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ABSTRACT

THE PREPARATION, CHARACTERIZATION AND
AGRICULTURAL USE OF BARK-SEWAGE COMPOST

RAYMOND H. VALKE

A nethod for the preparation of a compost produced by windrowing
fresh, dry, shredded bark and:residential sewege is described. Those
micrometeorological, chemical, and microbloclogicel changes monlitored
during composting are 'discusseﬂ. Microbial activity was estimated by
neasuring defhydroganase‘ concentration and for comparison by counting
on agar media. KMoisture, pH, oxygen tension, and temperature at positions
in the windrow weﬁe meaéxxred during compesting. Pathogen survival time
was estimated using two bacteris, Séiﬁenella heidleberg aml Eschérichié.
coli, and one yeast, Candida alblcans, which were seeded into the
compost to aet as indicator organisms.

The mature compost was chomicelly amalyzed for seventeen elements
and for cation exchange capacity by standard analytical techniques.

Anion» exchange eapacity was determined and compared to other horticul-
turel mixes by using manoxol, aodium dioctylsulphosuccinate. The anion
from this salt is differentially absorbed by hurdc acid and other soll
conpounds and the unabsorbed manoxol was estimeted colorimetrically after

reaction with methylene blue.

iz
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Taree indicator pathogens were reduced in mumber from over 106/5
dry compost to zero within thirty-étx hours. Ke other human pathogens
appesred to resist the composting comdition of the windrowing. FPre-
valent bacteria, actinomycetes, fungi, yeasts, protozoans and alges were
identified to gemus level. o

Fot and f1e1a experiments deaiégw:l to find optimum levels of N,
P, and K fertilization for plant growth ave described. Nitrogen was the
major nutrient deficlency while P and K and h-ace element content was
satisfactory for six week production of sudan grass. The C/N ratio was
reduced from 250/1 to 20/1 in three months time. Cation exchange capa-
city was 76.5 g/100 g dry compost. Anion exchange capacity was 13.3%
as compared to pure humic acid, while peat and loam delivered 15.4% and
5.0% respectively. Molsture holding capacity was 40% at 31% relative
humidity as compered to peat 43% and siit lom at 6%.

It wvas concluded that bark and raw sewage can be composied to-
gether to produce a pathogen free material which, when supplied with
modest fertilizer supplementatica of 2.2k 1bs/yd> of both fast and slow
ecting nitrogen, 1.12 1bs/yd> potash (K,0) from granite dust, 1.12 lbs/
yi3 P,0, £rom rock phosphate-aad 5 2bs/ya’ of aolemitic 1imestone, could
be used as a horticultural soil substitute.

x
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CHAPTER I

INTRODUCTION

New Hampshire, north of the White Mountalns, is sparsely populated
by small towns with low per capita incomes and poor tax bases. Hany of
of the farms which remain are marginally profitabie aud much of the land
has besn allowed to revert to scrub and forest.

A significant problem of this amea‘:‘l.s pollution; some towns allow
thelr sewage to run directly into the once clean waters of the Ccamecii-
cut River. Hhile the Féderal and State govermmenis have ordered thai
pollution of the river and air cease, sawdust. woodch!.ps. and pulp wastas
are often dumped om turned. Governmental agencies offer no financlally .
reasonable way of mplemnﬂng pollmﬂan abatenent in these smail towns.

Beginning in 1966 Mc. Gregory Macdonald challenged the Environ-
mental Protection Agancy and the Now Hampshire Water Supply and Follution
Commission to aid the towns of North Stratford, New Hampshire end Hloon-
field and Brunswick, Vermont in the development of a compoating process
to recycie solid and semage wastes frm the villages using as a carrier
the wood wastes from local mills. During the period 1968 - 1972 a éom-
posting plant.A a traasportatioh gystem, and a small corporation wers
operated. The townsfolk, the private investors, the Environmental Pro-
tection Agency, and the New Hampshire Water Supply and Pollution Control
Coamission recognized that theie wag the p@asimity that the wastes
from the towas could ba safely composted and the material could ba
uorked into the depleted local soils, possibly :lmprovmg cxrop production.
In the fall of 1972, when ftmds sllocated by Gonmm for the compoating

[

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Project were impounded by h'esidentm, decree, the United States Forest
Service funded the research reported in this thesis.,
| In order to study environmental and health hegzards involved in

handling dark-sewage compost, meteorological, chemical, physical, and
microbiological information ;ras collected during the comstruction and
throughout the decomposition ﬁhases of a cmpost vindrow which was com-
posed of hard woﬁd bark saturated with sewage. )

Once the éon;postiné and curing phaseé were completed the chemi-
cal, physiéal, and mim:obﬂ.ologicai characteristics of the compost were
dstermined. This &acl*&ded ala%atal ,é:alyses of clements involved in
Plant nutrition as well as, mé:téture. pH, and cation e:f_chanse aéma-
ﬂms by standard methods. Uszng ‘& new manoxcl technigue for anion
éxchanse. the compost was compared to other agricultural media.
| While the compost was curing preliminary oontrollod pot and field
experiments were conducted to determine the najo;, variables involved in
plant mutrition. The cured compost was then uwtilized in rigldly controlled
and replicated greemhouse and f1e1d experiments to develop fertiligation
mcmen&ations for supplemental nitrogen, potaasinm and phoszphate. )

Bayond the ccgclusiinﬂ._s determined az?ériaentaliy these investi-
gations make possitle ‘the developméant of pré;ctieal guldelines for tpro-
cessmg; analyzing. and‘usins‘thie and similar composts. |

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER II
LITERATURE REVIEW

Angus McDonald (1966), formerly a soil conservationist for the
Soil Conservation Service, USDA, wrote about our colonial agricultural
heritage:

“The felling of the first tree by colonists in the New
Vorld, though never mentioned by historians, was an act
of great significance. It marked the bteginning of the era
of the most rapid rate of wasteful land use in the history
of the world."

He briefly describes the continuous destruction of our native
soils and the movement away from the depleted soils of the eastezmn shore
across the nation to the west. "Then", states McDonald, " a few of the
farms in the older sections noticed a change in the soil. At first it
had been dark, in some places almost black, but now it was lighter in
color. This change, imperceptible at first, meant that deterioration
of the soil had set in. It was a symptom of the slow sickness that
would for a long time afflict our land. It meant that much of the or-
ganic matter, attacked first by fire and then by plow, was gone."

When the colonists settled the eastern shore of the United
States they found that, once the forest was cleared and burned and the
soil cropped for a few years, production declined. Since the glaclal
period only a relatively thin topscil had been developed on leached
rocks, gravels and sands from old mountains. Soil nutrient deficlencles
plagued agriculture in New England until the advent of commercial fer-
tilizers. Issac Hill (1839) said that "...the virgin soll of every new

country must be cultivated in a manner that necessarily leads to its
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exhaustion; and the more fertile the soil the greater the danger that
detericration will not stop until necessity shall either force its
abandonment or a change of cultivation from actual suffering.” Now
soils throughout the world require continual addition of commerclal
fertilizer for sustained production. From antiquity man has known
about green nanuring, contour plowing, crop rotation, and composting.
Thisilast technique was often mentioned in the Bible, and George
Washington (Schatz and Schatz, 1970) mentions composting stable manure
and soil on his farm in 1760. Deane, (1790) utilized many forms of ors
ganic wastes and manures in composting procedures &m his New England
farming experiments. Among the many techniques suggested to reduce
soil destruction by the early American agronomists - Lorain (1814),
Drown (1824), Hill (1840), Ruffin (1855), and Eliot (1934) - were
mulching and composting. Johnson (1859) of the Connecticut Agricul-
tural Experiment Station, described the composting techniques of New
Englanders. He also mentioned vhat may have been the first commercial
producer of compost, the Liebig Manufacturing Company of East Hartford,
Connecticut. In England, Thompson (1850) and Way (1850, 1852) evaluated
the absorbent power of soll recognizing what now is known as the ion
exchange properties of humus-rich agricultural land.

The importance of organic matter in developing both water and
nutrlent holding capacity ef soil was studied by Alway and Neller (1919)
in their field investigations. Sprague and Marrero (1931) utilized
various sources of organic matter on sandy and clay soils, measuring
physical change and plant growth response. In all their experiments
organic matter incorporated into sandy soills improved the soil. They

were first to note the problems involved in incorporating very dry
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organic matter into soll. Later Bollem and Clenne (1963) found thet
decay resistant lignims, flats. and waxes made desiccated bark and other
composts Q1fficult to ressturate.

~ Faced with great quantities of waste and excepticnally depleted
soils, the British agronomists Howard and Wad (1931) began to employ
composting and 1o publish extensive studles about 1930. J. I. Rodale,
the initlator of the .oégjic farming movement in thé United States,
credited Howard as the inventor of nodei'n ccmpogting,téohniquea. Com-
mercial-compastug began in Europe ﬁith tha‘I’tano Proceés 1n 1928
(Iteno and Avakawa, 1928). Today the Becarri, Bordas, Frager, Damo,
Vull-Arvoer-Maat Schappi (VAM) processes, with medification, are used v
extensively in Burope (Teemsaa, 1961), South Bast Asia and Russia (Howard,
1940; Gotass, 1956 Kupchick, 1966). In the United States, Veksman and
his meny collaborators (Waksman, Tenny, and mehm; | 1929), at Princeton
started as ea.rly‘ as 1926 to research extensively the nature of m@bic
decomposition of plant residues and menures. The funetion of alges in
composts and soils was considéred by Bristol (1920) amd further invesii-
gated by Skinner (1932). Because slgae az-e prevalent on bark they aré
found abundantly in bark comﬁost. Sewage composts were found to harbor
both helminfhs apd protozoans (Cram, 1943); their ecology wes studied
by Barker (1946). Recently the survival of fecal organisms in man@ie
slurrics was studied by Dazzo, Smith snd Hubbell (1973). The ecology
of compost fungl is deseribed in the works of Webley (1947), Conn (1948),
Eastwood (1952), Stevenson (1962), Klopotek (1962, 1963), and Chang and
Hudson (1967); " The complexity of microbial nitrogen metabolic pathweys
in composts 1s reviewed by Jansson, Hallam and Bartholomew (1955).

Although sewage was known to contain pathogenic bacteria, yeasts,
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and protozoans it was not until recently that the threat of virus was
proven (Melnick, et al., 1954). The danger from virus is well illus-
trated by the outbreak of enterovirus in Eastern Canada in 1960 (Ozere,
Faulkner and van Rooyen, 1961). Sewage and sewage sludges are now being
disposed of on agricultural land in many areas of the world (Anderson,
1955; Amrami, 19573 Reeves, 1959; Lunt, 1959; Kupchick, 19663 Sopper,
1970). Recently the use of sewage, sewage sludge, and composts of
sewage and municipal and industrial solid wastes has increased; these
materials have proven very useful in reclaiming denuded land, mine spoils,
dumps and eroded farmlands (Sopper, 1970, Vlemis and Williams, 19723
Sutton and Vimmerstedt, 1973; Harter, 1975). Some studies have been
conducted recently to determine the effect upon yield, digestibility,
and both soil and plant chemical composition (Anderson, 19553 Amrami,
1957; Lunt, 19593 Reeves, 19593 Toth, 1960; King and Morris, 1972;
Poincelot, 1972; Bengtson and Cornette, 19733 Norvell and Sawhney, 1973;
Blackburn, 1974).

During the initial phases of decay all compostable organic mat-
ter is rich in rezdily available substrate which is high in carbon and
low in nitrogen (Stevenson, 1962). Higher plants must compete with
microbes for a dwindling amount of nitrogen which they need in the ni-
trate form. The ratio of carbon to nitrogen, the o/N ratio, is an im-
portant parameter in agricultural utilization of waste matter expressing
numerically the maturity of compost (Tisdale and Nelson, 1966). The
nature of nitrogen loss and the changes in the form of this nitrogen by
decaying nitrogenous materials is reviewed by Hoyle and Mattingly (1954).
In some composts low nitrogen content is corrected by use of ammonia

which is readily converted to nitrate by microbial activity (Aspitarti,
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1958). Bollen (1959) and Polneelot (1972) emphasized the importance
of total microbial ecology to soil fertility. Biochemieal and physical
analyses of bark and wood wastes and their interactlons with microbiel
flora are further considered by Dumn (1959), Gassell (1960), Berger,
(1962), and Ellis (1962)s they emphasized thet compost must be suffi-
ciently aged or else niiroger must ke supplied. Phosphate and potas~
sium availability and their relationshipy to microbial activity have
been extemsively researched by Russlan agromomists Korovkin (1952) end
Bedrova and Ozolina (1968). The interaction of pH and temperature,
oxygen tension, moisture regime and nutrient concentration has been
investigated by Carnes and Lossin (1970).

In 1953 the Sanitary Engineering Research Project was begun
at the University of California at Berkeley (Golneke ‘and Gotaas, 1954).
The World Health Organization commissioned Cotaas (1956, 1962) to pre-
pare a comprehensive text on composting. Since that time the techni-
ques for municipal composting have developed s0 that by 1965 evidence
from Karim and Chowdbury (1958), Knoll (1959), Krige (1961i), Schultgze
(1961), Gray and Shermam (1969), Kochtitszky, Seaman, and Wiley (1969),
Mercer et al. (1962, 1968) and Nell and Krige (1971) showed conelu-
sively that not only solid wastes, but sewage sludges, septic tank
slurries, manures, and slaughter house wastes could be handled safely
and effectively by composting.

Composting raw sewage with ground bark and wood at North Strat-
ford, New Hempshire was described by Mecdoneld (1973). The efforts of
the team which worked at North Stratford resulted in the formation of
the Rural Recycle Corporation and the processing of manures, abattoir
wastes, privy wastes and septic wastes with ground bark, wood chips,
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leather scraps and selected rubbish. The experiments described in this
thesis follow years of practical work accomplished at the composting
site in North Stratford.
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CHAPTER III
MATERIALS AND METHODS

Four separate and distinct protlem phases were treated in the
ba;rk—sewaée-mpost experiments 1) site preparation and production of
compost; 2’) uoniforing of windrowsy 3) characteristics of mature com-
post; and &) nutrition studies. : |

During the monitorin:s phasze meteorological, chemical and mim—
blologieal tests were canducted over a three momth period. At the end
of the ‘, monitoring phase the mature compost was chavacterized, that is,
the physical and chemical properties of the ;cempos_t were determined and
the mimuoioglcal ;nhabitants iden‘éiﬁed, usually to genus level.

Site Preparation and Production of Compost

During Mugust, 1972, a fleld of approximately 1/3 acre of Hinck-
ley sandy 1§am in Gonic. New Hampshire was selected as the compost slte.
Four ceramic-tipped lysimeter tubes were installed bofore the area was
seeded to Balboa rye. One tube was placed slanting downmward in the
north-gast section of the field an_d three along the centerline of the
proposed windrow. 'Ihe ceramic ips ﬁm placed two feet below ground
level and the emds stoppered. Before the windrow was made, the tubes
were partially evacuated to allow sampling of the leachate soon after
the initiation of compostinmg. In oxder to compare soil moisture in the
ad jacent fleld to #hat bemeath the windrew using meutron activation,
four one and sune-half inch aluminum tubes were instélled verticallys
three along the centarline of the windrow at polnts A, B, and €

9
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(Figures 1 and 2). One was placed in the field near the suction lysi-
reter at position F. The open tip ends were placed four feet btelow
ground level. A standard white szlatted weather box was installed and
equipped northeast of the windrow in oxder to gather dally temperature
and humidity data. In the csnter of the windrew 2 cedar post was
driven securely into the soil to which were attached the electrical
leads and plastic 2ir line from a Fritschen net radiometer. Such leads
and air lime were run iantc a deep trench to a steel shed where auxillary
test equipment was housed.

On September 15, 1972, eight truck loads of fresh, dry, ground
hardwood Yark, represeanting 100 cublc yards, were dumped at a sewage
plant. On September 16, using a five cubic yard gravel truck and froat-
end loader, generocusly provided by Mr. George C. Nadeau, Pulblic Works
Department, Rochester, New Hampéhire. the lozding and nizing of sewage-
compost was initiated. About four cublc yards of ground berk was loaded
in increments by carefully dumping the bark from the uplifted bucket.
Simul taneously, utilizing 2 mud sosker pump, sewage was pumped from
the main effluent line of the Rochester Sewage System in Gonie into a
truck. The bark and sewage were mixed with shovels as the solid and
liquid materials were deposited into the truck. Uhen the truck was
full, the overly saturated mass was allowed %0 drain. After drainage
the mixture contained approximately a 40/60 ratio of ligulds io solids
(begk) cn a volume/volume'basis. After drainage of excess liquid from
the mixture, the truck was driven to the composting site and dumped.

The front-end loader followed and the matexlal was placed upon and
around the instrumentstion previcusly ingtalled at the site. This pro-

cedure was repeated and the windyows dressed to shape using shovels.
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The completed windrow was 100 feet long, 7 feet wide, and 6 feet high
(Figures 1, 2, and 3).

Tables 1, 2, and 3 give the microbiclogical popuiation of
sewage uwsed, the physical characteristics of sewage solids, and the
chemical composition of the sclids respectively.

Table 1. Mierobial population of sswage from Rochester, New Hampshire.

Values repressnt the mean values found during monitoring of
Rochester Oxidation Ponds (City of Rochester, N. H., 1972).

Population
Microorganisms Orgenisms/ml sew
gandida forms 5-12
Salmonelleas 50-150
Coliforms 3.5x 108
E. Coll 2.0 x 106
Fecal coliforms 2.0 x 107

Three slots were cut in the windrow at 25, 50, and 75 feet along
its length and thermocouples installed at three cxoss sectlions along
radial lines (Figure 2). To the southwest of the windrow, an evapor-
ation pan was placed on cement blocks and adjusted to level. An 2niti
reading was taken September 17, 1972. A cup aneacmeter, which measured
in niles per unit time, was installed atop an eight feot galvanizmed
pipe to the west of the windrow. The net radicmeter was installed on
September 18 (Figure 3). In ceses of eguipment malfunction, some
weather readings were obtained at Hobby's Weather Station, Gonie, New
Hampehire.

Table & shows nutrient data from Kjeldahl and spectrographie
analysees of the untreated bark and & bark-sewage mixture which served
t0 characterize the compost pricr to the windrow production.
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Figure 3. Fhotographs of Composting Site in Gonic, New Hampshire.

A. HMeasuring the surface temperature of the windrow

B. View of anemometer, evaporation pan, neutron probe and net radio-
neter.
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Table 2. Physical characteristics of sewage solids from Rochester,

New Hampshire. Values repressnt an average of two samples
taken in August 1972, expressed as mg/liter.

16

, =Da, :
State of Solid  Mineral®  Orgamles’  Total 20°C BOD
Suspended 2 72 126 198 96
Settleatle © us ol w2 2
Non-settleable © 24 32 5 54
Dissolved & 186 167 353 26
a. Suspended solids by gravimetric technique
b. Settleable solids by Imhoff cone _
c. HNon-settleable solids by difference: colloidal
d. Dissolved solids by evaporation of filtered samples
e. Minerals by ignition-of organics
f.

Organics by difference (totzl-mineral)

A1 data provided by Rochester Public Works Department,
Rochester, New Hampshire. ' :

Table 3. daemicé.l composition of sewage solids from Rochester,

New Hampshire. Values represent mean values from Rochester
Oxidation Ponds. (City of Rochester, 1972)

Ash

Volatile Mattexr
Organic Residue
Total N
Protein N
Nitrate N
Total P

Total 8
Calciun
Magnesium
Potassium
Sodium

& | 541

Iron 24,200
Zine 1,460
Manganese 420
Copper 78

> ~3
opoNOOOOONRA

N N w =N
ERRINBIZe &
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Table 4,

Chemical composition of untreated bark and bark-sewage

mixture prior to composting.

Element Bark Bark + Sewage

z S 2 Average L 2 Average
N .66 .73 .70 .9l .87 .90
K .30 .30 .30 .30 .30 .30
P 10,12 W1 .15 .16 .15
Ca 2,12 1.97 2,04 1.13  1.40 1.27
Mg .10 .09 .09 .20 .22 .21
st Ooh 11 .07 40 .70 .55
Na o8 02 .03 .01 .02 .01
S .03 .03 .03 12 .15 .13

M

Mn 398 420 Log 266 292 279
Fe 213 923 568 2341 2696 2518

B 18 19 18 10 11 10
Cu 11 11 11 b7 52 L9
Zn 226 289 257 273 295 284
AL 71 392 231 1722 1761 1741
Sr 91 80 85 57 59 58
Mo 3.78 8.06 5.92 10,07 18.79 14,43
Ba 115 225 115 96 103 99
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Monitoring of Windrouws

Meteorclogical Menitoring

Each morning between 7300 and 7:30 A.M. the readings on the
evaporation pan and ansmometer wers recorded, and evaporation in inches
and aversge wind speed were determined. The {emperature and humidity
drums were checked and new rolls attached if meeded. Two recoxders
were uged so that data overlapped if eithexr recorder developed trouble,
Surface temperature readings were teken using an infra-red thermometex
in the merning, at noom and at dusk at three locations on each side and
top as well as both ende of the compost pile (eleven readings) so that
dirzectional differences could be noted.

Heutron prote data for soll moisture profiles wes taken each
day at first and then less often as the experiment proceeded. VWhea ths
neutron probe was used, a fifteen minute wara-up pericd was allowed for
standardiszation purpogss. FReadings wers taken at one, two, and three
feet bLelow grouad level. At the fielé site, actual fisld =0il samples
wore taken and treated along with compost moisture mplea.to check
agairst the rmeutron prode standard cwrve. The nst raediometer recorded
day and night incoming and cutgoing radistion directly azbove the windzow.
Alr for maintalning pressure within the plastic bubble of the net radio-
neter was dried over Drisriis usisg & s2all sgusrium aerator berese
punping the air to the bubble via the underground plastic tubking. Sam-~
plee of compost were collscted pericdically for chemical and microliclo-
gical tests as described later. Oxygen tension was read using a Medel
210-002 IBC oxygen senscr mounted im a plastic cone attached to the end
of a metal probe. A portion of the cone was filled with Silice-gel to
dQry the air dreawn into the cone, since the compost alr was saturated
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with moisture and caused erratic readings if drying was not performed.

Chemical Tests

The controlling chemicsl parameters in composting are: molsture,
PH and G/N ratio (Caimsville Municipal Waste Conversion Authority, 1969).
The environmentalist is concerned with the levels of nitrate, phosphate,
and potassium in leachate water. For these reasons thess parameters
vere measured frequently during the three nonths of composting. The
nicroblologist is interested in fellowing the interaction detween mi-
croves and the environment, the relative abundance of microbial forms,
and in the survival of pathogenic organisms. For these reasons counts
of bacteria, fungi, and actinomycetes were taken.

Moisture. Pre-welghed, oven-dried, glass screw-cap jars were
used to determine percent molsture. The Jars were filled, weighed, and
stored until air dried; and then they were ought to equilibrium
moisture level over phosphorus pentoxide. To avoid loss of valuatle
crganie naterials semples were not oven-dried. Samples wers taken at
0.5, 1.5, and 3.0 feet in depth, at about two feet from locations 4, B,
and C in the pile from Yoth north and south sides.

pHi. Heasuremeats of pH were made om the sbove collected sam-
ples prior o molsture determinations. An Accumet 520 Digital pH/Ion
meter was uged and DH was read in 0.01M ealeium chlcride solution as
described by Peech (1965) to avoid salt interference. It must be

noted that pH measured in 0.01 CaCi, is about 0.5 pH units lower than

2
that measured in water using one pert soil and two parts water.

leachate. Leachats samples were withdrawn from the partially
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evacuated lysimester tubes every two weeks or after rains when the tubes
were usually full. Twelve samples were withdrawn, three from each Field
(F) and positions A, B, and C under the windrow. Chloride and iren were
messured colorimetrically using a Hach coler comparator; nitrate was
measured with 2 nitrate electrode; phosﬁhate was measured colorimetri-
cally after development of the phospho-molybdate bMlue colors and potas-
slum was anelyzsd by flame emission spectroscopy. Leachate nitzsgen

was measured as nitrate using the Model 701 Orien Meter. FPrior to util-
ization of the meter, a standaxrd curve using sodium nitrate, covering e
range of O to 1000 parts per million, was establizhed. The method of
Myers and Paul (1969) was utilized. Leachate phosphate was analyzed
using the methods of Greweling and Peech (1960) with special attention
t0 & comparison of phosphate concentration betueen leachate of windrows
and that of the field location. ILeachate potassium samples were analyzed
bty flame emisgion using a Jarrel-Ash atomic absorption spectrophotometer.

Carbon-Nitrogen Ratio. The carbon-altrogen ratio was monitored
during ¢the composting process. Caxrbon was analyzed by the Walkley-Black
method {Allison, 1965). The eompost was low in scluble Ci, Ma, and Fe
and low in clay so no correction was necesssry for these intexferemnces
(Allison, 1960). The compost was ground in a Wiley Mill using & krass
seresn so that no oxidizable iron waes iniroduced. WNitrogen was deter-
mined by conventional Kjeldahl enalysis,

Mieroblological Tesis

Periodically during the composting perisd an attenpt was made
to follow the population levels of Bacteria, actincmycetes, and fungi.
Only the center of the wimdrow at A, B, and C locations, 25, 50, and 75
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were used to zero the imstrument.

During the plating process transfers were made from microbial
colonies for future identification. Compost-extract agar, Bacto-Actino-
nycete agar, and Rose Bengal were used to screen for compest bacteria,
actinoaycetes, and fungi respectively.

Sanples for microbial analysis were collected at the same time
and location as pH and moisture samples. A hole was dug into the center
of the pile with a washed spads. Autoclaved one-pound coffee canz were
used to collect two samples at each of three locations. One sample was
used for pH and molsture determinations, and the other for microbdal
counts on undisturbed compost. A diluticn series wae prepsred on the
microbial sample using 10 g of sample. The first dilution bottle econ-
tained several dozen glass boads to aid in breaking up the compost and
nicrobial aggregates (Clark, 1965¢c). To allow plates to be poured with-
out the agar solidifying, media were prepared in three, 500 ml batches.
From each dilution, 1 ml portions were aseptically plpeted into five
sterile plates initially from the 10™ to 10”7 dilutions. When all 75
empty, sterile plates (25 plates/site) wers inoculated, then the twelve
nl of sterile medium wore aseptically added, the plates suirled to
thoroughly mix the sample with the medium and the mass allowed to
solldify.

This procedure was repeated with a bacterial medium, an actino-
nycete medium and & fungl medium. Vhen assays were nade for other mi-
crobes an identical dllution technigue was followed. The rcoutine ana-
lysis involved 225 semples. All microbes were incubated at 20-22°C,
Actinomycetes and fungl were counted at ten days, while bacteria were
counted at four days. Two series of five plates with dilutions yielding
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colony counts of 30-300 range were used in determining plate counts.
These counts wers idjusted to microbes/g dry weight using the moisture
data obtained from the same sample site.

Cnce the microblel counts were cotmpleted, transmittancles were
plotted against microbial count using the logarithm of transmittance
versus total microtial count and/or T7C concentration (Figure 9).

Characterization of Msiture Compost

Fhysical Properties

Anien-Exchange Capacity. The method of Lenhaxd, DuFlooy, and
Ross (1963) was utilized to determine anion exchange capacity. Manoxol,
sodium dioetylsulphomiceinats, was ussd to provide an anion source.

For A.E.C. measurements humic acid was chozen as the standard since it
represents the predoninant natural component of seils with high anionic
adsorption propertien, Samples included two bark-sewsge compost sam-
ples, Jiffy Mix, the Hinckley soil from the fleld site in Conle, New
Hampshire, Perlite, Canadian peat, Vermiculite, coarse and fine sand,
and twelve soils supplied by the Couneil on Soil Testing and Flant An-
alysis Laboratory, Athenms, Georgia. The procedure used followed that
of Lenhard et al. (1963) and Longwell and Maniece (1955).

Humic acid semples were weighed and tranesferzed to 250 ml Er-
lenmeyer flasks. Then, 10 Bl of 25 ppa manoxol, 90 ml of distilled
deionized water, 5 ml of neutral methylene Wlue sclutien, and 10 mi of
alkaline phosphate solution were pipetted into the flasks. After mixing
for one hour, the samples were shaken with 10 ml of chlorofezrm for cme
ninute and transferred through a glass funnel plugged with a wad of
glaze wool to the first separatory funnel. The Erlenmeyer flask was
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washed with two 5 ml washes of chlorofcrm to complete the transfer. The
wool was squeezed gently with a flattened glass rod and washed with two
5 ml chloroform waches. The geparatory funnel was then shaken for one
minute and solvents were allcwed to separate.

A gla=s rod was used {0 treak up the emulsion which formed on
the sides of the separateory funmel. The lower layer was drawn off to
a second separatory funnel. Ten ml of distilled deionized water and
5 gl of acid methylene blue were added. The separatory fumnel was then
shaken for one minute, allowed to ssparate, and the almost clear lower
layer was drawn off through a cotton wad into a2 50 ml volumetric flagk.
The separatory funnel was ghaken with three 5 ml chloroform washes until
the blue disappeared. Each time the lower layer was added to the 50 ml
flask. Finally, the flask was izought to exactly 50 al with chioroform,
inverted several times and samples drawn for colormeiric determination.
For each sample run, a water hlank was used to set 1007 transmittance
and a set of standards was run each day.

Samples were tested by the procedure used for humic ecid except
that samples of only 0.1, 0.5, 1.0, 2.2, 5.0, and 10.0 grams were used.
Yhen examination of the first separatory funnel showed that the samples
possessed high anion adsorption, so that little was leached into the
chloroform layer, smaller aliquots of wash chloroform and more washes
wers used s0 that all methylene-hlue-manoxol c¢omplex was washed in the
solid alkaline and aeid msthylene steps. Vashes were adjusted so as
not to exceed 50 ml in the final volumetric flask.

The adsorptive capacities were calculated =zs followss

Grams humic acid (at 90% of maxﬂ.mﬁa__)_ x 100
&
grams test medium
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Cation-Exchange Cspacity. Two methods were utilized to obtain

measurenents of cation-exchange capacity: <¢he ammonium saturation
method and the summation methed as described by Chapman (19652, 1965b).
In all procedures, the following test samples were used in triplicates
1) Kingnan Research Fexm, Madbury, New Hempshire, Charlton silt loam,
2) Jiffy Mix, 3) Canadian peat, U4) six-month old compost, and 5) one-
year old compost.

Water Retention. Since percent moisture had teen determined at
altes A, B, and C, at several depihs, thess values were used {0 repre-
sent percent moisture (Boilen and Giemnie, 1963). Water-holding capa-
city for the same five media used in cation exchange determinations
was estimated from the amount of water zotzined by samples placed in
Gooch crucibles wetted from below by partiz® immersion and then alleowsd
to drain to constant weight in a moisture saturated atmosphere. The
sanples were saturated by placing them in coffee cans on shelves above
shallow water. Water-saturation capacity (scluration capacity) was
conducted over water also btut was determined from welight of the satu-
rated material before any loss by gravitational drainege. Water reten-~
tion was determined after drying saturated sampleg for 48 hours over
hydrous caleium chloride (camzzéazo) at 25°C (31% relative humidity).
For sll of these determinations, tripliecate samples were used.

Chemical FProperties

Selected samples of windrow material and plant tissue material
were spectrogruphically analyzed for P, K, Ca, Mg, Na, 81, Mn, Fe, B,
Cu, 2Zn, Al, Sr, Ba, and Mo. The services of the gmctrmamc Labora-
tory at the Chio Agricultural Research and Development Center, Woeoster,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26

C(hioc were used for this phase of study. Kjeldahl analyses were also con-

ducted by conventional techniques on plant tissue and compost samples.

Microbiological Population Study

During the monitoring of the windrows for populaiion counts of
fungl, actinomycetes, and bacterla, over 100 samples had been taken of
plate colonies which appeared repeatedly for later identification.
Notes were taken as to date picked, colony color and morphology, and
medium on which they were isoclated. Later the microbe was classified
as a fungus, F; yeast, Y; actinomycete, A3 or bacterium, B.

Suspected fungal colonies were routinely spotted onto Czapek's
(C2); Czapek's 20% sucrose (CZS); Malt Extract (MX); potato dextrose
agar (PD); potato carrot dextrose agar (PCD); and if suspected to be a
yeast, Davis's yeast salt agar (DY). They were cultured at 25°C and
after two days were daily examined for two weeks to check growth and
purity. Most cultures were mixed and contamination was difficult to
eradicaie, but after several transfers pure cultures were obtained.

| Yeasts and fungl were identified to genus level using methods
of Gilman (1957), Lodder (1970), Menzies (1965), Toussoun and Nelson
(1968), Barnett and Hunter (1972), Raper end Fennell (1965), and Raper
and Thon (1949). 411 colonies were rated for color using the Ridgeway
Color Charts (1912).

The actinomycetes collected originally on Difco Actinomycete
agar and those subsequently found on Rose Bengal or soil extract agar
were brought to the active state of growth on new plates of actinomycete
medium (Clark, 1965a). Colonies were picked and streaked onto cther

selected media (Gilman, 1957) and notes taken as to rapidity of growth,
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three days, and five days. They were analyzed as previcusly described.

For initial detection and estmatd.om at three days, compost sam-
ples were tested by the accelerated proeedure :fgr Salmonella developed
by Sperber and Deibel (1969). The slower Bacteriological Analytiesl
Manual (1969a) procedure was utilized after five days of composting to
assay for Salmomella and related species. The Bactericlogical Analyti-
cal Mamual (1969b) procedure for E. coll was used in conjunction with
the standard :colifarm count procedure for recovery of fecal coliforms.
The method for recovéry of C. albicans was not standard, tmt ’followad
Wiley and Westerburg (1§69).

On the fifth dgy, growth in Selenite-Cystine (SC) and Tetrathi-
onate (Tt) broth was streaked onto standard selective media. A total
aerchbie bacteﬂa plate count was perfoxrmed on the fifth day and coclonies
picked for subsequent classification. Suspected Micrb&cc’ms and §_§_r__e;g—
't:ococc‘uvs‘ were tubed for later study using metheds from Harrigea and
HeCance (1966). Suspected Shigella eolonies from Salmomella-Shigella
agar on the fifth day of the study were subcultured to purify and then
tested with Kohn®s 2-tube media. Colomies picked from fumgli, actinomy-
éete, yeast, plate count agar, and the Sélxamella and coliform tests
'w'ére taxonomically tésted until proven tc be non-pathogenic. A search
was made for pafhogenic fungi using the methods of Hagzen, Mm, and
Reed (1970). To test for metazosns, three 10 gram samples of compost
were enulsified in 50 ml of physiclogical saline. Three 5 ml samples
were concentrated using W% zinc sulfate solution and repeated centri-
fugation as described by Wiley and Westerburg (1969). Another three
5 ml‘sample sets were incubated for twentiy-one dayz at room temperature
and concentrated by zinc sulfate flotation. Samples were examined

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



29

nicroscoplcally to view ova and viability.

v Protozoans were counted using the techniqueé of Clark and Beard
(1965) and Singh (1955) using Aerobacter asrogenes and Pssudomonas
ﬁuerescans as feed. During this estimation, microscopic search was
made for the human pathogen Entamosba vhistolm C8,

Algae were known to be present on the bark utilized in this
experiment so & cursory emimationv using thé methods of Clark md
Durrell (1965) were utilized to enumerate speciess. No attempt was
made to estimate spore survival.

Nutrition Studies

Preliminary Studles

Vhile the 100 cuble yards of bark-sewage compost was maturing,
some preliminary experiments were conducted using a less mature com~
post to dgtemine the relative importance of suspected varia.hles
affecting the énmpost as a soil replacement.

Since the windrow wés not mature, a smaller windrow was built
in the storage yard at the Rochester Main Sewer Pusping Station in
Genic. Giouna bark was satv&:ated with sswage frex the wet well of the
station and heaped into a"pne twenty feet long. The excess séwag@ was
drained off into the wet well and was piped to the lagooming system.
This material was allowed to compost only one-month (Jume-July 1972)
ut was turned at two and three weeks.

Study 1. To determine the lime requirement of the compost a
series of compost szmples were mixed with high-magnesium-limesione
(14% Mg) and pH measured. Because the compost f:mn provious testing

hed shown low magnesium and local solls were lew in magnesium a
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magnesium rich limestone was used.

Eight paired s.an;plves‘o‘f" 50 grams of moist compost were weighed.
To these samples 0, 0.1, 0.3, 0.5, 1.0, 2.0, 5.9, and 10.0 @ms of
limestone were added. All wexe saturated with 100 ml of distilled
deiox_ﬁzed water, atirzed with glass rods, allowed to settle and read
elé,ctfonetﬁcally, using glass and saturated calomel electrodes using
PH 4 and pH 7 buffers. Readings were taken at 0.5, 24, 48, and 120
hours at aa’ﬁxlent laboratory temperature -

Smdx 2. ‘The compost described above was used in a fé,cto:.’g.a:l. o
design with tomato as the test plant. Three levels of ﬁit‘?ogen (0, 9.5,
and 1.0 1bs,m,‘xoa/yd3) end potessius, (0, 0.5, and 1.0 1bs Ka/yad) and
two levels of phosphorus (0, and 2 1bs superphosph_ata/ydB ) were used.
Following inecrporation of fertilizer trestuents, tomstoes (Lycopersicus
eééﬂétﬁ@_ var. Sunset) were transplanted into prepared pots. The plants

were harvested after 8 weeks growth under greenhouse conditions.

Studv 3. When the compost.was 2% months old, two experiments
were conducted parallel to those ‘described above. ihree levels of lime
were 'eﬁployéd at higher concenirations than in Study 1. Both experi-
ments received rates of 0, 10, and 20 1bs lime/yd3 of compost. Study
3 was conducted with “organic" sources of nuirients; nitrogen was
supplied by Milorganite, 2 dried sewage sludge from Hilwaukee, Wiscon-
zin. Since Milorganite contained only 5% N compared to 35% for NH, HO

3
nore Hilergonite was used than NH“N%. Potassium was supplied by granite
meal (Hybrotite) vhich was 5.7% K compared to 52.4% for K. A rate of
9.2 times that of KCl was used. Fhosphate was supplied by rock phos-

phate and drisd sewage sludge. A rate was calculated such that total
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prhosphate was the same as that supplied im the parallel experiment using

supexrphosphate fertilization.

Study & In order to stuly the effects upon temstoes of incre-
ments of lime, an attempt was made to overcome the poér G/ ratio and
to supply HV}_, P. and K from boﬂx qxgmuc and inorganic sources o as to
sﬁmiy these ﬂ_:reé essential l_mtrie;‘lts.fm both readily and slowly
svailable sources. Tvo pounds of F, P, and K/yd> were added, half of
jeae'ﬁ nuﬁient being readily avallable and the other hélf from the slower
"organic* sources meationed. Mthe ngyj.m_as.expe:me;nta._ o

“ Lime was supplied at 0, 5, 19, 15. 20, 30, 40, 50, 60, and 7‘9
1be/yd’ in order to show pH effects. Tomatoes were direct seeded lm-
medliately after 11nestone additionm.

E! }2 Three :pwallel tomato growth experiments were con-
ducted to determine the best source of phosphate for compoats. Exg
periments by Bodrova and Ozolina (1968) hed shown thet roek phosphate
could replm the am expénsive sup@mhoaphatas as a phosphate source
when an organic-rich material was in nse Nitragen and putassium were
both supplied et rates of 2 lbs/jd” on the basis of N and K,0p lime
vas supplied at 10 lb@/ydB. In both compost and soil, ten levels of
phosphats wers supplied from two mources - rock phosphate and supez-

phosphate.

Study 6. 'mraa tonato g'owth experiments were con&ucteﬂ using
increments of ‘Lh;@e soll addi'uvaa (bentonite clay, perlite, and vermi-

enlite) to determine if such additives increase aveilability of mutri-
'ants. Bentonite, a clay mineral with high cation exchenge capacity,

was used at tmz levels with a basal applicatioa of N, P, K, and lims.
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Otner experiments were conducted using (1) perlite and (2) versiculite
m in volume/volume ratios of 0, 1/10, 2/10, 3/16. 4/10, and 5/10,
additive to compost. Five replications of each of the aforementicned
treaﬁents were employed.

Osmocote NFK Study

~ After six menths of composiing, experiments were inmitisted in
the sprin.gvof 1973. on a microbiclogically safe ?eapostu;sins a split
plot experinmtal daa:l@ ﬂain plot treataents coasiated o!' Osmocote,
& coatrelled release 14—1&-;# fertilim. applied &t rates sufficient
to supply 0, 0.14, 0.28, 0,56, 1.12, end 2.24 1bs. nm-ogen/yd of com~
post. Subplot ‘treawents consisted of biweekly am\lieations of NBuN03
solution at th.z-ee concentrations - 0, 100, and 460 ppa H. Subplet
‘treatments were mumd follwins the fimt ha.west and consisted of
250 ml appncations of ewh cf the above mmauoa solutions. Limestone
was applied at a rate eguivalent to 5 lhs/ygia . Bach tmatmeaﬁ was
zapliqated four times.

Omocota. a product manufaetared by Sierra Chemical Co., Hewark,
California, Possesses & 8. l&% amoniacal nitrogen, and 5.6% nitrate
ni‘brogen encapsnlated to pravide 10. 5% contralled release N. The
rhospherus .(P ) is dex:ived frem ammoniwm and calcium phosphatem the
potassium 15 d.ez'ived from potassium sulfate.

Bight-inch pots of 2.53 m’ were £illed with 2700 grame of molst
cormpost, fertilizer and.limstmie. and the material poured onto plastic
sheets and thoz-oushly nxed. After mixing, thé pots were repacked <o
about one inch from the top. The compost woan leveled and abtmt 450

seeds of sulan gress (Se m sudmem ver. P&par) were soun eveuly
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over the surface. The sudan grass was selegted }as’ the test plant to
allow sustained harvest during the warn smmer period. Fellowing the
seeding, about one~-fourth inch of the h:ga"ceﬂ compost wes sd.fted over
the seéds. Watering ﬁas subsequently performed to simmlate 70% field
capacity on a weight basis. At one month after seeding and every two
weeks theréaiter for 18 weeks. the grass was harvested using a cutting
ﬁamé which allowed a flat surface to be cut at about ome inch above the
pot. Samples were placed in paper bags following harvest, dried at 80°¢c
and weighed. Samples of the 4th, Bth, and 12th week harvest were ground

to pass a 4° mcsh strecm and were spectrographically analyzed.

Nitrogen Study

As soon as tissue weight and general obéervaticns nzde inter-
pretation of the Osmocote stud& possitle, it was obvious that optimum
nitrogen neceds of the plants were not being met. To provide additional
information on optimization of nitrogen, a study involving sulfur-coated
urea (SCU-30) as the mitrogen source was started. A randonized complete
block with four yeplications and ten treaménts represented the experi-
mental design. The nitrogen treatments consisted of N applied at rates
equivalent to 0, 0.1k, 0.28, 0.356, 1.12, 2.24, 3.36, 4.48, 6.72, 8.96,
and 13.44 1bs/yd> from the SCU-30 source (39.17N). All compost re-
ceived basal applications of limestome, muriate of petash, and rock
shosphate at rates equivalent to 0.5, 1.8, and 3.6 l!.!g,/gxla respectively.
s in the osmocote study, eight inch pots were used, and compost treat-
ment and seeding were as described eé.rlier. Harvests were made‘ four
weeks after planting and every twe weeks ther;eéfﬁber. Kjeldahl nitrogen
analyses were comducted on selected treatments amd spectrographic
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analysis perforsed on harvests made at the 6th end 16th week following
sceding. Kjeldahl analyses were performed on composite samples of all
replications of harvests made in the 10th, 12th, 14th, and 16th weeks
following seeding due to limited ylelds.

Potassium Study

To assess the K requirement of plants growing in the composted
sewvage~bark mixture, a randomizéd bleck experiment was set up with. re-
Plicstions and K 0 rates identical to those described under the Nitro-
gen Study. Basal rates of limestone, phosphorus, and nitrogen were
added from high-magnesium limestone, rock phosphate, and sulfur-coated
urea at rates equivalent to 5, 3.6, and 2.24 1bs/yd3 respectively,
since these represented the éppaxent optimum based on previous and con~
current reséarch. Suden grass was again used as the test plant, and
pots were prepared as described previocusly. In this study, harvests
were made as described earlier and spectrographic analysis performed
on harvests made on the 6th and 16th week following planting.

Fhogphate Study

To parallgl the nitrogen and potassium experiments a final
greenhouse randomized block study was set up vaxfymg rock phosphate
rates when limestone, N, and K,0 were applied ai basal rates of 5,
2.2i4, and 1.8 1bs/yd> respectively. Rock phosphate was applied at
eleven rates of 0, 0.5, 0.9, 1.8, 3.6, 7.2, 11.6, 14.4, 21.6, 28,7, and
43 1bs/:yd3. Crops were planted and harvested as with previous experi-
ments and the 6th and 12th weok harvests spectrographically analyzed.

R . . )
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Field Nutrition Study

This study was conducted in Gonlc, New Hampshire, with large
volumes of compost applied to field plots. The experiment consisted of
25 plots measuring 15 x 20 feet laid out over lightly harrowed coarse
sandy loam (Hinckley sandy loam). A front-end loader was used to place
150 cublc feet of compost on each plot; the compost was then raked to
about 6 inches deep by hand and 80 pounds of high-magnesium 1imesto?e
spread per plot. Five replieationg were employed with five N rates -
0, 2, 4, 8, and 16 1bs. NHuNOB/plot - to create a 5 x 5 Latin square
design. Limestone and nitrogen were tilled into the compost with about
two inches of soil being incorporated in the process. Five furrows
thirty inches apart were made per rectangie, and twenty five seeds of
sweet corn (Zea mays var. Sugar and Gold) were planted at eight inch
intervals. Seeds were covered with two inches of compost. Although

growth was pocr, selected samples were analyzed.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER IV
RESULTS AND DISCUSSION

Site Freparation and Production of Compost

In order to obtain meximum sewage holding ,,capgcity. bark and
wood waste shéuldv be as_frés_h as_po_:ssi‘hle. Microbes maisenans
to bark burst into activity and drive temperaturela‘ up within a shredded
or chipped masg of bark as soon as th:ls material 1# heaped so that if
bark is allowed to begin to compost before sewage is added some potah-
tial heat is lost. It is important to mix sewage with bark in about a
60/#0 waste to liguid ratioe whiie the carrier solid is freshly éhipped
and dry so that the bark is wet enough.to enccuiage rap:!’.dv microﬁial
activity tut not so wet as to allow anaerblosis. Fractical observation
concerning ccmpost handling, transport and site reguirements are dis-

cuszed subseguently.

Monitoring of Windrous

Meteorclogicel Monitoring

Examination of the subsoll moistuie data revealed that the
upper layers of soil bemeath both the windrow and field are usually
more moist than the lower layers. In ome several day pericd (after 30
days composting), the soil beneath the windrow was equally dry at depths
of one, two aﬁd three feet showing that moeisture had been drawn uﬁ into
the windrow. At the begimning of coaﬁostlng there was a noticeable flux
of molsture moving from the ,,base’ of tﬁe windrow into the soil; fhg

36
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moisture levels at one aad two feet beneath the windrow were mate.
than that in the field at the same depth. ﬂoisture levels at three
feet remained rather constant at both the field location and the windrow
locatloﬁ. el though moisture was drawn ﬁﬁard beneath the windrow at some
points. Durimg ene pericd (56-80 days) moisture again fluxed downward
into the soil from the windrow tut reached less than _taﬁ feet. It was
possible to conclude thats |

1. During the initial saturated state, moisture frem the
windrow reaches & depth of three feet.

2. HMoisture moved both upward from the subsoil toward the
windrow and downward during rainy periods into the subsollj
at no time during this experiment was there a coantinuocus
flux downward from the windorw to leach nntrients from the
windrow into the water table.

3

centretions are sumerized in Teble 5. The initial HO,-N and 20,”" con-

centrations. beneath the windrow were lower than in the field. On later

Suction lysimeter samples for NO.-N, mﬁ', g5, @, ana Fe- eon-

dates the NO,” and K’ were more concemtrated bensath the windrow than in
the adjacent field. FPhosphate and iron in the compost mixture (contri-
buted from the sewage to scme degree) appeared to be rotained in the ‘pileg
possibly due to the high eatiom exchange characteristics of the compost.
The coapost remained moist throughout the pericd of maturation
at all depths, leveling off at about 45% molstwre durimg winter months
when 1itile evaporaticn loss apparently occurred while the pile was
frozen or saow covered (Note Figure 4).' At six imch depths, drying by
evaporation was pronounced and moisture fluctuated moderately. 4t the
one and one half and three foot levels, molsture fluctuations was mini-
mal. In the fall months, the moisture again remained elom to 45%
equilibrium state. Moleture content at one and ome half feet was only

about 2% less than that at three feet even when the surface was much
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Table 5. Chemical constituents of sub-soil suctlon 1ysimeter samples from selected field and windrow sites
over the composting period September 9, 1973 to December 26, 1973. Values represent one field
sample and an average of three windrow samples expressed as ppm of the respective elements.

NO_~N PO, 7~ K a- T3

Date Field _ wWindrow Field _ Windrow Field _ Windrow Field __ Windrow Field ___ Windrow
9/19 300 180 .08 .04 3 2.9 b 6 0.2 0.2
9/26 17 350 .20 .18 2.5 6.0 2 6 0.5 0.2
10/10 100 520 .18 .16 3 8.0 2 4 0.5 0.2
10/17 170 700 .15 .13 3.3 9.0 2 2 0.3 0.2
10/24 140 470 .17 .16 3.9 10.1 4 L 0.4 0.1
10/41 90 320 .18 .16 4,0 11.3 2 2 0.4 0.1
11/7 30 470 .19 W17 4,0 12.6 b 4 0.7 0.2
11/13 38 200 .20 .18 3.3 14,2 2 2 0.5 0.2
11/21 250 720 .08 .04 5.0 12.5 L b 0.4 0.2
11/28 170 620 .17 .16 5.1 11.9 4 L 0.5 0.2
12/5 320 780 .08 .02 5.5 10.7 2 b 0.3 0.1
12/12 540 800 .02 .02 6.1 9.0 b 2 0.4 0.2
12/19 540 500 .02 .02 5.3 8,0 2 2 0.5 0.2
12/26 490 720 .08 .0b 5.0 6.6 4 2 0.5 0.1

Mean 228 _525 +13 .11 h.2 9.5 3 3 0.4 0.2
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more dry than the interior. A distinct moisture decrease within the win-
drow occurred during the first ten days of composting. Part of this
moisture appeared, as noted in leachate studies, in subsurface molstuxe

flux.

Temgerafure. Changes in temperature of the compost mixture
during the 0 - 110 days is illustrated in Figure 5. Pasteurization
tenperatures were attained during the early stages of composting with

subsequent temperatures never going beyond 120°F.
Chemical Tests

pH_and Oxygen. Data reflecting changes in pH and oxygen tension
are plotted on Figure 6. The inverse relationship beiween oxygen utili-
zatlon and changes in hydrogen ion activity, which this plot illustrates,
results from the production of organic acids by the microbes which re-
quire utilization of oxygen during their exponential phase of growth.
Lowest pH occurred a few days after construction or tuening of the win-
drow, reflecting the great mmms in sicrobial activity. The growth
of bacterla initially caused a slow decrease in oxygen tension, but as
their numbsrs increase the oxygen tension drops, and this in turn slews
their growth. The production of organic acids by the microbess decreases
pHs as microbial activity decreases, the pH rises, because the orgenic
aclds are utilized by other microbes end in reactions with inorganic
materials. It is noileworthy that pH changes lag behind the corres-
ponding cause - the aeration btrought about by the turning of the win-
drow. Furthermore, oxygen tenslen always romained above 90 mm pressure
g0 that the windrow interior remained asrobdlc even during winter months.

At the end of the maturation process, pH and oxygen tension
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appear to reach steedy values refleciing the usags by the microbes

of most of the soluble carbom sources, the attainment of a stable c/x
ratio, moisture content, and the evolution of & climsx microbisl popu-
lation of bacteria, actineiycet‘es-and fungl.

Cé.'rbbzi'-mtr_c_@. n Ratio. ‘While undecomposed fresh bark possessed
c/n ratios between 200 and'350, depending upon spaoieé and time since
the material left the debarkers, the ‘fi‘rst‘s;nmples.of bark-sewage com-
post, takexi after three day'sﬁ of composting, had ratios ranging from 69
to 76, Figure 7 shows the vaivea_of_samplef’sf tésisd over time. Final
C/F ratios efter fifty weeks of composting were 16.5 to0 19.2. Vhen the
G/ ratio of compost 1s plotted ‘agednst time of composting, the slope
between points A and B, C and D, and E and P are steep corresponding to
rapid microbial degraﬁatiaa. A slight reduction in carbon uﬁlization
cecmed when windrows were turped, aml after peint F, the rate of de-
composition becomes relatively stable. 'naevchange in O/N ratio from
the 15th to the 50th week of composting is oaly about il mﬂ.ts. from 30
to 19, while there is a 45 untt_diop ‘from the third day of composting
until point F is reached. ‘mﬁg. there are two stages of the composting
process - a relatively rapid perdied of ﬂacon‘iposition}fo.llowad by &
alower maturation point. If a C/N ratio less than 20 is te be ob-
tained, gemerally considered to be necessary to p:eve;rt nitrogen de-
ficiancy, m;ﬁexal additioéal months should e allowed for further
maturation or the windrow turmed one or two more times (Cray, Shermenm,
and Biddlestome, 1971). Underthe cdadit_ﬂ.ems of this study, supple-
mental ﬁitrogen. is needed to avold a mitrogen étress when such compost
is used as a plant growth media. 'Ihe qumtitative requiment for
nitrogen in plant nutritien s’mdies is diacu-sed in a later ssction

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



"uoissiwliad 1noypm paudiyosd uononpoladas Joyung saumo WbBuAdoo ayj jo uoissiwiad ypm paonpoiday

1007

S5H

COMPOST

TURNED
&
MIXED

\

l\ UNDECOMPOSED FRESH BARK C/N = 200 TO 350

.
5 1%
Q. - } ¢
S 60 ﬁ
3 g0
. N
o]

45t o
o o |
= N0 f,
P o\?
Z 3ok PERIOD ° Vs e J
3 g _ OF - PERIOD OF SLOW MATURATION —
e RAPID — o '
- COMPOSTING 8
= -]
- 8
S Ist
[vs]
&
(8]

o ] ] [} 1 1

10 20 30 40

FIG.7 CHANGE OF CARBON-NITROGEN RATIO WITHIN WINDROW COMPOST DURING COMPOSTING.

WEEKS COMPOSTING



b5

of this paper.

Microbiological Tests

Teble 6 shows the microbial population of selected organisms
during the composting period as well as transmittance date relating to
the triphenylformazan reaction for microbial activity. Figure 8 illus-
trates the fluctuation of microbial population during composting. The
TFF test provided a convenient index of microblal activity during the

From the mierobiological data, the following general conclusions
may be mades

1. During the initial stages of composting, when solubtle
components (sugars, alcchols, acids, and proteins) are
available, bacterlia dominate as the principle micrcbes
within the compost. '

2. Turning the compost encourages bacterial activity.

3. Toward the end of the composting perioed bacterial
activity drops relative tc that of actinomycetes and fungi,
but numerically, the bacteria remain the dominant 1ife form
in the compost.

Cf special note are the data obtalned from the triphenylferma=-
zan test for microblal activity which 1s depicted in Figwre 9. This
enzyme assay, used carefully in conjunction with microbe ccunis to ob-
tain standard curves, should be of significant value in assessing micro-
bial activity within compost during the processing peried. The method
is faster, casier and less expensive than the plate count technique end

within 24 hours will give information necessary to judge turning time

or pathogen status.
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Table 6. Microbial population during the composting period September
17, 1973 to December 26, 1973. Values represent the mean of
five replications.

DAYS OF ORGANISM POFULATION (x 10 [5 dry comgpst)
DATE COMPOSTING ACTINOMYCETBS FUNGI  BACTERIA

9/17 1 .19 .01 .25 45
9/19 3 .34 .05 1.14 1.53
9/26 10 .56 .07 5.51 6.1k
10/10 24 48 .18 1.73 2.39
10/17 31 .39 2l .35 .98
10/22 WINDROW TURNED

10/24 38 .18 .13 2,29 2.60
10/31 45 .36 .06 1.51 1.93
11/7 52 40 .08 1.02 1.50
11/13 58 .18 Ok .78 1.01
11/21 66 17 .03 45 .65
11/23 WINDROW TURNED

11/28 73 .15 04 1.2% 1.43
12/5 80 .12 .02 .57 71
12/12 87 .07 .02 .36 45
12/19 ol .08 .02 .20 .30
12/26 101 .07 .03 .15 24
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Characterization of Mature Compost

Physical Properties

Anion Exchange CagacitngEcz. Following techniques of Lenhard
et al. (1963), a plot of milligrams adsorbed manoxcl versis weight of
sample material was constructed for humic acid and selected soil and
compost materials (Figure 10). When the 90% of maximum adsorption
line for humic acid was drawn, a value of 0.225 mg adsorbed manoxol
was obtained; similar curves for other media were then established from
experimental data. The weight of these materials required to absorb
the same amount of manoxol as humic acid at 90% of maximum adsorption
was then determined. The adsorption capacities of the varlous test

media were calculated as followss

%xwo--mc

where, HA = grams of humlc acid which absorbed 0.225 mg manoxol,

and, TV = grams of test s0il medium which absorbed 0.225 mg manoxol.
4 value of 0.225 mg manoxol was chosen because it was 90% of

the maximum value 6f manoxol absorbed by the humic acid. The maximum

amount of manoxol absorbed by humic acid was 0.250 mg.

For one~year old compost the AEC was calculeted as followss

smc = 22 (100) = —g-:—% (100) = 13.3%
where, grams humic acid which absorbed 0.225 mg manoxel = 0.5, and,
grans one-year old compost which absorbed 0.225 mg manoxol = 3.75.
The anion exchange capacities represent the relative absorp-
tion efficiency of a given soil medium compared to humic acid. These

values are glven in Table 7. 'The organic-rich media show markedly
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Table 7.

51

Selected chemical characteristics of some agricultural growing
media. Values represent the mean of three samples.

Cation Total Ex-~ Exchangees Summatlon Anion Ex~
Exchange changeable able Acid- (TEA change
Capacity  Bases (TEA) ity (EA) % EA) Capacity
Sample meg/100 grams %
Soil (Charl-
ton silt
loam) 19.6 13.3 3.9 17.2 5.0
Jiffy-Mix 113.5 91.6 27.3 118.9 S.5
Pzat 108.8 142.3 29.6 k1.9 15.4
6-Month
Compost 37.5 57.6 16.9 74, 6.5
1-Year
Compost 76.5 74.0 21.6 95.6 13.3
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higher values in AEC than n.‘-.nerf\l rich soils; Canadian peat and one-year
old compost ahcw néaz'ly identieal a.ns.on exchange valuea. »Jiffy-mix. a
widely used comercially available potting media showed AEC values in-
termediate between mineral so:lls and compost or peat moss. Ba.sed on
these data. thq high AEC of compost is notaworthy m.tl;nt it favorably
compares with the AEC of peat, the most widely used organic 80l amend-

ment for eoaditioning purposes.

Cation kchm_zée cagacitxj ‘g cﬁcz. Cation exchange capacity was

determined by the ammonium acetate method (Chapman, 19652) and also by

sumning the exchangeable bases and exchange acldity (Chapmen, 1965b).
Jiffy-Mix and peat moas showed the hi@est éation exchenge cepa-

‘citiess compost possessed cation exchange capacities intermediate be-

tween peat and soil.

Water Re‘ben’ciom Compost samples showed high values of water
retention as displayed by soluration capaecity, drained capacity ah¢
water rétexhiioh at 31% relative humidity (Tablé 8). 'me hi@n solura-
, ﬁon capag.i_ty of organic materiel reflects the high porosity of such

media. Jiffy-Mix and peat possessed noticea‘hly higher values for the

above pazametérs compared to compost.

Chemical Properties

Analyses for bark and bark-sewage composts are shown in Table
. Levels of mitrogen, phosphorus end gine were not increased (appre-
c_ia.bly). Maggeéim was increased by about 100%; this incresse is
desirable if the coupdst is uged in New &xgland where solls are gen~
erelly deficient in this important element. Molyblenum content was

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



53

Table 8. Water retention characteristics of selected agriculturidl grow~
ing media. Values are expressed as % water content on a dry
welght basis and represent the mean of three replications.

Soluration Capa- Drained Capaclty, Water Retention,

Sample city, % H,0 % H,0 ® 31 % RH
Soil (Charlton

silt loam) 37 33 6
Jiffy-Mix 1189 695 41
Peat 1343 735 43
Compost=6 month 443 188 25
Compost-1 year 518 223 40
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increased about 200% to 2 levcl above that expectad in garden soils
(Baker. 1957). Iron and copper levels increased about 400% tut remained
lower than the ,hack_;sround.levela in garden soil. 'Siliqén and alui_inum
were increased about 800% ﬁ-om low values to modest values. The addi-
tion of mewage to bark did.aat increase levels of K, Ca, Na, Hﬁz. B, Sr.
and Ba sinecs the bark was richer in these elements than was the sewage. |
In this experiment the sawage contained low levals of macroe and micro
nutrients and oaly trace amounts of Zn, Mn, and Cu. The addition of
sewage improved the mutrient status of the compost, but its mein fanc-
tion was to provide moisture and organic su‘;;strafe to encourage rapid
microbial act:lvify.

Specti'olgréphh: analysis of field compost samples showed that
nitrogen additions under fleld conéitions did not significantly in-
creass perceut nitrogea in the surfacs six 1nches. Hitrogen addi'r‘.ions
up to 800 1bs. NHuNO3/me increased son nltrcgen levels from 0.55 to
0.69 percent, the highest soil nitrogen level being lower than that
expected in garden soil which should test 1 to 1.5% nitrogen. The
percentages of f, K, and Mg were 0.13, 1.00, ama ﬁ.;j. respectﬁ_e}y,
which were adequate for garden soil.‘ Calcium smalyzed 0.72%, 5 value
loss than the scceptable 1.5% level. The trace elements Mn, Fe, B, Cu,
7n, A1, and Mo, were present at ppm values ofs 193.2, 1033.6, 14.6,
19.6, 69.6, 1100.6, and 3@ mapaetimiy. These slements é:?dswd at
concentrations consistent with average values reported by Mori':'vedt,
Gicrdano, and madaay (1972). Both vark snd compost were #ich in boron.
Vith the increased use of borates in detergents and in industry, & tox-
leity could result if boron ascumulates in the humis of soil, as found
by Hasler and Zaber (1966). Normal soil boron levels range from 7 to
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80 ppm (Giapman, 1966) so thet toxle effects are wlikely wnen the con-
post 1s t1lled into soil already low in boron. No test was nade for co-
balt, but 1t is known that ferromagnetic alloy pollution wastes contri-
bate this element to Rochester sevage. Since the agricultursl lands
nea.r‘n& ghow markedly low cobalt content, (Kgboﬁ. 19’54). the compost
used es o plant growth medium could help to, Frevent cobalt @eficiencies
in iivestock. |

Microbiologiosl Fopulation Study

Initially 211 isolates of bacteria, actinomycetes, and fungl
were ob‘f.ainéd froﬁ the many plates mede availlable 'by the population
study. Those organisms wh;eh were found only at the beginning of com-
posting oi: found only occaéionally on plates were arb:,ltxa.rily clasaified
as trancient microbes. These are tabulated in Appendix Table 1. Crgen-
isme consistently present':ln the compost are shmm in fppendix Table 2.
Bwter?.al representatives of the class Schizophyceae mdadea nemnbers
of only three érderse Pseudomonadales, Eubaeteraalas{ and Actinomycs~
tales. By far the most mmérmis were ?mndomonédg.

Hamatodeé wers present throughmlt the wﬂ.f_ndroaing stage and m
the final compost. Time did not permit complete search and classifica-
tion of those nematodes m@#zat&d in the funnel technique. Those found
included &chobimraua spacles such as m_szms.ms,m Asrobeles and phy-
tophagus species such as Aphelenchoides and D_ggzlaimus. -

The resulis of monitoring proa#dnrés for the indicator organiems

ESéher:.chia coll, Salmmelia heldleberg, and Candide slbicans are dis-
played in Table 9. The sswage displayed & high coliform count, ut most
were not enteric forms, the E coil. count being less than one-tenth the

coliform count. S@ihmila species were found i._n the sewage at low
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Table 9. Population of pathogenic microorganisms within seeded compost,
in unseeded samples of ¢ompost, and in other selected material
used in compost construction. Values are given in microbes/
gram dry welght of sample (solids), or as microbes/ml (1igquids).

Organism¥* Candida

Sample E. coli Salmonella sp. albicans Coliforms
Ground Bark 0 0 ' 0 0
Sewage; Roches- 7 8
ter, N. H. 1.7 x 10 137 7 forms 3.6 x 10
Seeded Samplest
8 8 8 6

Inoculant 3.5 x 10 3.2 x 10 2.4 x 10 2.6 x 10
Initial Com~- 6 6 6 6

post 2.5 x 10 2.8 x 10 2.2 x10 2.6 x 10
Compost-24 hrs. 11 130 620 72
Compost=-36 hrs. 0 0 0 0
Unse‘eded Sampless

Initial Com~ 5 6

post 1.4 x 10 i2 i 2.0 x 10
Compost~2l hrs. 213 3 0 1.7 % 10°
Compost~-36 hrs. 0 0 0 ‘ 0

* Tests were negative for the genera’ Shigella, Micrococcus, and Strepto-
coccus. ~ : :
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levels; Candida was alzo found btut in smaller numbers than Salmonella
bacteria. The initial compost contained over two million cells per
gram dry weight of each of the inoculated species. Within 24 hours the
pathogen levels were reduced 1000-fold and by the end of a 36 howr per-
iod the pathogens had been destroyed. Had sampling been more extensive,
pathogens may have been found near the outside of the windrow for an
extended period, tut time and the overturning of the windrow must have
completed their destruction since they were not found later when the

nature compost was characteriged microtdally.

Rutrition Studles

Preliminary Studies

Study 1. The relatively high rates of high-nagnesium limestone
application to moist undecomposed bark cauces substantial pH change
(Figure 11). One gram of limestone per 50 grams of moist bark is equive
slent to about 22 1bs/yd’. Between 2.2 and 22 pounds of limestone
application, the pH at 120 hours was elevated only about one units
another ten-fold addition of limestone produced an additional two pH
units of change within the 120 houwr test peried. UWhile the initial pH
may be increased following addition of limestone, the pH continuvously
decreases due to the extreme 2¢id nature of the dark. Increase and
stabllization of pH is beneficial for those crops not asclimated to the
equilibrium pH value of 5.5 - 6. For liming to be effective im an acld
compost it must be applied well in advance of seeding a ecrop. If a

value of greumd PH 7 is needed a rate of 22 1bs/yd3 is requirsd, but 2

minimum of 5 1bs/yd> should e mixed into the compost both to improve
PH and to add calcium and nagnesium.
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Stédz 2. When tomatoes werse directly seeded into ‘the _above
undecmpésed medium, severs stunting occurred. The protlen appeared
directly related to extremely low pH and insufficient nitrogen.

Stu{ﬁzv ' 2' . ‘Ibis study, involving a cursory study of simt-rele_ase
nutvient sourcesj Asewaeaéludsa. granite dust, and rack;fhoaphate; con-
t:lnned to pi‘odue_e exceedingly poor growth of tomato plants. Both 1§ﬁ |
and‘ high fértﬂizaﬁoé rafes yielded poor plants and symptoms appeared
related to low ﬁﬂ and nitrogen déficﬁ.eﬁcy.

Study 4. The follage dry welght of tomato plants as influenced
by incressing increments of limestone additicn to the undecomposed berk
is 1llustrated in Plgure 12. Foliage dry weight was utilized as the
response in these stud!.és b@caﬁse '&is iva:r:i.ahle directly relates to.
ultimste frult yleld. Teseto plant yleld increased up to and including
2 limestone eddition of 10 1be/yd>.

Stnd‘x 5 . This study was concermed with evaluation of phosphate
source for growth enhancement of tomatoes when applied at varying .fatés
to undeedmposed bark-gewage mixtures. Figure i3 illustrates the dis-
tinct benefit of applied P50 up to 26.6 1bs/yd3 from superphosphate
and up to 40 1bs/yd3 from rock phosphate sources. Plant growih dimin-

ished at rates of phosphate application beyond these above levels.

Study 6. The results of this study, relatisg to incrememtal
sddition of vemicni‘ita, perlite, and bentonite clay to undecomposed
bark-cewege medivm are shown in Flgure 14. | | | |

Tomato ylelds increased with addition of the above amendments
up %o & linit; greatest average yleld occurred when either vermiculite
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or perlite were added on the basis of 1:5 volume/volume ratio. Greatest
benefit was shown with the addition of perlite compared to vermiculite
and clay. Clay addition produced the lowest relative benefii compared
to the other additaments. Nitrogen deficlency céntinuad to exist in the
plants; further studies are needed to determine the contribution of
these additements to a bark compost in terms of benefit/cost relatione
ships and specific aspects of improved soll chemiecal behavior.

Osmocote NPK Study

The controllederelease 1l4-i4-14 grade of Osmocote was incorpo®
rated with the cemposted bark-sewage prior to seeding with Sudan grass.
Visually discerniiile effects were noted on grass growth fellowing treat-
ment with as 1little as 0.14 1bs N/yd3 of cempost from Osmocote (Appen-
dix Table 3). The nitrogen requirement for optinmum or maximum growth
was not met however, even at a level of 2.24 1bs Oamocote/yﬁB. The re=
sults of Osmocote treatment and subplot effects of supplemental nitro-
gen on crop yield are given in Appendix Table 4.

Kjeldahl analysis of the grass tissue from three harvests is
sumnarized in Figure 15. Harked increase in percent N in plant tissue
was obtained with the 1.12 and 2.24 1bs N/yd3 compared with lower rates;
however, yield data tend to show that optimum ¥ levels still have not
been achieved in the compost.

The composition of N, P, end X in the Sudan grass foliage was
influenced by Osmocote {treatments, data for which are glven in Table
10,

No significant effects were noted from the subplot nitrogen
treatments. Figure 16 shows photographic evidence of main plot Osmocote
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Table 10.

65

Elemental concentrations of sudan grass foliage on the 8th
week following planting as influenced by differential rates
of Osmocote (14~14~-14) application. Values represent the
mean of three replications. '

Osmocote Rate, Elemental Concentrations, %

1bs/ydl Nitrogen Phosphorus Potassium
0 i o peted
4 1.64 R 2.64
.28 1.63 .37 2.46
.56 1.93 47 2.70
1,12 2.64 .67 3.32
2,24 3.15 .84 3.80
L&D
.05

.26 .09 «32

* Limited sample size prevented Kjeldahl analysis of tissue.
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effects on Sudan grass growth. Figure 16A shows the gradient of effects
if pots are an-anged in crder of decreasing Osnocote rate from left to
right on t.he g’eenhouse beneia. Figure 16B shows the g:rowth rate ‘of the
control, 0.28 1bs N/ya3, end 1.12 1bs N/yd3 trestaents. Figure 16¢
‘shows the eatire spectrum of @owth of &xdan grass in’ compost supplied ,
with increasing a.nounts of Omocote snpplying nitrogen from 0 - 2.24

1bs/ya’.

Nitrogen Study

\
[

Yield data showing the influence of sulfur-coated urea on dry
welght of Sudan grass at nine harvest dates are shown in Appendix Tables
5and 6. Figure 17 displays graphically the influence of sulfur-coated
.urea on Sudan grass hmeéts. In all cases growth rate beyond the
sixth week drops oﬂ’ rapidly.

Relatively rapid nitrogen depletion of the medium apperently
cccurred in successive harvests at the lower rates of applie@ nitrogen.
Highest yield at the 6tk aeék after planting occurred with the '3.:36 1b.
;'af;e 61' applieci N3 highest yieida of grass were maintained for about
two months with the sulfur-coated urea; less solnbie K éaterials are
warranted for use with this compost for, luﬁg-tam planting.

‘ihe tissue levels of N in Sudan graas foli‘age for selected
haxrvests are given in Appendix Tatle 4. Appendix Table 7 chows tlssue
levels of other elements. Using nitrogem levels between 1; 5 and 2.5%
(Tatle 11) as ressonable internediste valuss for sudan grass tissue,
it is apparent that the three lower levels of nitrééen treatment do
not maintain adequate nitrogen far_ the twenty week growth periocd. How-
ever the highest tréataant Produced ﬁnordinétely high tissue nitrogen

levels.
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(c)

Figure 16. Fho aphs show the influence of incremental additionm
t to 3@“ czln‘apost o;ngmocote controlled-relem fertuizer
upon growth of Suden grass. Values shown represeat nitro-
gen level in ated with bark-sewage compost on the
basis of 1lbs N/yd.
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Table 11. Comparisons of tlssue, compost, and soll nutrient levels of slxteen selected elements.

7 i i
Tissue Tissue Tissue % Municipal ';
Defieierécy Intermed%ate Toxic a Sudan Composg & Bark-Sew&ge Gardeg
Element Level Level Level Tissue Sludge Compost Solil” -
Nitrogen (total) 1.5 1.5-2.5 4,0 1.43 .94 «5~.7 1-1.5
Potassium -0.25-1.5 1.5-3.0 5.0 2.38 .28 e5-.7 1-1.5
Phosphorus 0.05-0.15 0.25-0.35 0.6 b .28 1-.15 0.1-0.2
Calcium 0015‘0-30 0n3-005 5.0 u58 1-""1 03-08 1.5
Hagnesium Oo 10"0| 25 0025"’0.75 1.0 036 1056 01“'0 25 -1
Sodium not req'd --10% NaCl solution toxic-- .05 42 .01 .01
Silicon not req'd —— —— .18 — S .9=1.5 30-90
variable
ppm

Manganese 2-20 50--400 500-1000 81 300 140-220 20-50
Irén 20-60 60-=200 500 495 10,700 100-1050 100
Boron 5-20 30-150 100-1000 26 5 12-15 50
Copper 2-3 5-20 50-100 27 500 15=-30 10
Zinc 5-15 20-150 200-500 52 50 50-75 30
Aluninum (exch) not req'd 500 1000 542 11,900 1100-1200 100
Strontium - not reqg'd 5-50 400 34 ——— 20-40 5
Molybdenum 0.01-0.15 0.25-1.5 5 1.77 ——— <30 2
Barium not req'd ~ 5-140 100 26 — 30-60 5

a. Composite from Sauchelli (1965), Kilmer, Younts c. Johnson Clty Municipal refuse, Kupchick,

and Brady (1968), and Mortvedt et al. (1972), Chap- (1966)
man, (1966), and Gauch (1972) d. Table 4, this report
b. Nitrogen study; control e. Composite from Baker, (1957), Gauch,

(1972), and Macdonald, (1973).
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Table 12 displays the tissue analysis data in three parts, ele-
ments supplied at correct levels, clements supplied at low levels, and
elements suppliegl at possibly dengercus levels. Magnesium tissue levels
were at six weeks below a reascmsble intermediste valus of 0.26%, tut
not quite at deficlency level of 0.18%; additional magnesium should be
applied to ths compost. This situation, again, emphasigzes the need for
dolomitic rather than calecitic lime and reflects the interaction between
Ca and Mg catiens at low pl values (Tisdale and Nelson, 1966). Irom and
aluminua were found at high tissue levels as a\result of their solubil-
ity at low pH. Aluminum was found at close to toxic levels in some ils-
sue, and its effect as & root poison should mot o oﬁerlooked. High
alupinum uptake is common in healthy plants (Chapman, 1966) end is to
be expected at low pH. HNinimum aluminum solubility is found betweenm pH
5.8 and 7.0 so that adequate liming should minimize the effects of alum-
inum. Values of irom in tissue are alno;mally high, but not so high as
to suspect a toxic reaction, Chapman (1966) discusses the possibtility
of dust contamination of sgaples and Ipoints out that iron concsntration

b timeg that of the soil im which the plant

in leaf tissue 1= 1072 to 10
grows. Since the compost displayed values of between 100 and 1050 ppm
iron the values obtained in this study appear to be higher than expected.
Molybdenum was found at higher than ncrmal concentration in leaf tissue
but not at toxic levels. Chapman (1966) reports tissue values of 372
prm Mo after foliage application of fertilizer without noticeable effect.
Values of 100 to 2000 ppm Mo are evidently required to cause toxicity
syaptons.

Exapination of the statistical data displayed in Appendix Table

7 shows that P, Na, Si, Cu, and Mo levels in the tissue were not
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Table 12. A comparison of the concentrations of twelve elements found
in Sudan grass tissue to those levels found in normal Sudan
grass. Vealues are from Chapman (1966), a; Gauch (1972), b
and Mortvedt et al. (1972), c; for percent or ppm on dry
weight basis. Where Sudan grass values were not avallable
corn values were utilized. I, supplied at correct levels;
II, supplied at low levels; and IIL, supplied at possibly
dangerous levels.

Elenent Supply level HNormal Tissue Source Sudan Grass
Tissue
N % I 1.5-2.5 a,b 2.18-3.86
P % I 0.13-0.48 a 0.30-0.46
K % I 1.50=-3.00 a,b 2.18-3.29
Ca % I 0,38-0.80 a,b Ooli4~1.07
3 ppm I 30-150 a,c 30-61
Mn ppm I 20-500 a,c 91-185
Zn Ppm I 16~150 a,c 66~93
Cu Ppm I 5 =20 a,c 11-14.5
Mg % IT 0.26-0.75 a 0.16-0.49
Fe ppm 111 50-200 a,c 323-946
Mo jeyon! 11T 0.1-0.5 a,c 0.87-4.73
Al Ppm III 1000 c 08-918
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( sisﬁificaatly changed by increasing nitrogen application rate. Pota,s;-
sium, magnesium, gine, and to soae extent copper conbentrqtions in the
tissue were fmnid to be highest when ﬁitrogcn rates were also high.
Hangan,eée and iron tissue leveis were depresced by the high nitrogen
coneentratiogé throughout the studys calcium was at first depressed and
then as nitrogen was utilized calcium uptake increased. Boron, slumi-
num, strontium, and barium were slightly depressed when soil nitrogen

levels were high.

Potassium Study

Yizld data showing the influence of mtmeasmg increments of
applied potassium on dry weight of sudan grass at nime harvest dates
appear in Appendix Table 5 and are graphically preseated im Figure 18.
The highest sustainsd ylelds occurred st the 1.12 1b/yd” rate of applied
K,0. After 18 weeks, all ylelds were low, indicating depletion of
nutrients, Of primaxry sigﬁiﬂcance, however, is the lack of difference
botween levels of applied K,0 during the early steges of the experiment.
The data from the previous nitrogen atudy and this‘ dats would tend to
show that the compost 1s amply supplyiag potassium to the plants and
supplemental K is of questionable value except for lomg-term croppiag.
Jrzs*sne“ analysis data for the 6th and 1k4th weekly harvest period are
Tlgi‘fenz-"in Appendix Table 8. At low potassium rates no K deficiency nor
toxicity is shown; the nutritional needs of the sudan grass for K were
met. Flant growth was likely inhikited, however, by the i-elatii?ely
short days experienmd during the fall paried.

At & rate higher than 1.12 .LbB/YdB of K,0 the data tend to show
evidence of salt stress (Tisdale and Nelson, 1966). Conductivity tests
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were made on samples receiving 0, 0.14, 1.12, 2.24, and 13.44 1bs KZO/
ygl3 and showed values (1 x 10™ mhos) of 9, 15, 156, 310, and 520 re-
sbectively. Such readings ave streng evidence that the highest potas-
sium raté is creating severe salt stress on the piants from the applied
KCl even if the meditim is a highly buffered system.
Duncan®s Test was utilized te determine which treatment produced

 significantly different elemental tissue level analyses. High potassium
fertilization rateé often cause depression of both calelum and magnesium
in tissue (Kilmer, Younts, and Bra&y, 1968). ‘The expected derression
of magnesium was found, but calcium levels were erratic. Manganese
tissue concentration increased significantly with increasing potassium
application.

Maas, Moore, and Mason (1969) found that caleium amd magnesiun
levieg affect uptake oif Bangsnese. Increasing Mg decreased a’asorptieu
of Mn, tut Ca by itself had no effect upon Mr uptake by excised barley
roots. The increased Mn found at high cencentration of K may be the
result of depression of Mg, which in this study resulted in higher Na

levels.

Phosphate Study

The influence of increasing increments of phophorus applied to
cempost from rock phosphats on t;:a.dzggeigiat. of avdan grass feliage
1s graphically displayed in Figure 19, and the mumerieal data cre tabe
ulated irn Appendix ':aue 6. Data from this study indicate that R0,
rates of 1.12 and 2.24 1bs/ya> produced the highest plant yields al-

- though no sharp demarcation exlats between low end high pﬁosphma
application rates. FPhosphorus applications greater than 2.2% lbs/ya’
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cauged very slight depression ir ylelds relative to the pronounced
effects noted with the highest ievela of vn;trogen and potassiun.' | 'H.s-
sue analysis data,for-tbe 6th and 12th ﬁe'ekly‘ha.rvest pexdod az-e-‘given
1in Appendix Table §. Percent P in grass tissué wes not significently
increased at the highest levels of applied P indicating that the com-
post was furnishing the plants with adequate amounts of this element
for sustained prodnction. It is conjaétured that microblal metabolic
action prosiueed organic acids which u'ansformad the rela.tively inaolu-
tle rock phosphate to a slow acting tut reliable phosphate SOUTCB.
Similar results were found in Russian composting studles (Boarova and
Ozolina, 1968). No mutrieat deﬁ&enc‘l.és nor toxicities were found at
moderate P 05 appncat:.on rates. Iren and uoly‘aaenum were found at
higher than expected levels in tlssue which refleets their increassd
availability under the microbiclogically active condition extstent 1a
this medium.

In both -l".heA potassium and the phosphmé studies a molybienum-
phosphorue interaction may exist. Molybdenum uptake iz emhanced by high
phosphorus levels (Gi'eemmdd and Hallsworth, 1960). Holybdemum abzorp-
tion and its subsequent release from root cells into the trenslocation
eysten is stimalated by phosphorus beceuse, s moted by Mortvedt et al.
(1972), the phosphomolybdate anion is readily absorbed by the plant roots.

Iron and molytdenum interact by mechanisms which can have
either beneficial or detrimenial effects. With adequate molybdenum,
the reduction of irea necgsmy for translocation is accomplished, but
at very high molyldenum concentraticne, iron-molytdate cempiexes msy
‘precipitate and iron chiorosis may result (CGerloff, Stout, and Jomes,
1959). 'n:{e compost apparently supplied both iron and molybienum at
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modest levels since iron chlorosis did not occur. Evidently the compost

supplied adeguate molybdenum, but not so much as to cause toxic effects.

Field Nutrition Study

Field studies with corn grown on compost with increasing incre-
ments of nitrogen from emmonium nitrate (Tahle 13) indicate that maximum
production was obtained at a nitrogen rate of 400 1bs Nfacre. It is
interesting that leaf aitrogen levels were within the intermediate range
for levels of 200 -800 lbs/acre yet growth was poor. Since the green-
house pot ext sriments indicated that P and X as well ss micromutiient
requirements should have been met by the hlanket applications of Kel,
superphosphate, and dolemitic lime, only e;ne possitle reason rémalns to
'axpl_ai.n the éénerally poor growth, inadequate liming. Apparently after
coﬁp_ostingf the. bark-sewage medium remains potentially acid. The ammon-
itm nitrate utiliced in the field experinent spparently caused the Pl
to drop below tﬁe already low 5.4 level of the soil-compost plow layer
(andrevs, 1956) Raney, 1960). The high slumimum level of both soil and
compost also inctaased‘the acidity level.
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Table 13. Influence of nitrogen incorporated with compost prior
'3 to planting on the yield and nitregen level in eorn tissue.
Values represent one replication and are not tréated

statistically.
e wnrment an  Thendn
0 1.29 34 6
100 1.4k o 36 8
200 1.57 &2 12
- 400 1.83 44 i4

800 1.80 39 13

=
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CHAPTER V
GENERAL CONCLUSIONS AND MANAGEMENT CONSIDERATIONS
Processing Bark-Sewege Wastes

Although this study utilized hardwood bark as the absorbant
base material for composting, work of Knoll (1959), Karim and Chowd-
bury (1958), Gray, Sherman and Biddlestone (1971), and many others has
shown that any dry, shredded, non-toxic, organic material will produce
good conmpost.

This study has shown that bark, having an initlally high C/N
'ratio requires a long maturation period and requires N supplemzntation
under conditions where it will be used as a plant growth medium. Bark
represents an excellent material for composting since it contains some
N, significant amounts of P and X, and most of the essential trace ele~
ments important in promoting plant growth. Furthermore, it lacks toxic
substances and is easy to handle with a wide variety of equipment from
shovels to front-end loaders. Fhysical consistency and chemiecal charac-
teristics of the finished product are excellent as a growth medium for
plants. Composting should be recognlzed as a feasible technigue of

‘reducing the C/N ratio of products such as bark. The wettability of
composted bark-sewage is a feature important to greenhouse managers,
since poor wetting and water retention often characterizes dry, un-
shredded bark. Under the best conditions, a three month period of
composting would appear to represent the minimum time requirement for

Preparation of the finlshed product.

9
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Despite the cost involved it is advisable to utilize one of the
several reactor systems to mix and provide containerization during the
first three days of composting. (ne epproach would be a slowly revol-
ving drum (Schulze, 1961); another would be utilization of bins which
could be emptied with a front-end loader or bins built on a slope to
provide gravity flow of liquids from the mixture. In the above systems,
dry solids could be saturated with liquid wastes and any excess drawn
off and recycled to the compost. At the end of the third day, the com-
post will no longer drain by gravity and loss of microtes and nutrients
to the surrounding area will be negligible.

The reé,ctor should be insulated sufficiently so that heat loss
is minimized. Air ducts are required to provide sufficient oxygen to
keep the mixture asrobic. Too much alr may cool the reacting mass and
prevent the attainment of pasteurizing temperature. An oxygen probe,
thermocouples, and six-hour interval dehydrogenase (TTC test) testing
could provide an index of the condition of the mixture within the
reactor.

When the tests show that pasteurizing conditions have been met,
the mixture can be moved to the fleld. The windrow may be built dally
for an extended period of time to provide about 1000 yd3 of material
but constructed in such a way that the cross-sectional area will allow
aeration; the interior should not be permitted to go anaerobic (Webley,
1947). Sealing of the pile with a topping of one foot of finished com-
post 1s needed in order to develop high temperature and to retain
moisture in the interlor where the composting is occurring. When
testing shows that temperature and oxygen levels are low in the interiof,

resulting from a gradual temperature decline, turning is required to
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allow the dry outside layers to be recycled. Many devices exist for
turning such as a front-end loader, plow, and road grader (Kupchick,
1966). Considerable space is necessary for ease in managing large

scale windrows. Two turnings of compost at monthly intervals followed
by a three month maturation period provides a composted product of
excellent physical consistency with a manageable C/N ratio which may

be used as a plant growth media; pH and nutrient requireménts can easily
be net.

As in the reactor phase, windrows should be monitored, using
such equipment as thermocouples, an oxygen probe, and the dehydrogenase
(TTC) test. When the mature compost is 3 - 6 months old, test plants
also provide a useful index of N status within a few days growth (Jann,
Howard, and Salle, 19603 Keller, 1961).

Although all the methods available to characterize the finished
compost were not used in this project, the following examinations are
suggested to provide means of comparing composts, peat mixes, and other
organic-rich soil media. |

1. Water~holding capacity

2. Adsorption/Exchange capacity - anions & cations

3. TPaysical consistency (pore volume, texture, structure )
4, C/N ratio

After 90 days of composting, microbial populations of bacteria,
actinomycetes, and fungl are significantly reduced in the bark-gewage
mixture (Figure 6). During the ;:omposting process, a marked change
occurs in the type and number of organisms present. In the initial
stages, the abundance ef energy rich organic material causes a dramatic
increase in bacterial population. Changes in population levels of

p
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aéﬂnamyeotes and fungi were ten to teanty-fold during qqmpoéting, bqt
remained much lower then bacterial population levels. Pastéurizstion
temperatures were achieved during the early stagbs‘&gf-ﬂ-fhe composting
rroéess below one foot after which time temperature levels falled to
reach temperatures beyond 54%C. Microbial levels declined steedily
during the composting and mo evidence of plant pathogenic organisms
appeared when the composted bark-sewage mixture was used in plant
studies. When coi'zpost was purposely seaded with the indicator organisms
Escherichia celi, Salmonella heidleberg, and Candida albleans, none of

these organisas were evideat ia the compost 36 hours after expesure to
composting temperatures (Tatle 9). Pafhpgepﬁs'neqz' the surface of the
windrow will persist unléss a covering of previocualy pastmarimd ¢on-
posts is used to hold heé.t and moisture within a kill zone at depths
veneath one foot. Windrow turnings after the first heating should
then assure pathogen destruction (Wiley, 1962; Lemhaxd, 1963).

Utiliging Bark-Sswage Compost

The cation and anion exchange capacities of bark-sewage compost
lie intermediate batween thét of peat and szoil. In this respsct, ad-
sorption capabilities for nutriernts axe ki@ly favorable Af this mater-
ial were to he used as 'a; plpat grovth medium. Water retention charac-
teristics are likewise févora'ble for this preduct.

The C/N ratio of frosh bark was bétwwm 200 -3503 while well
composted mature compost reached an acceptably low level of about 25/1.
A distinct need for supplemental nitroéan exists if the finished preduct
is used to support plamt growth. 'This N requirement cen satisfactorily
be met for a six week period by additioa of 2.2 1bs ﬂ/yﬁ? to mature

compost. Bscause some soureces of nitrogen also increase acidity the
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cholce of N-source is importiant. Calcium or magnesium ait.rﬁto, sodium
nitrate, potassium nitrate, cysnsmid, and natiral sources of aitrogen
such as tankage, guano, fish scrap, or dried sewsge sludge iequiro, less
lime for neutralization and are preferred &s H-ssurces, Beyomd six
ueeks. further nitrogen must he adniaiatered or a higher level of K
supplied mou.ynsms a slow reloase N source. The needs of P and
K ave not as grest as for N and basal rates of 1.12 1bs K0 and P205/yd3
should prove satisfactory with composted bark products. The contribu-
tion of mutrients from the sewsge which was initislly added to the bark
must be considered insigaificant based an the rssalts of this study.
When bark or sawdust is used as the absorbant medium in com-
posting, the final pH after a years maturation remains distimctly acid.
It would be a fundamental error to correct this low pH prior to or
dﬁriﬁg composting by addition of lime, tut 1t would slso be a mistake
not to mix héavy applications of lime lezig before a crop was planted.
Mggnesium-riqh ligneatoﬁg, f;aely ground and mixed with exjganie rich
soil reacts slowly so that crops requiring neutral pH may suffer im bark-
conpost-scil mixtures unless limed heavily. ‘The 'carbo_iyls. phenols,
and other alcoholic hydroxyls which cause the low pH of m‘:ganié level
soils persisied after long composting in bark compost (Tisdale and
Nelson, 1966). Qrgam.c acids produced by microbial activity may have
solubilized tﬁe low caleium apd méézwsium sources in the solil and has-
ten their removal by leaching (Bodrova and Ozolina, 1968). Liming of
the compost-soil mixture will alao assure that the molybdenum which is
less aﬁaﬂ.la;bia in acid w@.i will remain a.vai.labi‘o. and that maésgnem
which.could reach tozﬂ.eiiy levels will remain depressed. One of the
easlest methods of increasing nitrogen in this eeapest—&gil nixture
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wonlgl be to encourage growth of a leguminows crop. Unfortunately
1emeg require soil with high PHy it may be mecessary to grow buck-
wheat or annual rye grass upon & limed compost soil to al;ow tm for
pH ad justment prior to growing 2 legume erop (King and Morris, 1973).
Composted bark products appear entirely satisfactory for use as
replacement media for peat mixtures now avallable commercially for
greenhouse operations. Comsistency of material and standardization of
quality control of finished product represent aigniﬁéant ut manage-
able needs. Nitrogen additics snd PH adjustment sre major requirements

for the compost to serve as & plant growth medium,
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Appendix Table 1. Transient Fungl and yeasts which existed within the
compost. Species marked by asterisk were identified to genus but insuf-
ficient data was obtained to determine species. Specles enclosed in
DParentheses resemble very closely the strain described by others in the
literature so that the taxonomy was brought to species level.

Ehizopus nigricans

Rhizoctonia sp. ¥

Geotrichum candidum

Mucor pusillus

Penicillium digitatum

Mucor racemosus

Torizlogsis sp.*
Aspergillus flavus

Absidia (ramosa)

Saccharomyces sp.*

Pulluloria sp.¥*

Pythium sp.*

Hanisenula sp.*

Trichoderma koningl

Talaromyces (Penicillium) duponti

Stysanus stemonitils

Gliobotrys (alboviridis)

Humicola griseus var. thermolideus

Absidia orchidis

Ehlzopus arrhizus

Candida (parapsilosis)
Cladosporiun herbarum

Rhodotorula rubra

Aspergillus tamarii

Zygorhynchus vuilleminii

Trichosporon cutaneum

Verticillium sp.*

Syncephalastrum sp.*

Pichla sp.¥*

Cylindrocarpon sp.¥#

Chaetomium (thermophile)

Lipomyces sp.*
Sporotrichium thermophile

Fusarium moniliforme

Humicola insolens
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Appendix Table 2.

Organisms consistently present in the compost during

the composting process. Specles marked by asterisk were identified to

genus but insufficient data was obtained toc deiermine species.

Specles

enclosed in parentheses resemble very closely the strain described by

others in the literature so that the taxoncmy was trought

level.

to specles

Aspergillus fumigatus

A. terreus

A. amstelodami

=

repens
nidulans

>

>

candidus

=

versicolor

=

spinulosus
proliferans
Scopulariopsis murina

Oocspora variables

=

Cylindrophora sp.*

Verticillium effusunm

Monilia humicola

M. geophila

INDIGENOUS FUNGI

Fusidium sp.*

Penicillium cltrinum

P, ochrochloron

P. 5 species*
Humicola (lanuginosa)

Thermomyces lanuginosus

Hormodendron viride
H. resinae
(ladosporium lignicolum

@. (herbarum)

Memnoriella sp.*

Al ternaria tenuis

A. humicola
A. fascioulata

Mycelia sterilia

INDIGENQUS YEAST FUNGI

Bhodotoruia. glutinis

Candida Galmonticensis)

C. (quilliermondi)

C. (membranefacieus)

Debaromyces sp.*

Schizoblastosporon sp.*

Torula thermophile
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Appendix Table 2. (cont.)

BACTERTA

Aerobacter ( acrogenes)

Baecillius megatherium

B. steai-othemophilus

B. cereus

B. mycoides

Pseudomonad sp.*

Zseven isclates one of which
appears to be P. fluorescens..
also member of Aclidovorans and
Alcaligenes group)

Flaiobacterium sp.*
(3 isolates; specles unknown)

Miecrococcus sp.¥
Sarcina sp.*
PROTOZOANS

Chilomonas (paramecium)

Cyathomonas (truncata)

Lycogala epldendrum

Cercomonas (crassicanda)

ACTINOMYCETES

Nocardia brasiliensis

Thermomonospora viridis

I. curvata

Micromonospora parva

Thermoactinomyces vulgaris

Aetinoplanes sp.¥#

Thermopolyspora polyspora

Streptomyces sp.* (5 species)

S. violaceoruber

ALGARE

Hormidium (nitens)

Vaucheria (terrestris)

Eugzlena mutabllis

Protococcus vulgaris

Dactylococcus (bicandatus)

Chlorococcum humicola

Mlerocoleus vaginatus

Porphyridium (cruentum)

Kentrosphaera sp.*

Diatoms (numerous unidenti-
fied)
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Appendix Table 3. Osmocote Study., Dry welght of sudan grass tissue from eight harvests taken at two week
intervals beginning four weeks after planting. Values glven are means of four replications in grams taken
for each of six nitrogen treatment levels. For a given harvest, means followed by the same letter are not
significantly different according to Duncan's Test at the 5% level.

Harvest Week

Treatment

1bs N/ya3 4 é 8 10 12 14 16 18
0.00 RIEY .60a A2a «29a .23a .88a JA3a .07a
0.14 .70a 1.98b 3.04b 2.74b 2.52b 1.98b 2.10b 1.48b
0.28 1.13b 2.99¢ L, 52¢ 3.43¢ 3.28¢ 2.98¢ 2.67¢ 2.28¢
0.56 1.95¢ 6.52¢ 7.08a L, o1d 4,724 6. 524 3.12d 2.45¢
1.12 3.08d 11.98e 7.79% 6.96e 6.51e 11.98e L,21e 3.63d
2.24 5.87¢ 17.48F 9.51f 8.9uUf 7.89F 17.48f 4, 36e 3.93d
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Appendix Table &4.
week intervals beginning four weeks after planting.

from each of eleven nitrogen treatment levels.
not significantly different by Duncan®s Test at the 5% level.

Nitrogen Study. Dry weight of sudan grass tlssue from nine harvest dates taken at two
Values are means of four replications in grams taken

For a given harvest, means followed by the same letter are

Harvest VWeek

Treatmen

1bs N/yd 4 6 N 10 12
0.00 . 2,55 3.15 1.80ag 0.85a 0.53
0.14 2.95b 3.4801 2,03abf~h 1.03abi 0.63abgl
0.28 3.05b 3.63bch 2.00abf-h 0.90ab 0. 68abgt
0. 56 3.28¢ 3.954-g 2.43¢ 1.43cgh 0.93cd
1.12 3.48cd 3.80ce 2.53cd 1. 53cdgh 0.93d
2.24 3. 68dei L, 10af 2.68¢cd 1.63de 1.13c~e
3.36 4.23g 4.35g 3.23e 1.95¢ 1.18a-f
448 3.98£h 3.95e-h 3.23e 1.75-f 1.184-f
6.72 4,058 3.83ceh 2.00afg 1.33gh 0.63ag1
8.96 3.80ehi 3.53bhi 1.758 1.28h 0.65abg-1
13,44 3. 5841 3.351 1.85agh 0.93abi 0.63a1

Harvest 14 through 20 were uniformly low and were not significantly different between treatments.
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Appendix Table 5. Potassium Study.

week intervals beginning four weeks after planting.
for each of eleven potassium treatiment levels.

not significantly different by Duncan's Test at the 5% level.

Dry welght of sudan grass tissue from nine harvest dates taken at two
Values are means of four repllcations in grams taken
For a glven harvest, means followed by the same letter are

Treatment

Harvest Week

1 Kzo/yd3 n 6 8 10 12 14 16 18
0.00 6.35af  4.20ae~h  3.35ag  2.78a 2.43agh  1.98a 1.38ah 1.13a
0.14 6.93be  4.43abe~-g 3.50ab  3.08ab  2.78abfg  2.45bc 1.43ath  0.68bdgl
0.28 7,450 b 53bc 3.65¢f  3.55cef  3.13bef  2.668b 2.00cf 0. 53bcfhi
0.56 7.60ea  4.63cd b, b3e b.250 3.784 2.85¢ 2.05caf  0,80ceg
1.12 7.68¢cd 4,984 4.65¢c 4,283 3.75de 3.18d 2.43%e 0.95ae
2.2 6.58abef 4. 55¢d 4,054 3.63cef  3.40ce 3.05¢d 2.28¢~e 1.05ae
3.36 6.55aef  4.15-h  3.65bef  3.30bef  2.70afg  2.35e 1.78abfg  0.65bfglj
4,48 6.18¢ 4.08f-h  3.53abe  3.25bf  2.33%h 1.58f 1.58abgh  0.93adeg
6.72 5.20gh  3.95h 3.15fg  2.28g 2.08h 1.15gh 1.18hi 0.65L¢
8.96 5.58gh  3.93h 2.73h 1.95¢ 1.251 1.05g 0.901 0.754g1 j

13,44 5.38h 3.303 2.431 1.55h 0.553 1.13gh 0.533 0.80def j

Haxrvest 20 showed only slight difference in dry welght between check and highest treatment level.

097' g
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Appendix Table 6. Phosphate Study.
intervals beginning four weeks after planting.
each of eleven levels of rock phosphate.

significantly different by Duncan's Test at the 5% level.

Dry welght of sudan grass tissue from elght haxvests taken at two week
Values are means of four replications in grams taken for
For a glven harvest, means followed by the same letter are not

Treatment

Harvest Week

Los B0./y2> 6 8 10 12 14 16 18 20
0.00 3.80a 4.052a 3.30a  2.40a 1.43abj 1.35ag-3 0.83a 0.70ai  0.502hi
0.14 3,.95ab  4.08ab 3,402  2.45ab 1.35bj 1.68bcef 1.2Cbfh  0.90bh  0.80bg
0.28 4.15%bc L, 38¢~h 3.85bhi 2.58a-cg 1.58a-cg-j 1.68cf 1.50¢ 1.28cf 1.00cf
0.56 4,17b-dhj %.50c-eg 3.95ceg 2.90deh 1.851~f 1.80b-¢ 1.78de 1.60de 1.35d
1.12 L. 40degl; U784 4.38d  2.78cdf-j 1.954-f 1.85b-e  1.60c-e  1.48c-e 1.35¢
2.2k L.4Be-gi 4.38d~h  3.90ceg 2.82d-fh  1.73ce=h  1.68cf 1.60ce 1.38e 1.15¢cd
3.36 I, 45 -gt &.38e-=h 3.85e~-g 2.68¢fglj 1.73c¢f-h 1.45aeg 1.30bf-h 1.13fg 0.95bf
4,48 L. 30cdg~J 4.30fhi 3.73bfhi 2.58abg 1.50abgij 1.23f-3 1.10f1 1.00bg 0.75¢g
6.72 L,150h Ly, 38gn 3.80bf-h 2,78c¢f-j 1.55abg-j 1.18hj 1.10fgl 0.78ah 0.48hi
8.96 L,25¢cdh~-3j 4.28hi 3.65h1 2.60a-cgli 1.45ablj 1.20h=-3 1.20f-h 0.501] 0.3813

13.44 L,18bechj #4.15abi 3. 601 2.60a-cgj 1.353 1.033 0.90ai 0.43 0.233
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Appendix

Table 7.

Nitrogen Study.

Tissue concentrations of five elementé fron selected harvests.:

Values

are the mean of four replications in percentage taken from six sulfur-coated urea treatments applied to
For a given harvest, means followed by the same leiter are not significantly

compost prior to planting.
different by Duncan®s Test at the 5% level.

Nitrogen % Phosphorous % Potassium % Calcium % Magnesium %
: Harvest Week
eatmen% _ ,
1bs N/yd’ 4 5 6 é 16 6 16 6 16 6 16

0.00 1.85a  1.45a 1.302 .36a .30a 2.67a  2.18a  .69a~c .79ab  .17a .20a
0.28 1.90ab 1.58a 1.59a 3l L0be 2.72ab 2.74b 68b-e .77b .16a «30b
1.12 2.33ab 2.280 2.18b . 358 JAbbde 2.88a-c 3.44cd  .79Mc .79bc «22b +38c
3.36  3.10c 3.19¢ 2.69¢c 3la .38¢ 3.13%cd 3.29ed  .50ce 7d .22¢ +39¢
6.72 3.86d 3.64d 3.224 «29a 3b~e 3.17c-e 3.1ibde .49de .82ab 274 JAs54
13.44 4,004 L,22¢ 4.00e .28b bibee 3.13ce 2.75be e 1.07a~c .26d 04

a0t
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Appendix Table 8. Potassium Study. Tissue level analyses of eleven selected elements from harvests 6 and
14, Values are means of four repllcations taken from six treatments applied to compost prior to planting.
For a given harvest, means followed by the same letter are not significantly different by Duncan's Test at
the 5% level.

Potagsium % Fhosphorus % Celcium % Magnesium %
Treatment Harvest Week -
1bs KZD/ydB Z 1 i (N g 15 6 14
0.00 2.76a 1.86a . 38a-f . 33a~f .72a~f 1.19a~f A3a .67a
0.28 2.77ab 2.27b Qdia-d .36a-d .Bla-f 1.07a-f «39a=-d «55b
1.12. 3.05a=c 2.63c-e Jdla-gf .L0ce .63a~1 - +90a~f . 36b~d . 58abd
3.36 3.18a-d 2. 59bd-f . 38a-f . 304 .62a~f 1.34a-e «35b-d 5103
6.72 3. 49¢ed 2.79¢d~f « 30ad~f . 38ce . 68a-f «79a~f «23e JL2de
13.44 L,67cd 2.75¢cd-f «32acd-f .3ba-f . 75a~f «70a-cef .28e «37e
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Appendix Table 9. Fhosphorus Study. Tlssue level analyses of seven selected elements, harvest week 6 and
12, Values are means of four replications taken from six treatments applied to compost prior to planting.
For a given harvest, means followed by the same letter are not significantly different by Duncan's Test at
the 5% level.

Pnosphorus % Egggggggg_ﬁ Calcium % Magnesium %
Treatment Harvest Week
1bs P,0/ya> B 12 g 13 5 12 g 12
2,00 +403a~-d . 323a-e 3.Obade 2.37a~e « 593a~c .883ab’ J410a-c . 520acd
0.28 +385b¢ . 288b-d 3.1ba=-ce 1.94b-d . 550be .863b . 388acd .418abe
1.12 .385¢ .283cd  3.Obe-e  1.800 .528¢ .G85ac-e  .398a~c  .370b
3,36 . 395b-d .280d 3.1ba-ce  1.85¢d .588b-a 1.035c-e  .383c-e . 430a~ce
6.72 -420a-¢ . 360ae 2. 574 2.47a~-e . 665ede .038abde .318de <433a-e
13,44 448a-e .318c-e  2.9hde 2.10b=e  .703ade .910ake  .313 . 390be

801
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