker is exposed to
many substrates that contain A, fimigaius,
such as sail, peat, sawdust, wood chips, and
other products. It harticulmral worlkers do not
experience any aspergillosis symptoms from
contact with these products, they probably
will not do so as a result of cxposurc to com-
]'l(l.‘il PT()(IUL‘|S.
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Table 1. Residues of cadmium, copper, lead. and zine in two types of compost products.

Average residue (N = 3), mg-kg™! dry mass

Municipal solid

Sludge-yard Control growing

Element waste compost? (rimming compuost® medium™
Cadmium 0.87 043 <0.09
Copper 96.21 3.84 1.74
Fad 2,28 (.68
Zinc 39.61 Fse)

“Analyses conducted by the students in Principles of Horticultural Compost Technology AGG 4932 Uniy.
of Florida, Fall semester, 1994, using the DTPA (dicthylenetriaminepentaacetic acid) method (Lindsay and

Nowvell, 1978),

Bagged Agrisoil runicipal solid waste compost, made in 1990 by Agripost Co., Miami.
*Bulk-delivered compost made in 1989 of | dewatered sewage sludge : 3 vard timmings by the Broward

County Public Works Dept.. Pompano Beuch, Fla.

“A commercial growing medium made of 4 peat : S pine bark : | sand.

EXPERIENCES USING COMPOST
PRODUCTS FOR ORNAMENTAL
CROFP PRODUCTION

Numerous rescarch studics have been pub-
lished, some of which are described i the
preceding sections of this paper. on how com-
post products can be used to improve produc-
tion of nursery crops. In addition 1o these
studies, several general reviews report numer-
ous studies in summary form. Sanderson (1980)
reviewed many published studics and reported
sigmilicanl increases in productivity across a
wide variety of nursery crops. More recently,
Shiralipour et al. (1992) reviewed compost
use in a wide variety of crops, including nurs-
ery crops, and reported significant increases in
productivily as a resul Lol using compost prod-
ucts,

Compost mulerials have been used suc-
cessfully to grow a wide spectrum of nursery
crops, [rom Mowering armuals (Wootton et al.,
1981) (o conlainer-grown tropical trecs
{Fitzpatrick, 1983). Ina demonstration project
conducted in 1979-80 at a commercial nurs-
ery in southern Florida, a number of container-

grown ornamental specics grown in a compost
made from sewage sludge and vard trimimings
grew to marketable size significantly taster
than did plants grown in a medium composed
of 6 peat: 4 sawdust: 1 sand (by volume)
({Titzpatrick, 1981). Plants of one of the spe-
cies lested. dwart oleander (Nerivm oleander
L.J, grown in 25-cm-diameter conlainers for 5
months, were =1.25x as large when grown in
the compost mixture than when grown in a
contrel medium (Fig. 3). Moreover, compost
products have heen suceesstully used in field
nurseries as soil amendments to increase pro-
duclivity in various tree species (Gouin, 1977;
Gouin and Walker, 1977).

Carelul adention to the churacteristics of
the growing medium can allow faster and
more economical production of ornamental
crops. Since nursery crops need new growing
medium as each growing cycle is compleled,
compost marketers have the opportunity (o
develop products that can be very attractive (o
omamental plant growers. Provided that the
compost products are made with craphasis on
guality, their use in nursery crop production
will probably conlinue o expand.

Fig. 3. Effect of medivm on growth of dwarl oleander (Newium oleander) grown in 25-cm-diameter
containers for 5 months in a trial conducted at a commercial nursery: (A) compost made [rom | sewage
sludge : 3 yard trimmings (by volume): (B = control) & peat : 4 sawdust: 1 sand (hy volume) (Filzpatrick.,
L981).
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