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ABSTRACT

Thermophilic composting (TC) and vermicomposting @fe the two most common methods
used for biological stabilization of solid organeastes. Both have their advantages and
disadvantages but the proposed method of combicamgposting and vermicomposting (CV)
borrows pertinent attributes from each of the twethnods and combines them to enhance overall
process and product qualities. Dairy manure anstevpaper are two wastes produced in large
guantities at the University of Fort Hare. The stwdas carried out to address the following
specific objectives, to determine (i) the effectiges of combined thermophilic composting and
vermicomposting on the biodegradation and sanitimadf mixtures of dairy manure and paper
waste, (ii) an optimum precomposting period forglananure paper waste mixtures that results
in vermicomposts of good nutritional quality andosk use will not jeopardize human health,
(i) the effectiveness of phosphate rock (PR) mereasing available P and degradation and
nutrient content of dairy manure-paper vermicompogiv) the physicochemical properties of
vermicompost substituted pine bark compost andopmdnce of resultant growing medium on

plant growth and nutrient uptake.

Results of this study revealed that wastes with &l @atio of 30 were more suitable for both V

and CV as their composts were more stabilized aitid mgher nutrient contents than composts
made from wastes with a C: N ratio of 45. Both W aDV were effective methods for the

biodegradation of dairy manure and paper wasteumastwith C: N ratio of 30 but the latter was
more effective in the biodegradation of waste miesuwith a C: N ratio of 45. Th@mbinination

of composting and vermicomposting eliminated the indicator pathogén coli 0157 from the final

composts whereas V only managed to reduce the gathmopulation.



A follow up study was done to determine the effedtprecomposting on pathogen numbers so
as to come up with a suitable precomposting petiodse when combine composting dairy
manure-waste paper mixtures. Results of this ssimbyved that over 95% of fecal colifornts,
coli and ofE. coli 0157 were eliminated from the wastes within onekvef precomposting and
total elimination of these and protozoan (oo)cystisieved after 3 weeks of precomposting. The
vermicomposts pathogen content was related to thsteis precomposting period. Final
vermicomposts pathogen content was reduced anddvacdcording to precomposting period.
Vermicomposts from wastes precomposted for over twmeeks were less stabilized, less
humified and had less nutrient contents comparegietmmicomposts from wastes that were
precomposted for one week or less. The findinggestgthat a precomposting period of one

week is ideal for the effective vermicompostinglafry manure-waste paper mixtures.

Results of the P enrichment study indicated anes®e in the inorganic phosphate and a
reduction in the organic phosphate fractions ofydananure-waste paper vermicompost that
were enriched with PR. This implied an increasemimeralization of organic matter and or
solubilization of PR with vermicomposting time. Aping PR to dairy manure-waste paper
mixtures also enhanced degradation and had inaddésend P contents of dairy manure-waste
paper vermicomposts. Earthworms accumulated heatglsin their bodies and reduced heavy

metal contents of vermicomposts.

A study to determine the physicochemical propertésrermicompost substituted pine bark
compost and performance of resultant growing medmanplant growth and nutrient uptake was
done. Results obtained revealed that increasioggptions of dairy manure vermicomposts in

pine bark compost improved tomato plant heightmstgirth, shoot and root dry weights.



Tomatoes grew best in the 40 to 60% CV substitpieé bark and application of Horticote

(7:2:1 (22)) fertilizer significantly increased ptagrowth in all media. Progressive substitution
pine bark with dairy manure vermicomposts resulteda decrease in the percentage total
porosity, percentage air space whilst bulk densigter holding capacity, particle density, pH,

electrical conductivity and N and P levels increhse

Precomposting wastes not only reduced and or editeth pathogens but also improved the
stabilisation and nutrient content of dairy manweste paper mixtures. The application of PR to
dairy manure waste paper mixtures improved the awmand physical properties of
vermicomposts. Earthworms bio-accumulated the heaetals Cd, Cr, Cu, Pb and Zn whilst the
contents of these in the vermicomposts declined, therefore, recommended that dairy manure
waste paper mixtures be precomposted for one warekahitization followed by PR application
and vermicomposting for stabilization and improveditrients contents of resultant
vermicomposts. Substitution of pine bark compoghwiO to 60 % PR-enriched vermicompost
produced a growing medium with superior physical ahemical properties which supported
good seedling growth. However, for optimum seedlgngwth, supplementation with mineral

fertilizer was found to be necessary.



PREFACE

The work summarized in the Abstract of this thésiexplained in detail in the six chapters that
follow. Chapter 1 is a general introduction ancerbtture review which establishes the
justification for the study. The literature reviestablishes the need for the study, the causes of
the problem, possible solutions to the problem #ral potential of the studied solution in
resolving the identified problem. Chapter 2 repantsthe evaluation of different composting
methods to degrade dairy manure-paper mixturesffefent C: N ratios and their effectiveness
in eliminating/reducing pathogens in vermicompost$is chapter has been accepted for
publication in the African Journal of Biotechnologyhapter 3 reports on findings of a study that
sought to determine the optimum precomposting deigo dairy manure paper waste mixtures
that results in vermicomposts of good nutritionablity and whose use will not jeopardize
human health. This chapter has been accepted folication by the Waste Management
Research (WMR) journal. Chapter 4 reports on thecateness of using phosphate rock (PR) to
enrich dairy manure with phosphorus as well asceffeof PR on degradation and nutrient
content of vermicomposts. The chapter also expldiaseffects of earthworms on heavy metal
contents of vermicomposts. Chapter 5 looks at tssiple use of vermicompost to substitute for
pine bark composts in order to improve the pin&k lcampost media’s physical and chemical
properties. Chapter 6 gives the general discussmm;lusions and recommendations for future

studies.

Vi
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

Rapidly increasing human population, intensive@gtiire and industrialization have resulted in
the need for efficient disposal and managementrgéaroc solid wastes. Institutions such as
universities generate a lot of solid wastes in fafnpaper from the various Faculties. Currently
at Fort Hare, waste paper is incinerated in an ahenp but this practice is of concern as it
causes air pollution through the production of carllioxide and nitrous oxides, both potent
greenhouse gases as well as dioxins. As well, tegtsity livestock operations such as the Fort
Hare Dairy project generate large quantities ofrieat rich manures. Jame=t al. (2004)
estimated that dairy cows in free stall barns peedapproximately 1986 kg of manure/Animal
Unit (AU)/yr on a dry weight basis (1 Animal UnitZ8 kg).However, overproduction of this
waste substance has led to inappropriate disposaitiges such as indiscriminate and
inappropriately timed application to agriculturalelfls. Such practices cause serious
environmental problems including an excessive inplupotentially harmful trace elements,
inorganic salts and pathogens, increased loss tokents through leaching, erosion and run off
caused by lack of consideration of nutrient requeats of the crop (Hutchinsat al, 2005).
Dairy manure, therefore, needs to be stabilizedreet is applied to the land as a fertilizer or

used as a growing medium in the nursery industry.

Stabilization involves the decomposition of a wasibstance to the extent where the hazards are
reduced and is normally reflected by decrease orahial activity and concentrations of labile
compounds (Benitet al, 2003). Because of the slurry nature of dairy umes it is not an
uncommon practice to bulk the manure. Bulking hesnbdone with a variety of bulking agents

such as wood chips, wood shaving, cereal strawnfya& Hao, 2007). Waste paper has been



used successfully as a bulking agent in the statiin of biosolids (Ndegwat al, 2000) but
there are no local reports on the use of wasterpapen amendment in the stabilization of

manure.

Composting and vermicomposting are the two bestwkngrocesses for the biological
stabilization of solid organic wastes. Benefitstloérmophilic composting include reduction of
manure mass, volume, and haulage requirementsdyatral, 2000); and elimination of weed
seed viability (Larney & Blackshaw, 2003), coliforbacteria (Larneyet al, 2003), human
parasitic protozoa (Van Herét al, 2004), and malodours on spreading (Rytkal, 1992).
However, thermophilic composting is associated watHong duration of the process, high
frequency of turning of the material, need to redsize of the material to provide the required
surface area, loss of nutrients during the proldngemposting process, and the heterogeneous
nature of the product (Ndegwa and Thompson, 20@1addition, the very high temperatures
(>60°C) associated with thermophilic composting algo known to inhibit decomposition
(Bardos & Lopez-Real, 1991). This could be dueh®decline in microbial numbers as well as

diversity at high temperatures (>60 °C) during tihgphilic composting (Hanseat al, 2001).

Vermicomposting involves the use of earthworms g, fragment and aerate organic waste
material, making it more conducive to microbialiaty and generally avoiding the exothermic
stage (Hancet al, 1988). The result is a highly humified produ¢incelas-Akpa & Louquet,
1997), which contains most nutrients in plant-atag forms such as nitrates, phosphates, and
exchangeable calcium and soluble potassium (Orcicaal, 1996). The low operating
temperatures (<35° C) in vermicomposting, howeweg not high enough for acceptable

pathogen and weed seed kill (Ndegwa & Thompson]1 00



Logsdon, (1994), reported that combining traditlorm@mposting and vermicomposting
shortened the time for curing and stabilizationtted compost. Fredericksat al (1997) and
Nedgwa & Thompson, (2001) corroborated the findiogsogson when they reported reduction
in composting time when the two systems are contbit@mbining the two systems also
resulted in vermicomposts that were nutritionallperior to either of the individual processes
(Ndegwa & Thompson, 2001; Alidaét al, 2005; Lazcanet al, 2008). However, long pre-
composting periods could reduce the quality of weestes in relation to easily degradable
substances such as sugars, carbohydarates anchidteu & Lo, 1999) that are necessary for
growth and reproduction of earthworms and thus aisgjron of wastest is important then that
a suitable precomposting period be determined wisidbng enough to eliminate pathogens but
short enough not to negatively affect the nutrdilorvalue of precomposted wastes for

earthworms.

The role of organic carbon (C) and inorganic nigmeg(N) for cell synthesis, growth and
metabolism in all living organisms is critical (Ngilga and Thompson, 2001). For proper
nutrition, carbon and nitrogen for optimal earthmodigestion is necessary too. For rapid
microbial decomposition Diaet al, (1993) recommended C: N ratio of between 25 3dd
Different earthworm species are impacted diffesebyl C: N ratio and feed mixture type. Aiea
al., (2006) reported highdtisenia fetidaearthworm populations in high C: N ratio wastethwi
more juveniles and hatchlings than in the low Cwaktes where earthworms were fewer and
bigger with more mature adults than juveniles. d¢vde & Thompson (2000) recommended that
for vermicomposting mature earthworms be used esetlwill break down wastes faster than the
juveniles. Therefore, studies are necessary toblegtaoptimal C: N ratio for a specific

earthworm species and a specific feed mixture.



Composts are poor plant nutrient sources when codpto inorganic fertilizers and are
particularly low in phosphorus (P) (Muponeli al, 2006) which compromises their adoption as
growing medium for the nursery industry or as sesrof nutrients for plants. Biswas &
Narayanasamy (2006) reported that phosphate roRlk éAriched composts had significantly
higher content of total P (2.20%) compared to stcamposts (0.3%) where no PR was added.
The PR-compost also had higher citric acid solubl€).72% P) compared to straw compost
(0.1% P). Most of work done on PR enrichment of posats has been done using rice straw and
thermophilic composting was used to degrade thesicaw. South Africa has large deposits of
igneous phosphate rock (PR) in Paraborwa (van ohetel. 2004) which could be used to enrich
vermicomposts and increase their P content andiadiléty. There is, however, little information
on PR incorporation as a means of increasing thernfent of vermicomposts. All PRs contain
hazardous elements including heavy metals cadm@a), (chromium (Cr), mercury (Hg) and
lead (Pb) and radioactive elements, uranium (U) #na considered to be toxic to human and
animal health (Mortvedt & Sikora, 1992). Incorpavat of PR into dairy manure-waste paper
mixtures may therefore increase the heavy metateobnof the vermicompost produced.
Earthworms on the other hand have been reportbbémcumulate heavy metals cadmium (Cd),
chromium (Cr), copper (Cu), nickel (Ni), lead (Rimd zinc (Zn) in their bodies (Shahmansouri
et al, 2005) and their presence in the PR enrichedy da@mnure-waste paper mixtures may

reduce the heavy metal composition of the resultammhicomposts.

Pine bark is the growing medium of choice in Soéftica due to its availability, affordability,
and desired physical properties (high air porositypwever, it has low nutrient retention
properties and little ability to provide nutrierits the substrate solution. Several studies have

investigated benefits of vermicompost amended pess based substrates and have reported



increased plant growth of greenhouse crops, both and without fertilizer added, as well as

increased water holding capacity compared to noerai®d controls (Atiyebt al, 2000; Atiyeh

et al, 2001). However, studies investigating vermicostpmmended pine bark in South Africa

are not documented. Research is therefore requoedetermine the effects of partially

substituting local pine bark with vermicompoststbha chemical, physical and microbiological

properties of the plant growing medium and how ¢helsanges are related to seedling growth

responses.

Aim of the study

The aim of the study is to improve sanitization dedilizer value of dairy manure and waste
paper mixtures enriched with rock phosphate throcgimbined thermophilic composting and

vermicomposting.

Objectives of the study

The objectives of this study were:

() To determine the effectiveness of combined therntiepltomposting and
vermicomposting on the biodegradation and sanitinadf mixtures of dairy
manure and paper waste.

(i) To determine an optimum precomposting period fdarydmanure-waste paper
waste mixtures that results in vermicomposts ofdgootritional quality and
whose use will not jeopardize human health.

(i) To determine the effectiveness of PR in incieg available P and degradation

and nutrient content of dairy manure-paper vermiposis.



(iv) To determine the effects of PR incorporation ondbetents of the heavy metals
Cd, Cr, Cu, Pb and Zn in earthworms and the rastN&rmicomposts.

(v) To determine the physicochemical properties of foaek compost substituted
with various amounts of PR enriched vermicompost performance of the
resultant growth media on seedling growth and eatruptake.

Hypotheses of the study

(i) Combining composting and vermicomposting of daignore-waste paper mixtures will
produce vermicomposts which are more humified aadbilssed, and have higher
nutrient content and lower pathogen coli 0157 compared with vermicomposting
alone.

(i) Reducing the period of precomposting dairy manuré waste paper mixtures to one
week will eliminate faecal coliforms, the pathogEn coli 0157, and protozoan
oocysts.

(ilReducing the period of precomposting dairy menand waste paper mixtures to one
week will increase humification, stabilisation andtrient content of dairy manure-
waste paper based vermicomposts.

(iv)Amending dairy manure-waste paper mixtures with sphate rock will improve
stabilization of the vermicompost, its total P @nttand bioavailability, as well as the
overall nutrients content of the vermicompost.

(v) Vermicomposting of PR amended wastes will resulingcreased concentrations of the
heavy metals Cd, Cr, Cu, Pb and Zn in earthworndsaareduction of the same in the

resultant vermicomposts.



(vi) Partial substitution of pine bark compost growingdmmm with vermicomposts will

improve its physical and chemical properties, amubace plant growth.

1.2 LITERATURE REVIEW

1.2.1 Introduction

The increase in industrialization has resulted noreases in both industrial and agricultural
wastes production due to improved standards ohdivand intensification of agricultural
production. These waste now present disposal anthgeanent challenges. Composting and
vermicomposting are sustainable ways of managiegetrer increasing amounts of wastes as
populations continue to grow. The literature reveevihere is focused on waste production, waste
management through composting, vermicompostingtlagid combination. Vermicomposts can
either be used as a source of nutrients for crojiscan be used as a growing medium and in this

review focus is on the use of vermicomposts to ahp@at based media.

1.2.2 Solid waste generation and management

Over the last few years, the problem of efficiedpdsal and management of organic solid
wastes has become more rigorous due to rapidlgasang population, intensive agriculture and
industrialization (Garget al, 2006). In intensive livestock farming enterpsissuch as the
University Of Fort Hare Dairy farm, there is a humount of animal excreta being generated.
According to Jamest al (2004) dairy cows in free stall barns (1 Animalit3370 kg) produce
approximately 1986 kg of manure/AU/yr on a dry weitpasis with a moisture content of 80-

88%. The current project at the University of Hadre Dairy farm has over 700 dairy cattle and



that generates thousands of tones of nutrient deshy manure annually. The huge manure

guantities generated present management and diggwobéems.

Besides the manure, institutions such as univessilso generate large quantities of other
wastes such as printing and writing paper fromeddht Faculties, food wastes from canteens
and residential hostels as well as green wastesljngrass and twigs). At the University of Fort
Hare, waste paper forms the bulk of the wastesymedl According to Richard Scott (26-05-
2010, University of Fort Hare Xerox Manager, peelotommnication) the amount of printing
paper waste used at the university of Fort Hareim@asased from 2.4 tons per month in 2007 to
3.2 tons per month in 2010. Nationally with rapithanization, increasing literacy, changing life
style, consumeristic attitude and industrial grovgtiper consumption in South Africa increased
by 125 000 tons to 2.1 million tons from 2004 t®2QPAMSA, 2006/7). In the year 2006, 1
056 000 tons of printing and writing paper wereduced in South Africa of which 56% (587
000 tons) was consumed domestically and the rgsoreed (PAMSA, 2007). Due to poor
collection and segregation practices in South Afribhe wastes paper recovery rate is low and

has been reported to be as only 20%. (PASMA, 2007).

Land application of manure is one practice the &asrhave adopted as a way of recycling
nutrients and disposal of the manure. However arebehas shown that application of manure to
fields can lead to high nitrate, phosphate and Isakls in the soil and run off (Tillman &
Surapaneni, 2002; McLeod & Hegg, 1984). The narnitnogen to phosphorus ratio in cattle
manure often results in excess loading of phosghwtuen application rates are based on crop
nitrogen demands (Dao, 1999). Besides the elevatgdents levels problem manure also
contains human pathogertsscherichia col0157H:7 is one of the many strains of the bacterium

Escherichia coli (E. cojiand this has been reported to occur in cattleurga(O’Connor, 2002)
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and has been reported to cause serious diarrhpeaiaty in immonodeficient people such as
those with HIV and acquired immune deficiency symde (AIDS). Land application of raw
manure can also potentially spread pathogens tavither environment (Bachkt al, 2002). In
CanadaE. coli 0157H:7 contaminated water caused seven deathsnadé more than 2000
people ill in Walkerton, Ontario in May 2000 (O’ @wor, 2000). The outbreak was linked to
contamination of the town’s water supply from laaplplication of livestock manure from a
nearby farm (O’Connor, 2002). Even land applicatdstock piled manure poses a threat since
Kudvaet al (1998) reported thd. coli0157H:7 survived for more than a year in a noateer
ovine manure pile that was exposed to environmesdatitions. Reports dE. coli 0157H:7
infections after consumption of spinach, lettucd ather crop produce after the use of animal
manures or manure based soil amendments as fadilimve been made (Ackessal, 1998;
CDCP, 2006; Rangedt al, 2005). Besidek. coli bacteria, animal manures are also sources of
Cryptosporidiumspp andsiardia spp protozoan parasites (Garbeal, 1994).Cryptosporidium
spp is an important human pathogen as evidenceskewgral outbreaks of cryptosporidiosis in
the past decade; the most severe of these outboeakisred in Milwaukee, Wis. USA, where
more than 40 000 people were infected (MacKeretieal, 1994). Cryptosporidiosis is a
particularly serious health threat to immunodefitiendividuals because there is no effective
cure for the disease. Likewise giardiasis is alsan&ction of the small intestines caused by the

parasitesGiardia spp but unlike the former disease the latter hasg@a (MacKenziet al, 1994).

Other methods of disposal methods include use afpdsites and incineration. Some of the
measures adopted to solve disposal problems hasetecr more serious problems. At the
University of Fort Hare, paper and other green as$tom the university grounds are usually

incinerated in an open dump just outside the usityeand this could be a major source of air



pollution with the production of carbon dioxide asll as oxides of nitrogen which are major
greenhouse gases. The use of dump sites is baogntinued by many municipal authorities as
land has become scarce and expensive. Dumpsitedsarenvironmental disaster areas due to a
variety of reasons. Firstly there is the dangecaftamination of underground water through
leaching of poisonous chemicals in these dump.s8esondly fire out breaks can occur in these
places due to production of methane in the dumpspdsting of wastes can therefore be used

to address the management and disposal problemg tairently faced.

However, there are a number of challenges that ansg with use of composts as sources of
nutrients due to their often low nutrients conteoupled with low availability of present
nutrients (Brady & Weil, 2008). Low nutrient avdlaty is partly attributed to the fact that
composted materials when applied to soil decompasé mineralize more slowly than
uncomposted organic materials (Brady & Weil, 20@)mposts also have high P to N ratios in
comparison to plant needs and as such attemptset@amposts as principal sources of plant
nutrients can result in application of pollutingéés of P {bid.). During composting more labile
organic substances are decomposed and compostly ysagide less benefit to soil aggregation

than would fresh residues (Brady & Weil, 2008).

1.2.3 Thermophilic composting

Composting is an accelerated biooxidation of organatter passing through a thermophilic

stage (45 to 65 °C) where microorganisms (mainttdséa and fungi and actinomycetes) liberate
heat, carbon dioxide and water (Dominguez & Edwaf®97). Finished compost is a more

stable product made up of microbial residues ardribre resistant organic compounds from the

raw materials (Dominguez & Edwards, 1997).
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Elements Necessary for Composting

Five factors that are critical for composting pregere: temperature, air, moisture, carbon-
nitrogen ratio, and pH levels. Temperature is aomdgactor in determining the type of
microorganisms, the rate of metabolic activitias @#he rate of biodegradation of the organic
waste (Hobsowet al, 1993). Air supplies aerobic microorganisms waitygen and air movement
is necessary to remove water from wet substratesigh drying, and to remove heat and carbon
dioxide generated by organic decomposition which kelp to control process temperatures

(Haug, 1993).

Moisture is essential to maintain microbial activitack of moisture can impose severe rate
limitations on the composting process. Moistureelsvmust be high enough to assure adequate
rates of biological stabilization, yet not so hiplat free airspace is eliminated which can reduce
the rate of oxygen transfer and in turn the ratbiolfogical activity (Haug, 1993). The majority
of composting processes should operate with maistontent in the 40 - 60% range (Haug,

1993).

The C: N ratio has a fundamental significance bgseautrogen is necessary to support cellular
synthesis and carbon makes up the largest fractionganic molecules in the cell (Haug, 1993).
Carbon is oxidized (respired) to produce energy ametabolized to synthesize cellular
constituents. Nitrogen is an important constitugnprotoplasm, proteins, and amino acids. An
organism can neither grow nor multiply in the alzgeaf nitrogen in the form that is accessible
to it. Although microbes continue to be active with having a nitrogen source, the activity
rapidly dwindles as cells age and die (Diazakf 1994). During active aerobic metabolism,
microbes use about 15 to 30 parts of carbon fdn pad of nitrogen. Hence, rapid composting is

favored by maintaining a C: N ratio of approximgt80 or less. A higher C: N ratio can slow the
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compost process, however a C: N ratio that is tme tan lead to a loss of nitrogen as

ammonium N (Inbaet al., 1996).

Very low or very high pH levels can limit the rad&microbial activity. The optimum range for
most bacteria is between 6.0 and 7.5, whereaspti@am range for fungi is 5.5 to 8.0 (Diat

al., 1994). Fortunately, composting has a rather unajibty to buffer both high and low pH
back to a neutral range as composting proceeds. affiiity to buffer extremes of pH is caused
by the fact that both carbon dioxide (a weak aaittj ammonia (a weak base) are released as a
result of organic decomposition (Haug, 1993). Cardmxide is an end product of all organic
decomposition, while ammonia is an end productrofgin decomposition. These components
will tend to neutralize extremes of low or high ptherefore, pH adjustment of the starting

substrates is usually not required.

1.2.4 Compost stability, maturity and quality

According to Bernalet al. (1998a) maturity and stability of compost imply tabsence of
phytotoxic compounds and plant or animal pathog®fmre specifically, they cite stability as
generally related to microbial activity, whereastunidy is more associated with the absence of
phytotoxins. Microbial activity is widely acceptexs the most reliable indicator of compost
stability and several studies have attempted taetaie various physical and chemical
parameters to respiration (Bermdlal.,1998a; Beletet al, 2001; Eggen & Vethe, 2001; Brewer
& Sullivan, 2002). Microbial respiration, as measlirby Q uptake and C@ production,
generally decreases with the loss of readily bicadgpble carbon and the subsequent
stabilization of the remaining fractions (BrewerS&llivan, 2002). Brewer & Sullivan (2002)

reported high respiration rates during the firstd2ys of aerated yard waste compost, and stable
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respiration during the curing period of 70 to 12&%l Microbial biomass is another measure of
stability (Bernalet al, 1998b). Beletet al (2001) estimated microbial populations not onyy b
respiration, but also by measuring colony formingitai (CFUs) and cell counts using
epiflourescence microscopy. In a forced-aeratiomwow of household and yard waste compost
bulked with wood chips, they found a significantretation between compost age and decrease
in microbial CFUs, respiration, and bacterial @alints. Water-soluble organic carbon generally
decreases with time and is often used as anotkeraiior of compost stability (Bernat al,
1998b; Beleteet al, 2001; Eggen & Vethe, 2001). Berredlal (1998b) reported reductions in
water soluble organic C in various mixtures of sggyanunicipal solid waste (MSW), pig slurry,
crop residues, and oliv®©(ea europaepmill wastewater, and attributed the decreased e

rapid degradation of sugars, amino acids, and gegti

As compost stabilizes, the ratio of humic to fulaiwids (humification) increases, due to loss of
readily degraded fulvic acids (Berretlal, 1998b). C: N is measured either in a solid coshpo

a compost water extract. The N concentration iruneatompost is generally very low and the C:
N in compost is generally higher in the solid cosiptihan in the water extract (Berretlal.,
1998b; Eggen & Vethe, 2001). Other research hasleded C: N with other stability indices
(Bernalet al., 1998a; Bernaét al, 1998b; Eilancet al, 2001). While the C: N ratio will vary
depending on the compost feedstock, C: N raticstlesn 12 are often considered stable (Bernal

etal., 1998b).

Nitrification is another measure of compost mayrbince temperatures greater than 40 °C
inhibits nitrifiers, nitrification generally occurafter the thermophilic phase. Mineralization of
organic N is limited during the final phases of gasting when little ammonium is available to

bacteria (Sanchez-Monedezbal, 2001). As phytotoxic Ni concentrations decrease and NO
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concentration increases, the compost is considera@dre (Bernakt al, 1998b; Eilandet al,

2001).

Compost quality refers to absence of foreign malgisuch as glass, plastics, nails, absence of
pathogens and low heavy metal content as wellgs mitrient content. Heavy metals should be
within set limits and different countries have diffnt limits for the different heavy metals. With
pathogens there are also set limits depending ercalintry. In South Africa there are no set
limits for compost quality parameters and as shehUSEPA guidelines are usually used. In the
case of pathogens, composts are considered saferman handling and application to food and
none food crops when the fecal coliform numberth@éncomposts < 1000 MPN fecal coliforms

per gram (USEPA, 1994).

1.2.5 Effects of thermophilic composting on pathoges content and nutrient composition of
composts.

Thermophilic composting has been shown to reducafete pathogenic organisms in wastes
such as biosolids (Dumontet al, 1999). Other workers have reported eliminatibrcaiform
bacteria in composted dairy manure feedlot manuegngy et al, 2003). Composting also
eliminates parasitic protozdaiardia and Cryptosporidium(Larneyet al, 2003). The principal
mode of disinfection is based on time-temperatatationships that destroy pathogens although
antagonistic microorganisms and ammonia may alag alrole (Epstein, 1997). For pathogen
elimination during windrow composting of biosolidemperature should be maintained at > 55

°C for 15 days or longer (USEPA, 1992).

However, even though the elimination of pathogelys composting is well documented

(Krogmannet al, 2002, Tiqueet al, 2002) composting regimes (time, temperatureliired to
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achieve elimination of pathogens vary widely. Tur(g002) demonstrated inactivationtf coli

in pig manure feces and cereal straw after onlya2 56 °C. In contrast, Schleiff & Dorn (1997)
reported thatE.coli could be cultured from dry poultry manure after &Bys of composting.
Research is required to establish composting redimee, temperature) required to achieve

elimination of pathogens in dairy manure-waste papgtures.

The thermophilic stage of composting is when triismfecting temperatures are attained and as
well it is the period of intense organic matter @&@ation. Composts which do not attain
thermophilic temperatures are usually less stadgliand contain less nutrients than composts

that attain thermophilic temperatures (Mupoetal, 2006).

1.2.6 Vermicomposting

Vermicomposting as a practice started in the midefle20th century and the first serious
experiments were established in the Netherland$9ir0, and subsequently in England, and
Canada. Later vermiculture practices were followetdSA, Italy, Phillipines, Thailand, China,
Korea, Japan, Brazil, France, Australia, and Is(gelwards 1988).Vermicomposting involves
the use of earthworms to mix, fragment and aei@tece material, making it more conducive to
microbial activity and generally avoiding the thexphilic temperatures (Haret al, 1988). It is
usually carried out by epigeic earthworms (surfeemelers) and the species commonly utilized
for this purpose ar&isenia fetidaand its related speci€3senia Andrei These two species are
prolific, have a wide temperature tolerance, and g@w and reproduce well in many kinds of

organic wastes with a wide range of moisture cast@adwards, 1988).

Vermicomposting results in a highly humified prot(dincelas-Akpa & Louquet, 1997) which

contains most nutrients in plant-available formehsas nitrates, phosphates, and exchangeable
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calcium and soluble potassium (Oroatal, 1996). The low operating temperatures (<359C) i
vermicomposting, however, are not high enough fareptable pathogen and weed seed Kill

(Ndegwa and Thompson, 2001).

Basic Requirements for vermicomposting

In order for vermicomposting to successfully takacp there are a number of basic requirements

that have to be met. Some of these are discus$a.be

(i) Moisture

Water constitutes 75 - 90% of the body weight atre@orms, so prevention of water loss is
important for earthworm survival (Edwards and Loft977). Earthworms also need a moist skin
in order to breathe and therefore a moist envirarineerequired for their growth and survival.
Edwards (1988) found the optimum moisture condgitor E.fetidato be 80 - 90% with a limit
of 60 - 90%. However, in an earlier study, Reinree&kVenter (1987) observed that earthworms
have different moisture requirements at differéages of growth. The moisture preference of
clitellate cocoon-producing (adulb. fetidain separated cow manure ranged from 50% to 80%
for adults, but juvenile earthworms had a narromeisture range of 65% to 70%. Furthermore
clitellum development occurred in earthworms at shoe contents from 60% to 70% but is
delayed at lower moisture content ranges from 56%0% (bid.). Clitellum is part of the
reproductive system of earthworms that secretesseidvsac in which eggs are deposited

Edwards, (1998).
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(i) Temperature

Temperature just like moisture content of organastes is also a major factor in determining the
growth of earthworms. The activity, metabolism, wtlo, respiration, and reproduction of
earthworms are all greatly influenced by tempemt{Edwards & Bloom, 1996). The
temperature limit for survival of earthworms varlestween species (Lee, 198E)senia fetida
thrives well in at temperatures of between 25-308€can tolerate temperatures ranging from O
to 35 °C (Edwards, 1988). Reineclet al (1992) foundE. fetidato be more suited for
vermiculture in Southern Africa compared to twoesthpecies they tested because it had a wider
temperature tolerance. During the reproductiveestayf earthworms require lower temperatures

of less than 25 °C which are less than those redidiar rapid growth Aston (1988).
(i) Worm stocking density

Neuhauseet al (1980) studied the effects of population densitygrowth and reproduction of
of E. fetidaand showed that the earthworm growth decreasddimdteased population density.
Using regression analysis they estimated the iddatking density forE. fetida to be
approximately 0.8 kg-worms fon horse manure and 2.9 kg-worm& on activated sludge.
Later, Domiguez & Edwards (1997) working wilfisenia andreiconcluded that, whereas
individual worms grew more and faster at the lowespulation density, the total biomass
production was maximum at the highest populationsdg. They observed that at higher
densities, the worms sexually matured faster thdaveer stocking densities. In a related study,
Ndegwaet al (2000) reported that a density of 1.60 kg-worrf nesulted in the highest
bioconversion of biosolids into earthworm biomassl @lso produced the best vermicompost
though at a lower feeding rate. From the aboves itlear that a high stocking rate is to be

preferred if rapid turnover of materials is desired
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(iv) pH

The distribution, numbers, and species of earthwgdimat live in any particular environment are
limited by the pH of the environment. Edwards (19&88ind the optimal pH foE. fetidato be a
pH of >5 and < 9. However, Edward (1995) found that whergia choice in a pH gradiel,

fetidatended to move towards the more acid materials avjpH preference of 5.0.

(v) C: Nratio

Organic carbon and inorganic nitrogen are importantell synthesis, growth and metabolism
in all living organisms including earthworms (Ndegg\& Thompson, 2000). Airat al. (2006)
reported that low C: N ratio materials resultegmearthworm population that consisted mainly
of mature adults with a higher mean individual virtithan in high C: N ratio. However, in high
C: N ratio materials the population consisted ofmyguveniles and hatchlings. A suitable C: N
ratio is, therefore, required for the different eréls used in vermicomposting that will allow for
high earthworm growth and reproduction rates ineortb accelerate waste breakdown and

stabilization.

(vi) Feedstock

The organic material fed to earthworms in vermicosimg is usually referred to as feedstock.
Feedstocks are important in that their quality ooty determines the speed of breakdown by
earthworms and microorganisms but also the nutgentent of the resultant vermicomposts.
Most feedstocks used in vermicomposting are animahures as they happen to be the most
palatable to earthworms. Some of the commonly @isedstocks in vermicomposting and their

benefits and limitations are discussed below.
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(a) Pig manure.

In terms of nutritional value for earthworm, pig muae has been reported to have the highest
nutrient levels in comparison to other manures (&dwet al, 1994; Phillips, 1988; Edwards,
1998). Pig manure is usually in a slurry form nedasing the need for separating solids from
the liquid fraction before the manure can be used/érmicomposting. Fresh pig manure from
the pens may contain high amounts of salts as agelimmonia levels and may not be suitable
for immediate vermicomposting (Edwards, 1998). €fme, separated solids and fresh pig
manure may need to be stabilized first to avoidrleating during vermicomposting (Philips,

1988).

(b) Cattle manure.

Cattle manure can be dairy manure or feedlot mafiare intensive cattle production units or

kraal manure from small scale farmers. The quaditymanure has been reported to vary
according to a number of factors. According to Dureet al, (1981), the composition of

domestic animal manures varies with type and agewhal, feed consumed, bedding used, the
waste management system and climate. Accordingiyy daanures and feedlot manures are
more suitable for vermicomposting as these martegs high nutritional values due to the feed
given to these cattle. In contrast manures frommamal areas are of low quality as these
animals depend on natural grasslands/forests waitBupplements. Animal manures are of high
nutritional value and of special value for both gasting and vermicomposting as they contain

large and diverse populations of microorganisms/fRd.998).

Dairy manure is usually in form of slurry after vaasy of this manure from milking sheds or

parlours. Solids have to be separated from theristutbefore they can be used to grow
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earthworms satisfactorily, but the liquids can leefed back to the solids at a later stage
(Edwards, 1998). Hartenstein (1981) has pointedimatt for cattle manure to be productive for
earthworm biomass it has to be relativdtge of urine as urine contains high salele
which tend to dehydrate earthworms. Manures comat®d with urine may perhaps be suitable
sources tcEisenia fetida aftethe ionic components become assimilated into roiganisms

(Hartenstein 1981).

Extensive work has been done about the palepnficattle solids (either alone or naixe
with other substrates) as a suitable substi@aterermicomposting using different species of
earthworms in different temperatures, differemdisture contents and different population
densities (Chaudhri & Bhattacharjee, (2002)mibwuezet al (2001), Reinecke & Viljoen
(1990), Reinecket al (1992, Edwardst al (1998)) and they all reported that cattle mamneaes
suitable for vermicomposting alone or with addiiveRecently Gupta & Garg (2009)
successfully vermicomposted mixtures of cattle manwith non recyclable paper. They
reported that vermicomposting of dairy manure witicyclable paper increased the nutrient
content of the resultant vermicomposts thus progda method of recycling nutrients from

waste paper.
(c) Poultry manure

Poultry manure contains high levels of ammonia aalible salts and is thus not a suitable
feedstock for vermicomposting because nitrate attdlevels affect the growth of earthworms
and can result in mortality of earthworms (Edwart#98). Nitrate content greater than 1 §'kg
can result in earthworm mortality which may rea®@% at nitrate levels between 3 and 4 ¢ kg

(Edwards, 1998). Salt levels greater than 5§ lkgve been reported to be toxic to earthworms
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(Edwards, 1998). During vermicomposting of poultnanure on its own Leon et al. (1992)

reported a 100% mortality but 84 — 100% survivahwother undiluted and manure substrates.
They attributed the 100% mortality to presenceightevels of ammonium and salts in the fresh
manure. In order to vermicompost poultry manuret®mwn it is necessary to reduce the nitrate
and salt levels by stockpiling the manure (Philip898) or by leaching the poultry manure or

pre-composting it for at least three months beé&aldition of earthworms (Edwards, 1998).

(d) Paper. There is not much information on the use of pamerits own as a feedstock in
vermicomposting. It has been established that tlieemt content of composts is dependent on
the initial materials and the degree of decompmsi{iGaur & Singh, 1995) and paper being
nutritionally poor has traditionally been used terld other composting materials. Paper has
been shown to be low in nitrogen and high in carkesulting in a material with a high C: N
ratio (Gupta & Garg, 2009). Due to its poor nubridl status paper has traditionally been used as
a bulking agent during composting of dairy manuwerg and biosolids (Ndegwet al, 2000). A
bulking agent is used to increase the C: N ratoogity, aeration as well as absorb excess water

of the composting mass.

1.2.7 Compost enrichment

The nutrient content of vermicomposts differs dsedepending on the chemical nature of the
feedstock. In general most composts/vermicompastp@or in phosphorus in comparison with
nitrogen. This could be related to the higher gém content than phosphorus content in plant
and or animal wastes though sewage sludge haségerted to have higher P contents probably
due to anthropogenic inputs thorough detergentsirahastrial wastes processing (McLaughlin,

1984). There are possibilities of increasing thteogen and phosphorus content of composts by
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inoculation with nitrogen fixing microorganisms atige phosphorus content by addition of
phosphate rock and then possible inoculation witlosphate solubilizing microorganisms

(Kumar & Singh, 2001).
(i) Phosphate Rock

Phosphate Rock (PR) is a naturally occurring minewarce of phosphate mined and processed
into soluble phosphate fertilizers. It is much lespensive than soluble phosphorus fertilizers,
and is an amendment that is allowed by organidfication bodies (Zapata & Roy, 2004)

Phosphate rocks generally are apatitic, contaimiaying percentages of2t195 in a calcium

matrix (bid). In South Africa, PR in mined mainly in the Pavaba area in the Mpumalanga
Province (van Linden, 2004). The PR produced tieeeelow grade granitic type with low P and

heavy metal contents (van Linden, 2004).

All PRs contain hazardous elements including heaetals, e.g. cadmium (Cd), chromium (Cr),
mercury (Hg) and lead (Pb), and radioactive elesjyeng. uranium (U), that are considered to be
toxic to human and animal health (Mortvedt & Sikat892; Kpomblekou & Tabatabai, 1994).
The amounts of these toxic elements are dependenhether the PR is sedimentary or granitic.
More of these toxic elements have been reporteatianmore reactive sedimentary type of PR
than the less reactive granitic PR (Van Kauwenhet§87). The reactivity of the PR influences
the availability of Cd to the plant because Cdasiid with P in the apatite structure (Sery &
Greaves, 1996). McLaughliet al. (1997) found that Cd concentrations in clover grawnthe
soil treated with a lower reactive Hamrawein PRy} containing 5.3 mg of Cd Kgper
kilogram were lower than that treated with highdactive North Carolina PR containing 40.3

mg of Cd kg" at the same P rates.
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(ii) Principles of phosphor-composting

Phosphocomposting is a technique of applying PRrg@anic materials and then composted.
During decomposition of organic wastes a lot of nolidal activity occurs and these
microorganisms in turn produce a large amounts@émic acids and humic substances (Gatay
al., 1971). These acids and humic substances camils&tduPR thereby release phosphorus
through acidification of PR by organic acids antigh their chelating ability on calcium, iron
and aluminum (Pohlman & McColl, 1986). The ratioRR to organic wastes which has been
reported to be effective is four parts of organiaste material to one part of PR (dry-weight

basis) (Singh & Amberger, 1991).

(iii) Practical considerations of phospho-compostig

The type of organic materials being composted aedate of decomposition largely determine
the effectiveness of composts in solubilizing PAccording to Mahimairajat al. (1995) plant
materials such as chopped leaves, crop residupscéreal straw) and lawn clippings composted
with animal wastes are favoured because they peothare organic acids and humic substances.
Poultry manure, on the other hand, is to be avoated will reduce dissolution of PR due to the

high amounts of calcium carbonate it contaibgl()

Most phospho-composting work involving PR has beeaostly done using thermophilic
composting (Biswas & Narayanasamy, 2006) with nmafiraited work involving the use of
earthworms to improve the solubility of PR. Vermigmosts have been shown to have high and
diverse microbial populations (Edwards al, 2004) and have also been reported to be more
humified and contain more humic substances than thieemophilically processed aerobic

composts (Senest al, 1992; Masciandaret al, 1997). It is possible that these microorganisms
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and humic substances can enhance the dissoluti®@Rafuring vermicomposting and studies

need be done to ascertain this.

1.2.8 Effects of heavy metals on earthworms

Heavy metals present in sewage sludge, municidal sastes and other organic wastes are
toxic and can accumulate in earthworms. Maletkal (1982) investigated heavy metal toxicity
in E. fetidaand found minimum concentrations for differentnedmts (in ppm dry weight) that
retarded earthworm growth to be: 50 for Cd, 100Gar 12 000 for Pb, 200 for Ni, and 2000 for
Zn. Minimum concentrations for suppression of rejuiciion (ppm) were 25 for Cd, 100 for Cu,

4000 for Pb, 200 for Ni, and 500 for Zibi.).

Reviews by Beyer (1981) and Ireland (1983), haymonted that earthworms can accumulate
heavy metals from both contaminated and non-coma®d environments. Storage ratios or
concentration factors (interchangeable terms #fat ito the ratio of metal in worm tissue to that
in the substrate) tend to be highest in infertdd and lowest in media high in organic matter
such as sewage sludge. Shahmanseural, (2005) have demonstrated that the ability of
earthworms to bioaccumulate heavy metals can bdoieegh to reduce heavy metals in

vermicomposts.

1.2.9 Combining thermophilic composting and vermicmposting

Vermicomposting can accelerate organic matter lssabon when compared with thermophilic
composting. Hartenstein &Hartenstein (1981) redunedn sludge volatile solids content by 9%
in 4 weeks withE. fetidawhich was approximately one third more than thetrmdrwithout

earthworms. Neuhauset al. (1988) useckE. fetidato vermicompost sludge for 4 weeks and

24



achieved a reduction in the mean volatile solidg@at of approximately 28% which was at least
twice that achieved for the control without worritsis possible that an important factor in the
enhancement of stabilisation with vermicompostirag\the lower temperature vermicomposting
regime compared to composting. For example fungsoaated with the decomposition of
cellulose and lignin, are known to favour the méslop rather than the initial thermophilic,

phase of the composting process (de Beretld@il.,1982).

The major drawback in the vermicomposting processthiat, in contrast to traditional
thermophilic composting the temperature must bevo&5°C for survival of earthworms which
is not high enough for acceptable pathogen kill avekd seed destruction (Ndegwa and
&Thompson, 2001). An integrated system approachliberows pertinent attributes from both
the traditional thermophilic composting process dhe vermicomposting process would be
preferable to provide a product free of pathogemsl with desirable characteristics at a faster

rate than either of the individual processes (Nde§irhompson, 2001)..

Researchers have investigated the feasibility ombining thermophilic composting
(precomposting) and vermicomposting to hasten thigilsation of organic matter (Graziano &
Casalicchio, 1987; Fredericksehal, 1997, Ndegwa & Thompson, 2001) and as well taiced
pathogens (Naiet al, 2006). Most commercial vermicomposters use praposted material as
a feedstock to guarantee a weed-free product. &raz:. Casalicchio (1987) recommended the
integration of thermophilic composting and mesdphiermicomposting as a means of sludge
processing, using the coarser compost for “lessialmed” crops and the finer, concentrated

vermicompost for specialty horticulture.
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An important factor in relation to improving the ally and suitability of wastes for
vermicomposting maybe the degree of stabilisationpecomposting of the wastes. Pre-
composting could reduce pathogenic organisms, astdnpally toxic components, such as
ammonia or salts in animal manures or the tannmisaxids in green wastes and improve the
survival of the worms (Gunadit al, 2001). Long pre-composting periods could, howeve
reduce the quality of the wastes in relation taieat availability for growth and reproduction of
earthworms. Fredericksoet al. (1997) noted that precomposting period affectedratisgion
rates during vermicomposting phase and recommeridatl precomposting be kept to a
minimum consistent with wastes sanitization to dwreduction in stabilisation rates during the

ensuing vermicomposting phase.

Though precomposting of wastes before they arddeshrthworms appears to be an important
practice, there in no consensus on a suitable preosting period of wastes. Ndegwa &
Thompson (2001) precomposted biosolids and wagperpaixtures for four weeks whereas
other workers like Naiet al. (2006) used a precomposting period of 9 daykitchen wastes
and recently Lazcanet al. (2008) precomposted dairy manure for 15 days.heuntesearch is
needed then to find an optimum precomposting pesibidh is long enough to destroy pathogen
but at the same time short enough not to alteck®enical composition of dairy manure-waste

paper drastically.

The combination of thermophilic composting and vieomposting results in composts of better
guality than either process. Research has shownctmabining thermophilic composting and
vermicomposting results in wastes that are moreadiegl and stabilized with more available

nutrients than composts from either vermicompostorg thermophilic composting alone
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(Ndegwa & Thompson, 2001; Alidaet al, 2005, Lazcanet al, 2008) and with less pathogens

than vermicomposting alone (Nair et al, 2006).

1.3.0 Uses of vermicomposts

Vermicomposts can be used in several ways: 1) asngainer growing medium, 2) as a
component of a growing medium 3) as mulch or tagssror 4) as a field soil amendment. The
use of vermicompost in a container-growing mediwgnone that requires the best quality

vermicompost.

Growing medium Physical Properties

Physical properties are the most important parasetdated to plant performance in potting
media (Cheret al, 1988). Physical properties are those propethias can be seen and felt,
including colour, structure, texture and behavitmwards air and water (Van Schoer al,
1990). Typically a growing medium consists of datiatter interspaced with pores. The pores
may be filled with air or water, and the relativeportions of pore space filled with water and

air affect plant growth (Van Schoet al.,1990).

The bulk density (BD) of a growing medium is théagaf the mass of dry solids in the medium
to the bulk volume of the medium (Reed, 1996). panous media, the bulk volume is the sum
of the volume occupied by solids and that occupieg@ore space. The mass of dry solids can be
determined by drying the material in a forced-dtdugven at a temperature of 7?G until

constant mass.

The volume of a growing medium is usually equatethe content of the container holding the

medium (Reed, 1996). Media with low bulk densitaes favoured, because they require little
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effort during the mixing process. Low bulk denslgo limits the mass of the containers when
filled with medium, making their transport easy (Bul988). According to Nelson (1991), the
wet bulk density of a growing medium should notlégs than 640 kg th and not more than

1112 kg i,

Total porosity (TPS) of a growing medium is theurak proportion of a medium that consists of
pores (Reed, 1996). Pore space provides a medithmtive capacity to contain water and air.
Particle size distribution and the porosity of wdual particles determine the total pore space
and the volume of water and air a medium can h@d.average, a good peat medium can have

a TPS of up to 96%. An average bark medium haB&df 85 % to 90 % (Smith, 1985).

The water holding capacity (WHC) of a medium is ttidume of water that is retained by a
medium after it has been saturated, and free viatebeen allowed to drain out of the medium.
The amount of water a medium can hold depends tperparticle size distribution of the
medium and the container height and should iddsdlgreater than 20% by volume (Ingrash,

al., 1993).

Air filled porosity (AFP) of a medium is the volunpoportion of a medium that contains air
after it has been saturated with water and alloteedrain. AFP depends on container size. It
increases as the container increases in height¢Nell991). For growing medium an AFP of

between 10 and 20% is considered suitable (Bug8)19

There is lack of information on the effects of PRdi#on on physical properties of
vermicompost. Addition of PR to vermicomposts cherdhe physical properties of the resultant
vermicompost especially so where the PR is apptiead powder form. The PR will increase the

mass and particles in the vermicomposts thus canrease the bulk density and reduce porosity
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of vermicompost. It is necessary then to studyetifects of PR addition with regards to physical

properties of the resultant vermicomposts.
Chemical properties

According to Reed (1996), the pH of a growing mediis a measure of the concentration of
hydrogen ions (B found in the media solution. The pH influences availability of nutrients
in the medium solution. For this reason, plantsallg grow best in a medium with a pH of 5.5

to 6.5 (Ingranet al, 1993).

Electrical conductivity (EC) is used as an indioatiof the salt concentration in a growing
medium. Considering that a medium is expectedufiply plants with nutrients, and nutrients
appear in solution as mineral salts, the electewoalductivity should not be too low. It should
also not be too high, because plants have diffigalextracting water from solutions with a high
salt concentration. According Hanlaet al. (2002), the optimum EC of growing medium
extracts for use in vegetable seedling produci@mmes between 200 and 350 m3ndepending

on the plant to be grown.
Vermicomposts as components of potting medium

Vermicomposts have successfully been used as gattiedia substitutes in a bid to find an
outlet for the product as well as reduce dependencthe ever declining peat. Several studies
have evaluated the effect of vermicompost-amenddting media on plant growth greenhouse
production. Generally, potting medium with 10 to%20/ermicompost by volume provides

adequate fertilization for transplant growth (Atiyetal., 2000).
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In one study, germination rates of greenhouse toesatincreased up to 15% when
vermicomposted pig manure was mixed with peat pgtinedium at 20, 30, and 40% by
volume. The highest marketable yield of fruit waparted in the 20% mixture. Treatments
consisting of 100% vermicompost led to smaller gloand fewer leaves than other treatments,
due to high-moisture and possible phytotoxicityiyAh et al, 2000). Because vermicomposts
alone are not suitable to be used as potting medwento their poor porosity and aeration, they
have been shown instead to be capable of imprgvaag based potting medium’s physical and
chemical properties namely water holding capacitgt autrient content (Atiyelet al, 2001).
Most of the reported work on vermicompost incorpiora has been done using peat based
growing media and very few reports on substitubémpine bark compost growing media. Pine
bark compost is the choice growing medium in Soifiica due to its availability and good
physical properties. Studies therefore needed t@bksh a suitable substitution rate for dairy

manure-waste paper vermicompost into pine bark csingrowing medium.

The foregoing literature review has revealed comdbinthermophilic composting and
vermicomposting is a novel way of that can be ugedanitize and degrade organic wastes.
There is however lack of information on the fed#ipbof using the combined system to sanitize
and degrade dairy manure waste-paper mixturesomgasting wastes for sanitization should
be kept to a minimum to avoid depleting wastesuifients for earthworms. However, there is
Nno consensus on a suitable precomposting periodrddous organic wastes and a suitable
precomposting period for dairy manure-waste papetumes has to be found. Dairy manure
composts are poor sources of nutrients in particiland research elsewhere has shown that
phosphate rock can be used to enrich composts. Wowe work has been done with PR

incorporation into dairy manure waste paper midusgth a view to improve P availability and
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degradation of the wastes during vermicompostimge Bark compost is by far the most widely
used growing medium in South Africa because ofitailability and good physical properties.
However it is acidic and does have sufficient rauttito meet plant needs. There is no reported
work in South Africa on the use of nutrient richrmécomposts to amend pine bark compost
medium in order to improve its chemical and physimaperties. This study was therefore

carried out to address the above mentioned concerns
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CHAPTER TWO

EFFECTIVENESS OF COMBINED THERMOPHILIC COMPOSTING
AND VERMICOMPOSTING ON BIODEGRADATION AND
SANITIZATION OF MIXTURES OF DAIRY MANURE AND WASTE

PAPER

2.1 ABSTRACT

Thermophilic composting is commonly used for biogension of organic wastes or for

production of organic fertilizers but vermicompastiis also increasingly becoming popular.
These two techniques have their inherent advantages disadvantages. In this study
vermicomposting and a combination of thermophil@mmposting and vermicomposting were
compared as ways of sanitizing and biodegrading eaanure and waste paper mixtures with C:
N ratios of 30 and 45. Wastes with a C: N ratio 38 proved more suitable for both

vermicomposting and combined thermophilic compastiand vermicomposting as their
composts were more stabilized and had higher migrieontents than composts made from
wastes with a C: N ratio of 45. Both vermicompogtiand combined composting and
vermicomposting were effective methods for the bgrddation of dairy manure and paper
waste mixtures with C: N ratio of 30 but the latteais more effective in the biodegradation of
waste mixtures with a C: N ratio of 45. Combiningerrmophillic composting and

vermicomposting eliminated the indicator pathoden coli 0157 from the final composts

whereas vermicomposting only managed to reducpdtteogen population.

Keywords: Biodegradation; C: N ratio; Dairy manukgisenia fetidaE. coli0157; Humification

index; Thermophilic composting; Vermicomposting; $#&apaper
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2.2 INTRODUCTION

The increasing rate at which organic wastes amegbgenerated has created major waste disposal
challenges in both developed and developing casiffiriphati & Bhardwaj, 2003). Among the
solids wastes of concern is waste paper whose ptioduand consumption has increased in
South Africa by 125 000 tons to 2.1 million tonsrfr 2004 to 2005 (PAMSA, 2006/7).
Although no research has been done on the amofiptper generated at the University of Fort
Hare, the amounts have since increased with threase in the enrollment from 8876 students
in 2007 to 10116 students in 2009 according to dya@ardner (2010, 05-05-2010, Fort Hare
Planning Unit, personal communication). Accordiadrichard Scott (26-05-2010, University of
Fort Hare Xerox Manager, personal communicatione) amount of printing paper used at the
university of Fort Hare increased from 2.4 tonsmpenth in 2007 to 3.2 tons per month in 2010.
The large volumes of paper produced at Fort Hagerminerated in an open dump, contributing

to greenhouse gases, like £@ the atmosphere (Ndegwa & Thomson, 2001).

Besides paper the University of Fort Hare Dairynirdras well over 700 head of cattle that
generate equally large amounts of wastes in the foir animal excreta. James al. (2004)

estimated that dairy cows in free stall barns peedapproximately 2000 kg of manure/Animal
Unit (AU)/yr on a dry weight basis (1 Animal Unit#3 kg) and it is apparent then that the

amount of manure produced at the university dargnfis huge.

A common disposal avenue for animal manures ig & in agriculture as soil amendments.
Cattle manure is, however, reported to containquhic faecal bacteria and recent studies have
established a link between application of raw meanand water contamination by faecal
coliforms such agscherichia coli(E. col) 0157, which causes intestinal diseases and sleath

(O’'Connor, 2002). In fact, in the United States Arherica, outbreaks oE. coli 0157:H7
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infections associated with consumption of spinalttuce and other produce crops have
implicated animal manures as sources of pathogefraits and vegetables (Ackegs al., 1998;
CDCP, 2006; Rangedt al, 2005). Therefore, the management of animal nentor recycling
in agriculture must, of necessity, incorporate tzation to minimize potential disease

transmission.

Thermophilic composting and vermicomposting are tiahe best-known processes for the
biological stabilization of solid organic wastesiefmophilic composting allows sanitization of
the waste by the elimination of pathogenic micramigms (Lunget al, 2001). However, it

requires a long duration, frequent turning of thaterial, and results in loss of nutrients during
the prolonged composting process, while the he@regus nature of the final product makes it
less desirable (Ndegwa & Thompson, 2001). The teghperatures (>60°C) associated with the
process are also known to inhibit decomposition rgBa & Lopez-Real, 1991).

Vermicomposting, which involves the bio-oxidationdastabilization of organic material by the
joint action of earthworms and microorganisms, ltssin a more homogenous product.
However, pathogen removal is not ensured sincedhmperature is always in the mesophilic
range, although some studies have provided evidehseppression of pathogens (Monrely

al., 2008).

The combination of thermophilic composting and vieomposting could provide the combined
benefits of the two systems (Ndegwa & Thompson 12@0idadi et al, 2005; Nairet al, 2006;
Tognetti et al, 2007). While thermophilic composting enables itsgation of wastes and
elimination of toxic compounds, the subsequent ve&smposting reduces particle size and
increases nutrient availability (Ndegwa & Thompsd@@01l). Combined thermophilic and
vermicomposting has been studied with a varietynaterials including biosolids (Ndegwa &
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Thompson, 2001; Alidadet al, 2005), kitchen wastes and green waste mixturesr @ al,
2006) as well as cattle manure (Lazicatal, 2008). They all reported enhanced stabilization
and higher nutrient contents in vermicomposts fritrta combined system than from either
individual processes. There is need therefore tterohene the feasibility of combined

composting of dairy manure-waste paper mixtures.

The role of organic carbon (C) and inorganic nigmog(N) in cell synthesis, growth and
metabolism is critical for all living organisms Ioding earthworms (Ndegwa & Thompson,
2000). Different earthworm species are impacteféihtly by C: N ratio and feed mixture type
(Aira et al,2006). Besides the impact on earthworms, precstiqgpwastes low in C: N ratio

could not only result in high nitrogen losses bisbahe production of wastes which could be
unsuitable to earthworms due to high levels of amoma nitrogen and salinity (Kirchman

&Widen, 1994). Wastes with high C: N ratio wouldnleét from such precomposting through a
reduction in the C: N ratio and hence an improvenremutritional value of wastes. Therefore,
studies are necessary to establish optimal C: Msrdbr dairy manure-waste paper mixtures

vermicomposted usingisenia fetida (E. fetida).

There is little or no local information available the effectiveness of combined thermophilic
composting and vermicomposting on biological stahilon and sanitization of mixtures of
dairy manure and wastes paper. The aim of thisystuas to combine thermophilic composting
and vermicomposting in the bioconversion of dairgnure and waste paper mixture. Specific
objectives of this study were to determine (i) tb@mparative effectiveness of combined
thermophilic composting and vermicomposting on thedegradation of mixtures of dairy

manure and paper waste with different C: N ratimsd (ii) the effectiveness of combined
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thermophilic composting and vermicomposting ongaeitization of biodegraded dairy manure-

waste paper mixtures.

2.3 MATERIALS AND METHODS

2.3.1 Experimental site, wastes and earthworms uitded

The study was carried out at the University of Féare located 32°465 and 26°50E in the
Eastern Cape Province of South Africa in an opensbaded yard. Dairy manure used in the
study was obtained from the Keiskammerhoek Dainjdet located about 60 km North East of
the University of Fort Hare, while shredded wasépgy was obtained from the Duplicating
Center of the University of Fort Hare. Represemtasamples of dairy manure and shredded
paper were air dried, and ground to pass throughran sieve and then analyzed for pH, EC,
total N, C and P, available N and P, volatile d®l{organic matter), and ash. The earthworm
speciesEisenia fetidalcommonly known as red wigglers) (Edwards and BohlL996) obtained
from East London, Eastern Cape Province, SoutlcAfwas used in the study. The earthworms

had been fed on grass cuttings and vegetable wastdsee months before use.

2.3.2 Composting treatments
Composting was done using mixtures of dairy marauré waste paper mixed to obtain C: N
ratios of 30 and 45. The composting methods wereofitrol (C) (ii) vermicomposting (V) and

(iif) combined thermophillic composting and vermigposting (CV). ,

Control (C)

In the control, mixtures of dairy manure and sheztidiaste paper having C: N ratios of 30 and
45 were put into vermicomposting boxes (similareses those for vermicomposting) and

watered to 80% moisture level recommended for vesmposting but no earthworms were
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introduced. The waste mixtures were allowed to late for eight weeks without further

treatment except moisture adjustment.
Vermicomposting (V)

Vermicomposting was performed in boxes measuris & 0.40 x 0.30 th(length x width x
depth) which provided a 0.2%mf exposed surface area. Mature earthworms weéradinced at

a stocking rate of 1.6 kg-worms/into the worm boxes and fed at the recommendedafate
0.75 kg-feed/kg-worm/day (Ndegwe al, 2000). Enough feedstock (14 kg dry weight Basis
consisting of mixtures of dairy manure and shreddedte paper having C: N ratios of 30 or 45
was provided to meet the needs of the earthwormshio entire eight week period. Moisture
levels were maintained at about 80% MC level. At &md of the eighth week the worms were

separated from the vermicompost.
Combined thermophilic composting and vermicompostig (CV)

Dairy manure was mixed with shredded waste papgivifeedstock materials with ratios of 30
and 45. Thermophilic composting of the wastes \ii@s tdone in boxes measuring 1m x 1m x
1m (length x width x height) for four weeks. Thesies were weighed and mixed manually on a
polythene sheet using shovels. Mixing was doneateggly from one end to the other adding
water to 60% moisture content, before the materadse loaded into the composting boxes.
Compost and ambient temperatures were taken dailfotir weeks while MC was determined
weekly and used as a basis for its adjustment %6. @urning was done biweekly. At the end of
four weeks the waste mixtures were vermicompostedough of the composted feedstock was

provided to meet the needs of the earthworms fetitire four weeks (28 days) of this phase of
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the experiment. The vermicomposting process wasitated at the end of the fourth week at

which time worms were separated from the vermicahpo

Samples were taken for analysis at the beginninthefexperiment (feedstock), four weeks

(intermediate composting phase) and at eight wleled composts) for all the treatments.

2.3.3 Analyses
The samples were analyzed for moisture content (MGlatile solids (VS), ash content, total
carbon (C), total nitrogen (N), inorganic N (niggalN and ammonium — N), total and available

phosphorus P, humic substances Bndoli 0157 population.

2.3.3.1 Methods of analyses

Moisture content (MC) was determined gravimetricdlly oven drying samples at 70°C to
constant mass and expressed on a wet-weight Bamisother determinations, representative
samples were dried in an oven at 60°C until constaight and then ground (< 2mm) to provide
a homogenous sample. Volatile solids were obtamedshing at 550°C for 4h (Atiyedt al,
2000). Electrical conductivity (EC) and pH were etatined potentiometrically in a 1:10
(compost: distilled water) suspension as describgdNdegwa & Thompson (2001). This
suspension was shaken on a mechanical shaker ap@8tbr 30 minutes and allowed to stand

for an hour prior to pH or EC measurement

Total nitrogen (N) and carbon (C) were determinsthg a Truspec CN Carbon / Nitrogen
Determinator (LECO Corporation, 2003). Total phaspis (P) was extracted by wet digestion
using the concentrated sulphuric acid, seleniumiyuiin sulphate and hydrogen peroxide mixture
as described by Anderson & Ingram (1996). The comagon of P in the digest was then

determined by the molybdenum blue colorimetric radth
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Mineral nitrogen (NH'-N and NQ'-N) was extracted from fresh compost samples wifhM
K>SO, (Okaleboet al, 2002). The nitrate and ammonium concentration® wetermined using

a spectrophotometer after development of a yellomMow using 5% salicylic acid in
concentrated sulphuric acid for nitrate-N and aeblkolour using salicylate-nitroprusside
colorimetric method (Okalebet al.,2002). Available P of organic wastes was estichatgng

the Bray 1 extractant for nitrate (Okaledtoal, 2002). The amount of phosphorus extracted was

determined by the molybdenum blue colorimetric rodth

Humic substances were extracted by treating samplis0.1 M NaOH (1:20 w/v ratio) and
constantly shaking for 4 h (Gara al.,1993). After centrifugation for 15 min, at 8000 rptime
supernatants were divided into two fractions, ohw/luich was stored for later analysis of total
extractable fraction (&), and the other adjusted to pH 2 with concentratg®siO, and allowed
to coagulate for 24 h at 4°C. The precipitates thaned constituted the humic acid fraction

(HA) while fraction that remained in solution caisted the fulvic acids (FA).

The two fractions were separated by centrifugaéisescribed earlier and stored for carbon (C)
analyses by the Walkely Black method as descrilyefifalerson and Ingram (1996). The carbon
concentration of the humic acid fractionsyff was calculated by subtracting the fulvic acid
fraction C (Ga) from the total extractable C fractiong¢. The humification ratio (HR) and
humification indexes (HI) were calculated using &iipns 1 and 2 respectively:

HR=(C., /C)*x100 Equation 1

HI =(C,,/C)x100 Equation 2

Presence oE. coli in the initial and final composts was determinadoatlined by Berry and

Wells (2008). A sample (5g) of either waste mixtarecompost was added to 45 ml of peptone
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buffer and mixed using a blender. Serial dilutiohd0? 10°, 10% 10° and 10° were prepared
from the 1: 10 dilution and the £@nd 1 dilutions were used fdE. coli enumeration. A 50 pl
portion was plated onto CHROMagar 0157 (DRG Inteomal) containing 5 mg/L novobiocin
and 2.5 mg/L potassium tellurite (tCHROMagar O15lh)e CHROMagar O157 plates were
incubated at 42°C for 24 hours and enumerdteatoli O157 colonies are flat, mauve-colored
colonies without distinct centers. Plates with Iéisan 20 or more than 300 colonies were
discarded. The presumpti¥e coli O157 colonies were identified via an agglutinatiest using

E. coli O157:H7 latex. Presence of agglutination confirmkd presence oE. coli O157
bacteria. Colonies subjected to agglutination veste then indentified a&. coli with API 20E

kits.

2.3.4 Statistical Analysis
Analysis of variance (ANOVA) was carried out on tharious data sets using GENSTAT
Release 4.24 (Lawes Agricultural Trust, 2008) whileeans were separated using least

significant difference method (LSD) at0.05 level of significance.

2.4 RESULTS

2.4.1 Chemical characteristics of the wastes

Dairy manure had higher nitrogen content and loveebon content than waste paper resulting in
a lower C: N ratio (Table 2.1). The pH of both gamanure and waste paper was alkaline but
EC was higher in dairy manure than in paper. Tlhecastent of paper was also much lower than

that of dairy manure.
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Table 2.1: Selected chemical properties of wasted in the study

Raw material
Chemical Property Dairy Manure Waste paper
pH 78+0.1 8.2+0.3
EC (mSn) 440+ 2.0 0.18 0.1
Total N (gkg") 24+25 3+0.6
Total C (gkg") 321 +3.0 370 +5.3
C:N 13.2+0.6 123 £3.7
Total P (gkd) 2.9+0.4 0.5+0.1
C:P 110 £5.0 740 £ 15.5
Ash (gkg) 379+8.5 178 +4.5

Parameters reported as mean * standard deviation

The P content of manure, at 2.9 g'kgvas much higher than that of waste paper, whidlg o

contained 0.39 g khresulting in a much lower C: P ratio for manure.

2.4.2 Temperature profiles during the thermophiliccomposting phase

Composts with C: N ratio of 30 maintained therméiptiemperatures from the second day up to
the end of the composting period, reaching a mamxintemperature of 72°C on thd' Slay
(Figure 2.1). By contrast, composts with a C: Noraff 45 attained a maximum temperature of
only 54 °C after 4 days of composting which dropped0 °C by day 7. After the first turning,
temperature increased to thermophilic ranges Priait decreased thereafter until termination of

this phase of the experiment after 28 days.
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Figure 2.1: Temperature profiles of dairy manugaper waste mixtures during the

thermophillic composting phase prior to vermicostpw.

2.4.3 Degradation and humification of composted waess

Feed-stocks with a C: N ratio of 30 had higherasth lower VS contents than feed-stocks with a
C: N ratio of 45 (Table 2.2). Volatile solids deased by between 4% and 27% as a result of
composting and the decreases were influenced hydmohposting method and the C: N ratio of
waste mixtures. The greatest reductions in VS wbeerved in waste mixtures with a C: N ratio
of 30 where VS in final composts was reduced by 2a8d 23% by vermicomposting and

combined composting and vermicomposting, respdgtive
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Table 2.2: Effect of composting method and C: Noraif dairy manure and paper waste
mixtures on ash, volatile solids (VS) contents ar@hn percentage change in these parameters in

the final composts in response to treatments.

Feedstcok Composting Composting Ash VS % Change
C:Nratio Method Stage (Feedstock vs Final
Product)
Ash VS
30 C 0 Weeks 24 76
4 Weeks 26 74
8 Weeks 27 73 21 7°
\Y 0 weeks 25 75
4 weeks 32 68
8 weeks 46 54 79 27
Cv 0 weeks 25 75
4 weeks 34 66
8 weeks 42 58 72 23
45 C 0 Weeks 19 81
4 Weeks 20 80
8 Weeks 21 79 21 -4
\Y 0 weeks 18 82
4 weeks 22 78
8 weeks 26 74 vyl -o°
Cv 0 weeks 18 82
4 weeks 26 74
8 weeks 28 72 53 -1

C= Control (Dairy manure-paper waste mixtures adldwo decompose on their own); V=
Vermicomposting; CV = Combined composting and Veomposting.] Volatile solids

decreased by between 4% and 27% as a result ofastimg and the decreases

By contrast, the ash contents of the compostedun@gtincreased by between 21% and 79%.

The increase in ash was similarly affected by baimposting method and C: N ratio. The
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increase in ash followed the order V30 > CV30 > 6\ C30 = C45, which was similar to

reductions in VS (Table 2.2).
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V= Vermicomposting CV = Combined thermophilic camsping and Vermicomposting.]

Figure 2.2: Effect of feed stock C: N ratio of daimanure-paper waste mixtures and
composting method on extractable fulvic acid (F&)d humic acid (HA) carbon

contents.

Dairy manure and waste paper mixtures with C: Mrat 30 had higher £ and Gja contents
than mixtures with ratio of 45 at the beginninglod experiment and this relative difference was

maintained even in the final composts (Figure 2I2)e Gya of waste mixtures of both C: N

ratios increased with composting time while thg €ontent decreased (Figure 2.2).
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Table 2.3: Effect of composting method and C: tibraf dairy manure and paper waste

mixtures on selected compost maturity parameters

Composting Composting Selected maturity parameters
Method Stage

CunlCen HI (%) HR (%)

Mixtures with C: Nratio = 30

C 0 weeks 0.2 1.4 13
4 weeks 0.4 9.4 13
8 weeks 1.0 10 19
V 0 weeks 0.1 1.5 14
4 weeks 1.0 11.2 22
8 weeks 2.8 39 53
(04Y) 0 weeks 0.1 1.4 13
4 weeks 14 9.7 24
8 weeks 3.6 40 52

Mixtures with C: N ratio = 45

C 0 weeks 0.1 0.6 6
4 weeks 0.4 53 7
8 weeks 0.8 4.4 9
\Y, 0 weeks 0.1 0.4 6
4 weeks 0.5 5.4 8
8 weeks 13 6.6 12
cVv 0 weeks 0.1 0.5 6
4 weeks 0.7 51 9
8 weeks 1.6 8.1 13
LSD 1.0 134 16. 8

C= Control (Dairy manure-paper waste mixtures afldwo decompose on their own); V=
Vermicomposting; CV = Combined composting and Veomposting. Ga= Extractable humic
acid carbon; € = Extractable fulvic acid carbon HI = Humificatiamdex; HR= Humification
ratio.
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The increase in G and decrease ing translated to increases in theaL Cea ratio with
composting time (Table 2.3). They£ Craratio was highest in the final vermicomposts of\C:
ratio of 30 from the V and CV composting systemslsttihe least Ga/ Cra Were recorded for
all vermicomposts from wastes of C: N ratio of #6e HI and HR values in final composts of
vermicomposting and combined systems of wastes &f @tios of 30 were comparable and far
greater than those of all vermicompost from waseteS: N ratio of 45 from similar composting
systems. For both C: N ratios there was no mffee in HR and HI indices between the
different CV and V composting methods though HI @i were significantly higher in

vermicomposts from wastes of C: N ratio of 30 t@arN ratio of 45 (Table 2.3).

2.4.4 Effect of composting on C, total and extractde N and P contents

Total C decreased with composting time while tdtalincreased for all three composting
methods (Table 2.4). These changes were greatéeddstock materials with a C: N ratio of 30
than those of C: N ratio of 45 and translated nalfcomposts with corresponding narrower C: N
ratio at the end of week eight. For dairy manwaste paper mixtures of C: N ratio 30, the C: N
ratio decreased to 29, 22, and 23 after four weekisfurther decreased to 25, 14, and 15 in final
(week 8) composts in the control, vermicompost, aodmbined thermophilic and
vermicomposting treatments, respectively (Tablg.Zl#he C: N ratios of dairy manure- waste
paper mixtures with a C: N ratio of 45 also decedasith time reaching values of 38, 36, and 33
in final (week 8) composts of the control, vermiquoat, and combine compost vermicompost

treatments, respectively (Table 2.4).
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Table 2.4: Effect of composting method and C: N raifodairy manure and paper waste
mixtures on total and extractable N and P contents

Composting Composting Total and extractable nutrients

method stage Total Total C: NH,;" NOs NH; Bray 1 Tot
N C N " P alP
NO3
(%) (%) mgkg' mgkg* mgkd® (%)
Mixtures C: N= 30
C 0 weeks 1.16 36 31 6.5 2.6 2.5 59 0.18

4 weeks 1.20 35 29 506 8.6 5.8 72 0.22
8 weeks 1.34 34 25 5.1 284 02 83 0.31
\% 0 weeks 1.15 36 30 6.3 2.5 2.5 59 0.17
4 weeks 1.46 33 22 89.7 198 45 92 0.24
8 weeks 2.06 28 14 105 139 0.1 141 0.71
CVv 0 weeks 1.17 36 30 6.5 2.6 2.5 58 0.18
4 weeks 1.43 33 23 197 48 4.1 97 0.38
8 weeks 1.93 28 15 9.9 134 01 130 0.65

Mixtures C: N= 45
C 0 weeks 0.80 37 46 2.0 1.6 1.3 29 0.07

4 weeks 0.83 36 43 18 2.8 6.5 32 0.15
8 weeks 0.92 35 38 2.5 6.7 0.3 37 0.18
\Y 0 weeks 0.80 36 46 2.0 1.7 12 31 0.08
4 weeks 0.86 35 41 184 53 3.5 40 0.18
8 weeks 0.93 34 36 2.7 17.3 01 56 0.22
CVv 0 weeks 0.81 36 45 2.1 1.6 13 32 0.07
4 weeks 0.92 34 37 388 115 34 51 0.22
8 weeks 0.98 33 33 3.1 29.7 0.1 61 0.29

LSD 010 25 13 22 4.8 1.4 5.0 0.03
C= Control (Dairy manure-paper waste mixtures aldwo decompose on their own); V=

Vermicomposting; CV = Combined composting and Veomposting
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Total N increased with composting time for eachtrd different composting methods (Table
2.4).The largest increases occurred in vermicompostedesdollowed by those that were pre-
composted before vermicomposting. Ammonium N iasegl and reached maximum levels in
week 4 and decreased thereafter for all compostiathods and waste mixtures of both C: N
ratios. By contrast, nitrate N levels increaseadditg with time reaching maximum levels in the
final composts (Table 2.4). The largest increasesiitrate N were, however, observed in
feedstock materials of C: N ratio 30 which weremveomposted or composted followed by
vermicomposting. Total and extractable P also emwee with composting time and followed

patterns similar to those observed for total N aiichte-N, respectively (Table 2.4).

For mixtures with a C: N ratio of 30 both vermicamsp and combined compost and
vermicomposting resulted in total N, ammonium Nrate N, total P and extractable P levels in
the final composts that far exceeded levels obseiwethe control composts (Table 2.4).
Vermicomposting resulted in higher nutrient levitian the combined system (CV). By contrast,
for mixture with C: N ratio of 45, an opposite tcewas observed whereby the combined system
resulted in generally higher total N, ammonium Nrate N, total P and extractable P levels than

vermicomposting.

2.4.5 Effect of composting off. coli 0157

At the beginning of the experiment (week 0) thesswo difference in the pathogen numbers in
the mixtures of both C: N ratios (Table 2.5). Afteweeks of thermophilic composting only the
composting method had an effectBncoli 0157 while C: N ratio had no effect & coli 0157
numbers in composts. CV completely eliminated tath@genE. coli 0157 while V resulted in
insignificant reductions in pathogen numbers (Tah&). By contrastE. coli 0157 numbers

increased in the control, though not significansly. A similar trend was observed in the
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pathogen numbers dynamics in week 8, with the C¥hotkhaving no detectable levels Bf
coli 0157 while the V system significantly reduced pa#én numbers and in the control the

numbers actually increased. (Table 2.5).

Table 2.5: Changes in numbers of E. coli 0157Hitih somposting time

Composting  period Composting method

(weeks) CVv \% C

0 2330 a 2340 a 2330 a
4 Ob 2120 a 2890 a
8 Oc 1120 b 4820 a

C= Control (Dairy manure-paper waste mixtures afldwo decompose on their own);
V= Vermicomposting; CV = Combined composting andnfieomposting.

Means in the same row followed by the same letternat significantly different according to
LSD at P<0.05.

2.5 DISCUSSION

2.5.1 Effectiveness of composting methods on theerhical properties of composts from
dairy manure-waste paper mixtures

The decrease in VS and corresponding increasdgiash content in the final composts relative
to the feedstock materials indicated degradationrganic matter (OM) in the dairy manure-
paper waste mixtures during composting as repdriedther workers (Bernatt al, 1998a;
Levanon & Pluda, 2002). The decrease with compgstime of the C content of the waste
mixtures composted by the different methods cordarthe loss in OM reflected by reduction in
VS contents. The greater effectiveness of vermiamstipg in the degradation of OM in waste

mixtures with C: N ratio of 30 than combined systand vermicomposting andce versafor
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waste mixtures with C: N ratio of 45 indicated thlaé effectiveness of the two composting
methods in degrading organic matter was dependerth® C: N ratio of the mixtures being
composted. Increases in total N with compostimgetiwas probably due to a concentration
effect caused by weight reduction of the compostmgtures as a result of loss in C. It also
suggests that limited nitrogen loss occurred dudomposting by the different methods. The
narrower C: N ratio of vermicomposts of wastes ofNC30 than C: N 45 suggested that both
vermicomposting and vermicomposting were equalfgative in degrading wastes of an initial

C: N ratio of 30.

The combined system was more effective than vermpasting alone in degrading wastes with
a C: N ratio of 45 as reflected by the higher és$s VS and higher, {z/Cga ratio, HI, and HR;
as well as greater quantities of total and exttdet& and P in final composts. It would seem
that composting of these wastes prior to vermicastipg resulted in wastes that were more
suitable for breakdown by earthworms. This was abdp due to an increase in water soluble
carbon in the wastes due to the liberation of sem@loluble organic compounds at rates
exceeding their degradation during the initial ss&aQf composting (Castaldt al, 2005). This
was in agreement with the results of Ndegwa & Theomp(2001) and Alidadet al (2005),
which showed that the combined system produced oetspwith more nutrients than
vermicomposting alone. However, the results fortemasvith a C: N ratio of 30 contradicted
those of the above authors in that the combinetesyproduced composts with similar nutrient

contents when compared with vermicomposting alone.

According to Iglesias-Jiminez & Perez-Garcia (198Z): N ratio lower than 12 indicated a good
degree of maturity for municipal waste compost, mme of our final composts could be

considered sufficiently matured as all of them I&dN ratios greater than 12. However,
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according to Allison (1973) composts with final :ratios of 14 and 15 could be added to soil
without altering the microbiological equilibrium dfie soil such that vermicomposts from dairy

manure-waste paper mixtures can safely be appi#tktsoil.

Increases in the amount of extractable ExjQvith time indicated conversion of organic matter
into humus. The decline in the fulvic acid fractiath time and increase of the humic acid
fraction indicated transformation of the easily e&table molecules that make the fulvic acid
fraction to the more recalcitrant molecules of leighnolecular weight which make up the humic
acid fraction. This translated to increases in@hg/Cra ratio with time with values in the final
(week 8) compost samples which ranged from 0.8.60(Bable 2.3). Only vermicomposted
mixtures and composts from the combined system uaithnitial C: N ratio of 30 resulted in
Cual/Cra ratio values that exceeded the critical level ¢&f, Which Iglesias-Jiminez & Perez-
Garcia (1992) proposed as a maturity index forfyse and sewage sludge compost. Increases
in HR and HI values throughout the process indatdtamification of organic matter in the
composted mixtures. Comparable HI and HR valueénal vermicomposting and composts
from the combined system for C: N ratio of 30 iraded that the two methods were equally
effective for wastes of this C: N ratio. Howevehserved greater HI and HR values in
combined system compared to vermicomposting fortumes with a C: N ratio of 45 indicated

that the latter is more effective in the humifioatiof such mixtures.

The ammonium levels increased during thermophidimgosting as mineralization of organic
wastes occurred. As temperatures fell, during vesmposting there was a gradual decline in
ammonium concentration with a corresponding in&easiitrate levels as nitrification occurred.

The decline of NE/NOs ratio to values of about 0.1 in all final (week@mposts which was
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less than the critical level of 0.16 suggested lgynBl et al (1998b) for mature composts

indicated that all final composts except the cdathad desirable ratio of NfHto NG ratios.

Observed increases in extractable nutrients asudtref composting and vermicomposting, is
consistent with results of previous studies (Togrettal, 2007; Zhangt al, 2000). The greater

effectiveness of vermicomposting than CV in relegsarger quantities of nutrients from wastes
with a C: N ratio of 30 than those of C: N ratio4& indicated that the former was more suitable
for vermicomposting. It is likely that a lower ratencouraged higher earthworm and microbial
activity leading to greater degradation, higherieat content and stabilization of wastes with C:

N ratio of 30 than 45.

2.5.2 Effectiveness of composting methods on samdtion of composts

The increase irE. coli 0157 in controls of both C: N ratios with compogtitime could be
attributed to creation of a good environment forltiplication of this pathogen through
rehydration and subsequent availability of easdgrddable substrates by dissolution following
rehydration. These results indicate that dairy manwvaste paper mixtures allowed to simply
compost in place could pose a health hazard tcs ws®t that alternative ways of handling the

wastes that will result in a safer product are asagy.

Vermicomposting alone failed to eliminae coli 0157 but it significantly reduced its numbers
by the & (final) week of vermicomposting. Similar obsereas$ were made by Brown and
Mitchell (1981) who reported th&iisenia fetidafeeding on a growing medium inoculated with
Salmonella eneritidusteduced the populations of this enteric pathodesr a8 days by 42 times
compared to controls. The reduction in pathogen berm by earthworms is ascribed to the

digestion of some of the microbial constituentsheey pass through the earthworm gut (Edwards
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et al, 1984). Complete elimination of pathogens througdfrmicomposting is reportedly
achievable only with high earthworm populationsrif@aorm biomass: biosolids = 3:2 weekly)

(Eastmaret al, 2001).

The combined compost-vermicompost system, on ther dtand, eliminatel. coli 0157 within

the first 4 weeks of pre-composting. The eliminatmf E. coli 0157 in this system could be
attributed to thermophilic temperatures attained thgse composts during the thermophilic
composting phase. According to USEPA (1992), a taatpre of 5% must be maintained for
15 consecutive days for efficient composting anth@gen reduction. In this study, mixtures
with a C: N ratio of 30 maintained such high tenaperes for four weeks. Mixtures with a C: N
ratio of 45 maintained temperatures ofG®r higher for only four consecutive days, Butcoli
0157 was still eliminated in the final compostssifilar observation was made by Larregyal
(2003) who reported that 99.9% Bf coli 0157 was eliminated within 7 days when average
windrow temperatures were only 33.5 — £C.%within the mesophilic temperature range) which
is lower than the thermal kill limit of 58 (USEPA, 1992). No measurements were taken earlier
than the 4 weeks of composting in this study bug ltkely that the elimination oE. coli from

the composts could have occurred much earlierhBudtudies will explore shorter composting
periods before vermicomposting. Nevertheless, thsults of this study indicated that
precomposting of dairy manure-waste paper mixtureore vermicomposting was a more

practical option for elimination of pathogens.

2.6 CONCLUSIONS
Both vermicomposting and the combined system wHeetese methods for the biodegradation
of mixtures of dairy manure and waste paper with: &\ ratio of 30 but the combined system

was more effective in the biodegradation of wasbegumes with a C: N ratio of 45. Composting
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before vermicomposting eliminated the patho&ercoli 0157:H7 from dairy manure and waste
paper mixtures whereas vermicomposting alone counlyg reduce pathogen levels. Therefore,
pre-composting the waste mixtures prior to vermiposting is recommended where elimination
of pathogens from composts is a critical considenatStudies to explore the shortest possible
pre-composting period for elimination of pathog@msiairy manure-waste paper mixtures are

necessary.

54



CHAPTER THREE

EFFECTS OF PRECOMPOSTING PERIOD ON SANITIZATION AND PROPERTIES
OF VERMICOMPOSTS PREPARED FROM DAIRY MANURE-WASTE P APER
MIXTURES
3.1 ABSTRACT
Combining thermophilic composting with vermicompugtis promoted as a means of sanitizing
animal manures before vermicomposting to ensurieog@hnic bacteria are not spread to a wider
environment during land application. The duratidnpeecomposting is, however, critical to
ensure success of the subsequent vermicompostinggs. This study evaluated the effects of
precomposting dairy manure and waste paper mixtiore8, 1, 2, 3 and 4 weeks on coliform
bacteria and protozoa oocyst numbers, earthworntgrdiodegradation of the waste mixtures,
and nutrient content of vermicomposts. Over 95%eoél coliformsE. coliand ofE. coli0157
were eliminated from the wastes within one weegretomposting but total elimination of these
and protozoan (oo)cysts was only achieved aftere@ka of precomposting. Precomposting
reduced microbial biomass carbon and water solcétbon of precomposted wastes and had a
negative effect on earthworm growth and degradatiborganic matter. Vermicompost from
wastes precomposted for over two weeks were labdiged, less humified and had less nutrient
contents compared to vermicomposts from wastesnbeg precomposted for one week or less.
The findings indicated that a precomposting perddne week is ideal for producing safe

vermicomposts from dairy manure-waste paper misture

Keywords: dairy manureEisenia fetida, Escerichia colprecomposting, vermicomposting
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3.2. INTRODUCTION

Raw animal manures and manure-based soil amendmawsbeen implicated in outbreaks of
E. coli 0157:H7 infections of spinach, lettuce and othexdpce crops (Ackerst al, 1998;
CDCP, 2006; Rangedt al, 2005). Cattle manure has been reported to coti@ pathogenic
fecal bacteriaEscherichia coli0157 (O’Connor, 2002), and parasitic protozoa sag@iardia
and Cryptosporidium(Smith and Smith, 1990k. coli 0157 and parasitic protozoa can be
transmitted to food crops when manure containimgé¢horganisms is used as a fertiliser or soil
amendment or because of other inadvertent con@ieslgket al, 1993; Natviget al, 2002).

Manure management strategies that can eliminase gh@&hogenic organisms are needed.

Thermophilic composting of organic wastes (precostipg) before vermicomposting could
reduce pathogenic organisms, and potentially t@oimponents, such as ammonia or salts in
animal manures or the tannins and acids in greestewand improve the survival and growth of
the worms (Gunadet al, 2001). Early work on combining thermophilic camsping and
vermicomposting used rather long periods of preamstipg of four weeks (Ndegwa &
Thompson, 2001). The previous work reported in @drap revealed that precomposting dairy
manure-waste paper mixtures for four weeks wagcserfit to eliminateE. coli 0157H: 7 from
dairy manure-waste paper mixtures. Such long gsrad pre-composting however, have been
reported to reduce the quality of the wastes iati@h to nutrient availability for growth and
reproduction of earthworms (Fredericksen al, 1997). Water-soluble carbon (WSC) is the
organic fraction that is most readily utilized bgth earthworms and microorganism and gets
depleted with time (Bernadt al, 1998a). The length of precomposting of wastey neduce

this important fraction and impact negatively ontleaorm growth and thus effectiveness of
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vermicomposting and impact negatively on degradatiod stabilization of these wastes by

earthworms.

Earthworms have been reported to obtain their thartrifrom microorganisms associated with
ingested organic matter as they have minimal cépdoi digest organic wastes (Doube &
Brown, 1998). Precomposting wastes for long periofl time could result in a decline in
microbial population and diversity and this couléan less nutrition for earthworms and thence
an ineffective vermicomposting phase. There is ribedefore to balance between sanitization

(pathogens) and need to have a good nutritiongdh@orms.

In order to integrate thermophilic composting amanvicomposting in the processing of dairy
manure and paper wastes it is necessary to estai®ptimum precomposting period both for
elimination of E. coli 0157 and parasitic protozoa as well as to mininkss in nutritional

quality of the wastes for the earthworms. The dbjecof this study was to determine an
optimum precomposting period for dairy manure papeaste mixtures that results in

vermicomposts of good nutritional quality and whase will not jeopardize human health.

3.3 MATERIALS AND METHODS

This composting study was carried out in an opdrshaded yard at the University of Fort Hare
(32°46 S and 26850 E) in the Eastern Cape Province of South Afridae Waste paper used was
obtained from Grocott Printers in Graham’s Towne BarthwormsE. fetidg and dairy manure
used in this study were the same as that descpbedously in Chapter 2. The chemical

properties of these wastes are given earlier impha.
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3.3.1 Precomposting

Dairy manure and waste paper were mixed as detml&hapter Two to give mixtures with C:
N ratio of 30. Precomposting of the mixtures wasiedon three replicates, compost boxes
measuring 1m x 1m x 1m (length x width x heighteighed mixtures of manure and paper were
mixed using shovels on a polythene sheet and weadseradded while mixing, to 60% moisture
content before loading into composting boxes. Cahamd ambient temperatures were taken
daily for the entire precompostingperiod. Turningswdone weekly after moisture content
determination. Samples for microbiological analysese stored at 4° C, and analyzed within 24
hours for faecal coliformsEk. coli andE. coli 0157, presence or absenceQGyyptosporidium
oocysts andGiardia cysts and microbial biomass carbon (MBC). Samplesewalso taken
weekly for the determination of volatile solids§)/ ash content, total carbon (C), water soluble
carbon (WSC), nutrients: nitrogen (N) both totatlanorganic N (nitrate- N and ammonium —
N), total and available phosphorus P as well as itiucompounds. Small volumes of
precomposted mixtures were taken weekly from edcth® three boxes pooled and mixed

together to form a composite sample which was tfeemicomposted in three replicates.

3.3.2 Vermicomposting

The waste mixtures that were precomposted for @, B, and weeks were vermicomposted in
worm boxes measuring 0.50 x 0.40 x 0.30(hength x Width x Depth) with an exposed surface
area of 0.2 rh The treatments were arranged in a randomized lepenplock design (RCBD)
replicated three times. Mature earthworms wereothiced into boxes at a recommended
stocking rate of 1.6 kg-wormsfnand were fed at a rate of 0.75 kg-feed/kg-worm/@égegwa

et al, 2000). 14 kg (dry weight basis of the dairy nr@nwaste paper mixtures enough feed for

the entire vermicomposting period was suppliechatlieginning of the vermicomposting phase.
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The precomposted wastes were all vermicompostethéosame period of eight weeks. Moisture
levels were maintained at 80% by spraying the serfaith water after each weekly analysis for
moisture. At the termination of the vermicompostpitase earthworms were separated from the
vermicompost by spreading out the vermicomposta palythene sheet and then picking out the
earthworms. Samples were then taken and analyzegai@meters mentioned earlier. Mean

individual biomass of earthworm was determined teeéond after the vermicomposting phase.

3.3.3 Microbiological analyses

Samples were subjected to a pretreatment proceukfc@e microbiological analysis (Anon,
2003). Aseptically weighed 10 g samples were su$gerand homogenized in 90 ml of
maximum recovery diluent in sterile stomacher badgee suspensions were vortexed to ensure
thorough mixing and serial dilutions up to™@ilution were prepared from the 1: 10 dilution.
The 10 to 10° dilutions were then used for the enumeration ohedesired micro-organism as

described below.
a) Faecal coliforms and E. coli.

Faecal coliforms an&scherichia coli(E. coli) were enumerated by the Most Probable Number
(MPN) technique (Anon, 2003). The 1o 10° dilutions were inoculated into tubes containing
tryptose broth (Merck) and incubated at 36 = 1°C2#% h (presumptive test) and positive tubes
(with acid production characterized by yellow colation) were inoculated in brilliant green
lactose bile broth (Merck) and incubated at 44°€%or 24 h as a confirmatory test. From tubes
showing a positive reaction 1ml was used to indeulmyptone water (TW; Merck) and
incubated at 44 + 1 °C for 24 h. Indole-positivecoli strains were counted after addition of the

Kovac’s reagent. Indole production was demonstrétedhe rapid appearance of a deep red
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colour in the upper non-aqueous layer. Bacterie¢lte were estimated from MPN tables and

results were reported as MPN grams per dry weigt ).
b) E. coliO157:H7
Enrichment, dilution and plating

Compost samples (10 g) were added to 90 ml of nesti. coli (MEC) broth containing 20
pgmit of novobiocin (n) (Merck) (Heuvelinkt al 1998). The samples were homogenized by
blending for 1 min (Cagnegt al. 2004) and incubated in an incubator with rotanaker
(Gallenkamp, Loughborough, UK) at 37 °C for 8 h1dB rpm. Serial dilutions up to £0
dilution were prepared in distilled water and®1® 10° dilutions were used fdE. coli counts.
These dilutions (1 ml) were plated in duplicatecoSorbitol-MacConkey agar supplemented
with 0.05 mg T of cefixime and 2.5 mg*of potassium tellurite (CT-SMAC) (Merck) (Mullet

al., 2002) and incubated at 37 °C for 24 h. Non-sorllermenting colonies were enumerated
and then up to five colourless colonies per plaegample were randomly selected and further

plated by streaking onto Eosin Methylene Blue ggMBA) (Merck).
Identification of presumptive E. coli 0157

The presumptivé&. coli O157 colonies from the EMBA were identified via agglutination test
using E. coli O157:H7 latex. Presence or absence of agglutinattoiirmed the presence or
absence oE. coli 0157 bacteria. Colonies subjected to the agglidindaest were identified as

E. coli0157:H7 with API 20E Kits.
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c) CryptosporidiumandGiardia oocysts.

Samples (10g) were suspended in 90 ml of an ellidfer (1% Tween 80, 1% sodium dodecyl
sulphate, 0.001% antifoam A; Merck), shaken forabld then filtered through a 400 um pore
size filter. Eluates were concentrated by centafign at 500 rpm and purified through floatation
in a 40% saline solution. Aliquots of the sedimentseere examined by a direct
immunofluorescence antibody test used accordinghéo manufacturer's instructions (Davies
Diagnostics (Pty) Ltd, Johannesburg, South Afri@ajefly, 20 ul aliquots of the sediments were
air dried on glass slides at room temperature @t fin methanol. When the samples were
completely dry, they were incubated with monoclaaatibody in a humid chamber at 37 °C for
30 min. Cryptosporidiumoocysts andsiardia cysts were identified on the basis of their size,
shape and the pattern and intensity of the immunadiscence assay staining (i.e., bright green
fluorescence of the oocyst and cyst walls). Resuitee reported as Presence or Absence of the

helminth ova in a given sample.
d) Microbial biomass carbon

Microbial biomass carbon (MBC) was determined mrmicomposts using the chloroform
fumigation and extraction method (Vanee al, 1987). Briefly, 2 g (oven-dry basis) moist
compost was fumigated for 24 h at 5 with ethanol free chloroform. Following fumigant
removal, the sample was extracted with 60 ml of\d.potassium sulphate solution. The organic
C in the extracts was measured by dichromate aridéKalembasa & Jenkinson, 1973) and the

microbial biomass carbon (MBC) was calculated usimgequation:

E
BC = /
KEC
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Where E is organic carbon extracted from fumigated soihumsi organic carbon extracted from

unfumigated soil and & = 0.38 (Vanceet al,, 1987).

3.3.4 Earthworm growth

Earthworm biomass was determined by removing 50nsdrom each container, washing them
in distilled water and drying them on paper tow@lsey were then weighed in a weighing boat
with water using a balance. This was done to prewenrms from desiccating and affect the

weight of the earthworms.

3.3.5 Chemical analysis
Moisture content (MC) was determined gravimetricals described in Chapter 2. For other
determinations, representative samples were dniexhioven at 60°C until constant weight and

ground (< 1mm) to provide a homogenous samplelfermical analyses.

Water-soluble carbon (WSC) was measured after sdapg 5 g of vermicompost sample in 50
ml of distilled water in a 250 ml Erlenmayer flafgflowed by shaking for 24 h on rotary shaker
at 160 revolutions per minute (rpm). The susperssieare then centrifuged at 8000 rpm and
then and filtered through Whatman No. 1 filter pag@arbon in the extract was measured by

oxidation with potassium dichromate as describedibgerson & Ingram (1996).

Humic substances were extracted and analysed aslaEkin detail in Chapter 2. Humification
ratio (HR) and and humification index (HI) were @lsalculated. Volatile solids, total nitrogen
(N) and carbon (C), total phosphorus (P), mineitabgen (NH;"-N and NQ'-N) and available P

were all determined as described in detail in Gérapt
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3.3.6 Data Analysis

Pathogen numbers, microbial biomass, water solaldanic carbon, ash, volatile solids and
nutrients in dairy manure-waste paper mixtures greaosted for different times were subjected
to analysis of variance (ANOVA) using GENSTAT Redea4.24 (Lawes agricultural Trust,
2008) and mean separation was done using leasificagt differences (LSD) at g 0.05.
Relationships between earthworm biomass with preosted wastes properties were
determined using regression analysis. The contabsit of mixtures’ properties on the
earthworm biomass were examined using the maxinfimprovement stepwise model building

procedure (SPSS, 2001).

3.4 RESULTS

3.4.1Temperature profiles during the composting phse
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Figure 3.1: Temperature profile of dairy manuret@apaper mixtures during the 4 week
precomposting stage (Each point is an averageh@f3t boxes). Error bars represent

standard deviations.
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Thermophilic temperatures were reached within trst three days of composting, attaining a
highest mean temperature of 66 °C after 7 daysu(€i§.1). Two more peaks at 64 and 56 °C
were reached after the first and second turnirggpactively. At the end of the fourth week of

the composting phase the mean temperature of tke boxes was still thermophilic at 44.9 °C.

3.4.2 Effects of precomposting on coliform bacteriand protozoan (oo)cysyst.

Table 3.1: Effects of precomposting period on nuralod FC,E. coli, E. coli 157 and presence
of absence (P — A) afryptosporidiumcysts andsiardia oocysts in precomposted wastes (M)

and in final vermicomposts (V). Effects precompogtperiod on MBC shown in M only

Precomposting Fecal E.coli E. coli Cryptosporidium Giardia MBC
period (weeks) coliforms  (MPN 0157 (PorAl10gdw (P or A (mg/g)
(MPN gdw?) (MPN D) 10g dw")
gaw™) gaw™)
M
0 9125 a 7608a 2516a P P 10.9a
1 525 ¢ 400 c 76 C P P 8.6b
2 167 c 67 cC 31c P P 7.7c
3 Oc Oc Oc A A 6.3d
4 Oc Oc Oc A A 6.1d
Vv
0 4375 b 3625b 820b P P nd
1 417 c 292 c 32c P P
2 108 c 33c 12 c P P
3 Oc Oc Oc A A
4 Oc Oc Oc A A

* Effects of precomposting period on MBC are shdwnM only. For each parameter, means

followed by different letters are significantly féifent according to LSD at p < 0.05

Numbers of faecal coliformi. coli, E. coli0157 and protozoa oo(cysts) were influenced by

precomposting period in both the precomposted waatel the final vermicompost. Dairy
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manure-waste paper mixtures that were not precoiagolsad the highest fecal coliforms
followed by their corresponding vermicomposts (EaBl1). Numbers of fecal coliforms in all
precomposted wastes and their corresponding vemposts were not different though
precomposting materials for three weeks and owrlted in total elimination of fecal coliforms
in both the precomposted wastes and their correbpgrvermicomposts. Results also indicated
that up to 94% of fecal coliforms were eliminatetemone week of precomposting whereas
fecal coliforms were not detectable in mixturest tha@re precomposted mixtures for at least
three weeks. Results f&. coli andE. coli 0157 followed the same trend (Table 3.1). The
(oo)cysts were absent from wastes that were precstag for at least three weeks both before
and after vermicomposting (Table 3.1). MBC wasenbsd to decline with increase in
precomposting period with the highest quantitiesvastes that were not precomposted and least
in wastes precomposted for 4 weeks though thisneaglifferent from mixtures precomposted

for 3 weeks (Table 3.1).

3.4.3 Effects of precomposting on WSC and earthwormgrowth.

Water soluble carbon (WSC) declined with increas@recomposting period with the highest
guantities in wastes that were precomposted forveeek and least in wastes precomposted for
at least 3 and 4 weeks (Table 3.2). At the begmwihthe experiment the earthworms had the
same mean weight of 390 mg but after vermicompgsthre highest mean individual earthworm
biomass of 470 mg was recorded for earthworms fed/astes that were precomposted for one
week while the least mean biomass of 380 mg wasrded for earthworms fed on wastes

precomposted for at least 3 weeks (Table 3.2).
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Table 3.2: Effects of precomposting period on watduble carbon (WSC) content of mixtures

and mean individual earthworm biomass after vermjgaosting

Precomposting Period (weeksWSC (mg §) Mean Individual earthworm biomass (mg)

0 30.7b 450 b
1 344 a 470 a
2 28.4 bc 440 c
3 25.7¢C 390 d
4 22.8c¢ 380 d

Numbers followed different letters in each colunma significantly different according to LSD

(p<0.05)

Earthworms fed on wastes precomposted for up toviweks increased in individual biomass
whereas mixtures precomposted for at least thre&sveid not result in an increase in individual
biomass. Percentage increases in individual biomasged from 21% to -3% (a decline) with

the mixtures precomposted for four weeks recordidgcline in individual earthworm biomass.

Using stepwise regression procedure<(.05), a combination of WSC and MBC explained
95.8% of the variation in mean individual earthwottromass of which 92.5% of variation was

explained by WSC alone. The functions best fittiaga were:

Mean Individual Earthworm Biomass = 2.78 *WSC 2-10.925
Mean Individual Earthworm Biomass = 2.78 *WSC -2Uu8MBC ¥ =0.958
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From these functions mean earthworm biomass inedeasth increase in water soluble carbon

but decreased with increase in microbial biomass

3.4.5 Chemical properties of vermicomposts
Precomposting of mixtures for longer periods reslin higher ash (4w >3w>2w>1w>0

w) and lower VS contents (4w < 3w < 2w < 1w < 0 WJable 3.3).

Table 3.3: Effect of precomposting of dairy manarel paper waste mixtures on selected
compost maturity parameters

Precomposting Selected maturity parameters
period (weeks)

Ash  VS(%) CuaiCea HI  HR  Total Total N C:N
(%) (%) () C(%) (%)

249 76a 0.1f 1.4i 11f 39a 1.31i 30a
27f 73b 0.3ef 2.7hi  12f 38b 1.42h 28b
29%e 71c 0.4e 40g 13ef 38b 1.47gh  26¢
32d 68d 0.4e 5.8f 15e  37c 1.52fg  24d
34c 66e 0.6e 8.2e  16e 36d 1.55f 23e

36b 64ef 4.1a 21b 28b 28f 2.14b 13i

39a  61g  3.4b 27a 33a 26g 2.3la  13j
39a 61g 3.1c 27a 33a 269 2.31a 11]
36b 64ef  2.8d 17d  23bc 34e 1.88d 189

A W N P O << M W N P O Z

35bc  65e 2.7d 15d 21d 34e 1.69e 20f

Numbers followed by different letters for the samarameter are significantly different
according to LSD (p£ 0.05)

M = Precomposted wastes: V= Vermicomposta€ Extractable humic acid carboneL=

Extractable fulvic acid carbon; HI = Humificationdex; HR= Humification ratio.
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However, only vermicomposts that were precomposted week had higher ash content and
lower VS than the rest of the vermicompost (Tabhk).3Mixtures that were not precomposted
had a lower Ga: Cra than those that were precomposted for at leastwaek. There was a
general increase in they& Cga ratio with precomposting and wastes precompostedihe
week and above had a greater ratio than wasteshwiiEre not precomposted. Longer
precomposting periods resulted in vermicompostd woiver Gya: Cea ratio.  Humification
index and HR of precomposted wastes increased prgbomposting time and were highest in
mixtures precomposted for 4 weeks and least inesatat were not precomposted (Table 3.3).
For the vermicomposts HI and HR decreases wereekigtor the one week precomposting

period (higher than the no precomposting) and @dese@ with precomposting period thereafter.

Total C of precomposted wastes decreased with preasing time while total N increased with

precomposting time (Table 3.3). Wastes precompdsted weeks had the least carbon content
and the highest total N content whilst wastes whighe not precomposted had the highest C
and least total N. The C: N ratio of the wastesrelesed with increase in precomposting period
and followed the order: Ow > 1w > 2 > 3> 4w. Thghest C was recorded in vermicomposts
that were precomposted for 3 — 4 weeks and the Iawas recorded in vermicomposts

precomposted for one week. On the other hand, kbtabs highest in vermicomposts that were
precomposted for one week and least in those pneasted for 4 weeks (Table 3.4). As a result

the C: N ratios of vermicomposts were in the odler> 3w > 2w > 0w > 1w.

Ammonium, nitrate, available P and total P conteft both precomposted wastes and
vermicomposts were affected by precomposting pegfi@ble 3.4). In the precomposted wastes
nitrate, ammonium, available P and total P incréasigh precomposting period. The highest

nitrate, ammonium, available P and total P conediotns were recorded in wastes that were
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precomposted for 4 weeks whilst the least amouhtiase nutrients were recorded in wastes

that were not precomposted.

Table 3.4: Effects of precomposting period on tdtaBmmonium, nitrate, available and total P
feedstocks and final vermicomposts

Precomposting  Ammonium Nitrate NH: NO;  Bray1l Total P
Period (Weeks)

mg kg’ g kg*
M
0 2.9gh 5.3i 0.6e 51.7 2.23g
1 20.8f 14.0 gh 1.5d 57.1h 2.66 f
2 72.2cC 215¢ 3.4c 60.0 h 3.06 e
3 113.7b 289¢g 3.9b 7199 3.26 e
4 165.5a 39.2f 4.2a 81.3f 3.43d
\%
0 599 168.9 b 0.02h 148.7b 5.96 b
1 2.5gh 2014 a 0.02h 160.5a 6.36 a
2 3.2 ¢ 132.7c 0.05h 138.8c 5.80c
3 326e€ 115.2d 0.2g 120.1d 5.80c
4 44.1d 1104 e 0.4f 107.7e 5.76 c

Means followed different letters for the same pagnare significantly different according to

LSD (p< 0.05) PW = precomposted wastes, V = vermicompost

Vermicomposts that were precomposted for 4 weeHlstia highest ammonium levels followed
by those that were precomposted for 3 weeks whidrewhigher than those of other
precomposting periods. The highest nitrate, avkElaB and total P were recorded in
vermicomposts that were precomposted for one wekdr avhich they declined with

precomposting period. The changes in ammonium datrdten content with precomposting
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resulted in an increase in W NOs ratio of the precomposted waste as the ammoniuttend
of precomposted wastes increased more than theenitontent during the precomposting stage

(Table 3.4).

The increase in nitrate and subsequent reductioammonium levels with vermicomposting
resulted in a reduction in the IH NOs ratio of vermicomposts. The ratio was least in
vermicomposts derived from wastes precompostedl fareek and highest in vermicomposts

derived from wastes precomposted for 4 weeks (Tadle

3.5 DISCUSSION

3.5.1 Effects of precomposting and subsequent vercomposting on sanitization of dairy
manure-waste paper mixtures and resultant vermicompsts

The observed reduction in microbial numbers inydaianure-waste paper mixtures was mostly
due the high thermophilic temperatures attainedhduhe composting phase of the experiment.
The temperatures recorded during precompostindpigh dtudy were well above the stipulated
thermal kill limit of 55 °C in composting guideliasgUSEPA, 1992). These findings were in
agreement with those of Larneyal (2003) , who reported a 99.9% reduction (fromdag86.

to logo 3.38 cells ¢ (dry wt) in E. coli 0157 numbers in the first 7 days of compostingydai

manure when the average windrow temperatures ranged33.5 to 41.5 °C.

According to the U.S. Environmental Protection Ager{USEPA) (1994), Class A compost
contains safe and acceptable levels of pathogesisaconsidered safe for application to food
and non-food plants if it contains < 1000 MPN atdecoliforms per gram. The results of this

study showed that one week of precomposting wasiginto bring down the fecal coliforms
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(417 MPN per gram) in dairy manure wastes papetures to levels lower than recommended

minimum acceptable safe levels.

Although vermicomposts alone significantly redudedal coliform number it was not able to
reduce to safe levels according USEPA (1994). Tiniaér reduction of faecal coliformE, coli
andE. coli 0157 numbers in the final vermicomposts could txbated to earthworm action as
the temperatures involved during this phase wergh& mesophilic range throughout. The
mechanism of pathogen elimination by earthwormsaisfully understood but Edwards al
(1984) suggested that as wastes pass through ttleveem gut pathogens can be digested
resulting in a reduction of their numbers. Simidservations were made by Brown & Mitchell
(1981), who reported thaEisenia fetida,feeding on a growing medium inoculated with
Salmonella eneritidusreduced the populations of this enteric pathogefztimes, compared to
controls, after 28 days with the greatest reduabiccurring in the first 4 days. While earthworms
can reduce pathogen numbers in wastes, completenation of pathogens is reported to be
feasible only when high earthworm populations aseduin the vermicomposting process
(earthworm biomass: biosolids = 2:3) (Eastnediral, 2001). Such high earthworm population

levels may, however, not be practically sustainable

The reduction in bacterial coliform numbers durthg precomposting period was related to the
decline in microbial biomass carbon of the precostgd wastes. As wastes were exposed to
thermophilic temperatures the numbers of bact@wiforms eliminated were higher and the
microbial biomass carbon of such wastes was lowil& observations of a reduction in
microbial populations was made by Hanstral (2001), who reported a decline in microbial

population during the thermophilic stages of contipgsof municipal solid wastes.
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The reduction and eventual elimination of protozgan)cysts could be attributed to the high
temperatures attained during the precompostingogerin a study of composting of fecal
samples containiniardia cysts andCryptosporidiumoocysts, Van Herlet al (2004) found
that the percentage of viable Cryptosporidium otscgeclined gradually over a 31 d period. In
our experiment the period required to eliminate (ih@cysts (< 21 days) was shorter probably
because of the higher temperatures of greater &8aPC attained compared with the 55 °C

reported in their study.

3.5.2 Effects of precomposting on earthworm biomas#BC and WSC of vermicomposts
Earthworm food quality has been reported to infaeemot only the size of the earthworm
populations but also their growth and reproduct{@ira et al, 2006). Nutrient depletion is
reported to be one cause of reduced earthworm doatity (Fredricksoret al, 1997). Growth

of earthworms was affected by WSC content of prgummsted wastes. This biologically active
parameter consisting of sugars, hemicellulose, giiesubstances, amino acids, peptides and
other easily biodegradable compounds (Hsu & L0,9)98eclined with precomposting period.
Thus wastes that were precomposted for one week maag promoted high growth and
reproduction rates which accelerated waste breakdamd stabilisation. On the other hand
wastes precomposted for longer periods of timeve-weeks) were less nutritious and hence did
not promote earthworm growth and thus were lessradiegl and stabilized. A positive
relationship was observed between WSC and earthvearmass as was shown by the multiple
stepwise regression equation best fitting the daa Individual earthworm Biomass = 2.78
*WSC - 1.824* MBC. These results are similar tostaeported by Neuhauser al (1988),
who observed that the mean individual weighE&dfenia fetidadecreased from 500 mg to 100

mg in sewage sludge as a result of precomposting feeeks.
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Besides WSC, it was also expected that MBC of prgusted wastes would have an impact on
the earthworm growth as Edwards al, (1984), reported that earthworms not only feed o
organic wastes but also on the microorganisms pte€air results, however, showed a negative
relationship between MBC and earthworms biomassvas shown by the multiple stepwise
regression equation best fitting the data viz: \itilial earthworm Biomass = 2.78*WSC — 1.824

MBC.

3.5.3 Effects of precomposting on chemical composih of vermicomposts

The decrease in VS and corresponding increaséeiagsh content in the final composts relative
to the feedstock materials indicated degradationrganic matter (OM) in the dairy manure-
paper waste mixtures during composting as repdriedther workers (Bernatt al, 1998a;
Grigatti et al, 2004). Precomposting wastes for more than orekwgenificantly reduced the
effectiveness of the vermicomposting phase in ggratation of OM in these waste mixtures as
was reflected by higher VS and lower ash contehtgeomicomposts precomposted for over a
week. Taking the C: N ratio as an indicator of deposition, the results indicated that
precomposting wastes for one week was a more eféeetay of combining thermophilic
composting and vermicomposting as these vermicotagesl the lowest C: N ratio and hence
more decomposed. According to Bermdlal. (1998b) a ratio less than 12 indicated a good
degree of maturity so vermicomposts from wastesqmposted for one week could be

considered sufficiently matured as they had C: thdsaof less than 12.

Increases in the amount of extractable ExjQvith time indicated conversion of organic matter
into humus. The decline in the fulvic acid fractiaith time and increase of the humic acid
fraction indicated transformation of the easily @@@ble molecules to the more recalcitrant

molecules of higher molecular weight. This traresfiato increases in they&: Cga ratio with
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time with values in the final vermicompost samp{e®ek 8) which ranged from 2.7 to 4.1
(Table 3.4). Precomposting wastes for periods aérawo weeks resulted in a significant
decrease in humification rate of vermicomposts g¢ifoall vermicomposts had p& Cga ratio
values that exceeded the critical level of 1.9 whiglesias-Jiminez & Perez-Garcia (1992)
proposed as a maturity index for city-refuse andlagge sludge compost. Increases in HR and Hl
values throughout the process indicated humificated organic matter in the composted
mixtures. Comparable HI and HR values in final vieemposts of wastes precomposted for two
weeks or less indicated that the vermicompostingsphwas equally effective for wastes

precomposted for not more than two weeks.

Increases in nutrient content (total N, P extrdetatitrogen and P) with composting time were
probably due to a concentration effect caused hghweeduction of the composting mixtures as
a result of OM degradation and loss of C as carblooxide. During the process of
vermicomposting, the earthworms usually enhana®gein mineralization in the substrate, so
that the mineral nitrogen is retained in the nérédrm (Atiyehet al, 2000). Gupta & Garg
(2009) observed that nitrogen increased signiflgashiring vermicomposting of cattle manure
and consumer paper waste due to mineralization-e¢ifCmaterials, and possible action of free
living N-fixing bacteriaEarthworms have also been reported to add nitremgarmicompost in
the form of mucus, nitrogenous excretory substgrgresvth stimulating hormones and enzymes
during the fragmentation and digestion of organatter (Tripathi & Bhardwaj, 2004). As with
stabilization parameters, precomposting of wadffiestad the efficiency of the vermicomposting
phase and the highest N and P concentrations weteiwastes which were precomposted for

one week. The low degradation rate of wastes prposted for more than two weeks could be
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attributed mainly to the depletion in WSC whichulésd in low earthworms activity and low

rates of degradation and mineralization of wastes.

The nutrient content of composts is a functionhef initial feedstock and as well as the degree of
degradation undergone by the wastes (Gaur & Sihg85). Because of the nature of the feed
stock materials used in our experiment (dairy manamd waste paper), even for the most
degraded wastes (wastes precomposted for 1 weekatmounts of nutrients in general and P in
particular recorded much lower than nutrient cotgteior vermicompost reported in similar
studies. Gunadit al.(2001) reported very high nitrate contents, randiog 1511 to 3889 mg
kg’ in vermicompost from cattle wastes precompostediiiferent times whereas we recorded
nitrate values averaged 178 mg*kig this study. This could have been due to the thzat the
above workers used cattle manure alone in theitysithich is nutritionally richer than mixtures
of dairy manures and waste paper used in this stdlyards & Burrows (1988), reported total P
contents of 0.4, 1.7, 2.9 and 2.7% in vermicompdsts/ed from separated cattle, pig, duck and

chicken solids, respectively.

In this study the total P contents were as low.6%00 The most likely reason for this is that the
above mentioned materials except for cattle sa@msrich in P whereas the dairy manure-waste
paper mixtures in this study are poor in P with Ibiék of the P being found in cattle manure.
Enrichment of dairy manure-waste paper mixturaseisessary to make it more acceptable as a
growing medium or as an organic fertilizer. Enrigmhof composts for P can be done through
inoculation using P solubilizing microorganisms through incorporation of phosphate rock
(PR) into the dairy manure-waste paper mixturetiaurstudies will investigate the effectiveness

of PR incorporation on improving P nutrition of damanure-waste paper vermicomposts.
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3.6 CONCLUSIONS

Precomposting of wastes for one week reduced famtébrms E. coliandE. coli 0157 on to
below the safe levels of < 1000 MPN fecal coliforrper gram. It required 3 weeks of
precomposting to totally eliminate faecal coliforris coli, E. coli0157 and protozoan oocysts.
Precomposting of wastes for more than one weekceslWWSC of precomposted wastes
resulting in reduced earthworm growth in wastestnveompost precomposted for more than
two weeks were less stabilized and had less nttoentents than vermicompost from wastes
that were precomposted for one week. Results iteticthat precomposting of dairy manure-
waste paper mixtures for one week was ideal faciefft vermicomposting of dairy manure-
waste paper mixtures. Generally, vermicomposts grezp from dairy manure-waste paper
mixtures had low nutrient contents, and in particubtal and available P. Further studies will
explore the feasibility of enriching precompostedstes with phosphate rock as a way of

increasing the P content of dairy manure wastesmpagrmicomposts.
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CHAPTER 4
PHOSPHORUS ENRICHMENT OF DAIRY MANURE-WASTE PAPER

VERMICOMPOST USING PHOSPHATE ROCK

4.1 ABSTRACT

Dairy manure-waste paper vermicomposts were foonket low in nutrients and in particular
phosphorus (P) in the earlier study. The presentysévaluated the effectiveness of a low grade
South African phosphate rock (PR) in enriching ylamanure-waste paper vermicomposts with P
and its possible effects on stabilization, nutriemmintent and physical properties of the
vermicomposts. The ability of earthworms to bioanaolate heavy metals was also assessed.
Results indicated an increase in inorganic phogphatl a reduction in the organic phosphate
fractions of dairy manure-waste paper vermicomplost were enriched with PR. Incorporation
of PR also enhanced the degradation of the dainunmeawaste paper mixtures and increased the
nutrient contents of the resulting vermicompostatiivorms accumulated heavy metals in their
bodies and reduced their contents in vermicompdstdilled porosity and total porosity were
decreased while bulk density, particle density aodtainer capacity of vermicompost were
increased by the incorporation of PR. Thus the goade South African PR could be effectively

used to improve the growing medium value of daignore-paper waste vermicomposts.

Keywords: phosphate rock, dairy manure-waste paper, earthgjoheavy metals, physical

properties
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4.2 INTRODUCTION

Nutrient contents of composts differ greatly depegdn the raw materials used and the extent
of composting (Gaur & Singh, 1995). Results regbiteChapter 3 revealed that vermicomposts
prepared from dairy manure and waste paper mixwegs low in P due to the low contents of P
of both dairy manure and waste paper materials. @aherage total P content of these
vermicomposts was 0.6% which was much lower that df vermicomposts derived from
phosphate rich organic wastes such as separatewlplg, duck and chicken manure which were
reported by Edwards & Burrows (1988) to have td®alcontents of 1.7, 2.9 and 2.7%,

respectively.

To increase acceptability of dairy manure-wasteepaprmicomposts as a source of nutrients or
growing medium it is necessary to increase thaofent and availability. There are a number
of ways of enriching vermicomposts with nutrientsl dhese include the inoculation of composts
with N fixing bacteria and P solubilizing microorgams (Kaushilet al, 2008; Kumar & Singh,
2001) and inoculating composts with phosphate @&R) (Biswas & Narayanasamy, 2006).
Biswas & Narayanasamy (2006) reported that PR leadacomposts had significantly higher
content of total P (2.20%) compared to straw cong(s3%) where no PR was added. The PR-
compost also had higher citric acid soluble P (&™) compared to straw compost (0.1% P).
Preparation of PR-enriched composts may be the nieasible method of enriching
vermicompost as other methods of using microorgasisequire farmers to buy necessary
inoculants that may not be readily available in tBoAfrica. The PR enrichment studies
mentioned above have been done with rice strawgusia thermophilic composting method.
There is little information on the effectivenessRR incorporation to improve the P availability

of dairy manure-waste paper mixtures using the w@mposting process.
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The P released from PR or organic wastes can uodergumber of transformations in the
vermicomposts. Most of the released P is taken ymicroflora and some is refixed due to
abundance of Ca in the system (Simgtal, 1982). Earthworms also assimilate P for theohbo
synthesis while some of the P can be loosely hgldrganic colloids (saloid-bound P) (Gosh
al., 1999). It is therefore important to study theampes in the forms of P during phospho-
vermicomposting in order to understand how P aliditg in the resulting vermicomposts is

likely to be affected.

All PRs contain hazardous elements including theviienetals cadmium (Cd), chromium (Cr),
mercury (Hg) and lead (Pb) and radioactive elememénium (U) that are considered to be toxic
to human and animal health (Mortvedt & Sikora, 19%2corporation of of dairy manure-waste
paper mixtures with PR may therefore increase tbavyn metal contents of the resulting
vermicompost. This is especially true for Cd whishusually bound with P in the apatite
structure (Sery & Greaves, 1996) and is thus coiteniity released with P during solubilization.
Earthworms have, however, been reported to accuenbkavy metals in their bodies (Ireland,
1983) and so it is possible then that their involeat in the biodegradation of wastes could
reduce the amounts of heavy metals present inrtaeviermicomposts.

Application of PR (in powder form) can alter phoaliproperties of the resulting vermicompost.
According to Cheret al (1988), physical properties are the most impadnpa@nameters related to
plant performance in potting medium. If these veomposts are to be used as growing medium
it would therefore be of interest to find out ho® ihcorporation affects the physical properties

of resultant dairy manure-waste paper vermicomposts

The aim of this study was to improve toal and aldé P of dairy manure waste paper

vermicomposts through PR application to dairy manwaste paper mixtures. The specific
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objectives were to determine the: a) effectiverdsslow grade South African PR in increasing
available P and other biochemical properties ofydamanure-waste paper vermicomposts b)
effects of PR and earthworms on heavy metal cortipaosof vermicomposts, and c) physical

properties of the final vermicomposts.

4.3 MATERIALS AND METHODS

The dairy manure used in this study was the samibadspreviously described in Chapter 2
whilst the wastes paper was from Grocott Publishmgsrahamstown which was previously
described in Chapter 3. The phosphate rock usdgisrstudy was obtained from Paraborwa in
Mpumalanga Province, South Africa. According to vt Linde (2004) it is granitic in nature
and has low P contents as well as being insolditle.PR sample used is known by its industry
name as PALFOS 88P and has the following chemicglgsties: POs — 40.3%.; CaO — 54.6%;
MgO — 0.26%, cadmium — 1.2 mg kgchromium - 18.05 mg Ky copper - 5.85 mg kg lead

— 6.05 mg kg and zinc — 13.22 mg Kg(Forskor, Paraborwa, South Africa).

4.3.1 Precomposting

The study was carried out at Fort Hare Univerditye precomposting procedure was carried out
as describe earlier in Chapter 3. Moisture con®€); volatile solids (VS), ash content, total
carbon (C), nitrogen (N) both total and inorgani¢riirate- N and ammonium — N), total P, and

easily available P were determined at the tim@adling the mixtures into compost boxes.

4.3.2 Phosphorous enrichment of vermicomposts witAR

The P enrichment treatments consisted of 4 rate®, &, 4 and 8 kg (elemental P basis) as
ground PR each mixed with 100 kg (dry matter basfsprecomposted dairy manure wastes
paper mixtures.The PR enriched mixtures were themiomposted in worm boxes as
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described earlier in Chapter 2. An absolute contublere dairy manure-waste paper mixtures
left to decompose on their own without additioneafthworms or PR was included. Moisture
content; VS, ash content, total C, total N andgaorc N (nitrate- N and ammonium — N), total
P, microbial biomass carbon and microbial biomasgelRe determined at the time of loading.
Samples were taken on day 0, 14, 28 and 56 of wemposting and analyzed for the above
mentioned parameters. At the beginning and entieermicomposting period Cd, Cu, Cr, Pb
and Zn contents of both substrate and earthwornme determined. Sequential P fractionation
was carried out on precomposted wastes (day Oyamdicompost (day 56 samples). Physical

properties were determined on the final vermicortgosly.

4.3.3 Chemical analysis

For all determinations, except for moisture contegpresentative samples were dried in an oven
at 60°C until constant weight and then ground (srh) to provide a homogenous sample.
Samples for microbiological analysis were storeteatperatures below 4°C and analyzed within

24 hours of sampling.

4.3.3.1 P Fractionation in vermicomposts

Vermicompost samples collected at the start (O dayg)end (56 days) of vermicomposting were
subjected to sequential P fractionation using a ifieadversion of the Hedleyt al. (1982)
procedure as described by Redstyal. (2005). Moist compost samples of 0.5 g (on oven-dr
basis) were placed in 50 ml centrifuge tubes witb tesin strips (anion and cation exchange
resin) in 30 ml deionised water and shaken at £¢5min* for 16 h at room temperature . The P
adsorbed by resin strips was recovered in 20 n0.5fM HCI after shaking for 60 min and

inorganic P was determined by the molybdenum bblerienetric method (Murphy and Riley,
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1962). The suspension was centrifuged for 10 mi®080 rpm and the supernatant discarded.
The compost residues left in the centrifuge tubesewhen sequentially extracted with 30 ml
each of 0.5 M NaHC® (pH 8.5), 0.1 M NaOH and 1.0 M HCI. After shakimgth each
extractant for 16 h, the suspensions was centuffiayed filtered. A portion of NaHCand
NaOH extracts was acidified to precipitate extrdeigganic matter and supernatant analysed for
inorganic P (Pi). Another portion of NaHG@nd NaOH extracts were digested with acidified
potassium persulphate oxidation and analysed tat # (Pt). The organic P (Po) in NaHEO
and NaOH extracts was obtained as the differentedle® Pt and Pi of respective extracts. The
P concentration in all extracts and digests wasrdened by the molybdenum blue colorimetric

method of Murphy & Riley (1962).
4.3.3.2 Microbial biomass indices

Microbial biomass carbon (MBC) was estimated by ifyation— extraction (Vancet al., 1987)

as described in Chapter 3. Compost microbial bggmB was measured by fumigation—
extraction (Brookeset al, 1982) as described by Joergenstnal. (1995). Three portions
equivalent to 1 g oven-dry compost were each etedawith 100 ml of 0.5 M NaHC{pH 8.5).
The first portion was used for the fumigated treattrthe second portion for the non-fumigated
treatment, and the third portion for estimatingx@tion by the addition of 25 pg P'gcompost
as KHPQ, to the extractant. P was analysed by the ammomoigbdate—ascorbic acid method
(Murphy and Riley, 1962). Microbial biomass PpfBvas calculated as described by Broo&es

al. (1982).
Bp (mg kg" compost) = (p— Pu)/(K*100/R)
Where: P = P extracted from CHgfumigated samples
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Pnf = P extracted from non-fumigated samples

Kp = 0.4, the fraction of microbial biomass P exteacafter fumigation (Brookest al.(1982).
R =% recovery of added P = 108(Pn)/50 (Brookeset al. 1982)

where:B = P extracted by exchange regnesn non-fumigated soil spiked with P and

Pn = P extracted from non-fumigated soil.

4.3.3.3 Chemical analyses

Moisture content, VS, total N, C and P were deteadias described in Chapter 2. Mineral
nitrogen (NH" and NQ") and humic substances were extracted and detedramelescribed in
Chapter 2. For the heavy metal contents of théhearims prior to the vermicomposting and at
termination, substrate samples and 20 earthwormgmelp (treatment) were removed from
substrate and used to determine the levels of eadnCd), chromium (Cr), copper (Cu), lead
(Pb) and zinc (Zn) . Afterwards the earthworms weaeed on wet filter paper for a period of 24
h to allow the depuration of their gut contentsisias to prevent misleading results concerning
the actual heavy metals in the body tissues asudt ref heavy metals present in the gut contents.
After the 24h period the earthworms were washedistilled water, dried on paper towels and
killed by freezing. Earthworms and vermicompost gkes were dried and ground (< 1 mm) then
digested using the aqua regia method as descripdédaibhful (2002). The concentration of
heavy metals in worms and substrate was determinsthg an atomic absorption
spectrophotometer (AAS). For vermicomposts, dry @amwere ground (< 1 mm) and then

digested using the aqua regia method (Faithful 220Dry PR samples were also digested as
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above. The concentrations of heavy metals in tgested vermicompost and PR samples were

determined using an AAS.

The physical properties of the various vermicompegtre determined following the procedures
described by Bragg & Chambers (1988) and Gabeiedd. (1993) and equations shown in Table

4.1.

Table 4.1. Equations used to determine the phygcaperties of soilless container media
(adapted from Inbaet al.,, 1993)

Bulk density (BD) (g ctif) = dry weight/volume

Particle density (PD) (g ¢ = 1/ [% organic matter/ (100 x 1.55) +% ash/ (XG065)}
Total porosity (% volume) = (1 - BD/PD) x 100

Water holding capacity (% volume) = [(wet weighty aveight)/volume] x 100

Air space (% volume) = total porosity - water halglicapacity

#1.55 and 2.65 are the average particle densitissiloorganic and mineral matter, respectively.

Samples from each of the potting mixtures were edethoroughly in bulk batches. Samples of
the media were placed into containers of known wmas and weights, with a fine mesh cloth
attached to the base. After initial drainage, thetune level in the container was adjusted such
that it was level with the top of the containettusated with water for 48 h, then allowed to re-
drain. The containers were weighed twice, befokafter drying in an oven for 4 days at 60°C.
The ash contents and organic matter contents qidtieng mixtures were determined in samples

that had been incinerated in muffle furnace at 650t 5 h. From these measurements, the bulk
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density, particle density, porosity, and air andtewacapacities were calculated using the

equations of Inbaet al (1993) (Table 4.1).

4.3.4 Data analysis

The data on P fractionation, MBP, MBC, ash, VS, rieats, HI, HR, heavy metals in
earthworms and wastes as well as physical propedievermicomposts were subjected to
analysis of variance (ANOVA) and mean separation d@ne using least significant differences

(LSD) at p< 0.05 using GENSTAT Release 4.24 (Lawes Agricultlirast, 2008).

4.4 RESULTS

4.4.1 Effects of PR application on P fractions

There was increase in the amounts of the inorgarffei) fractions and a decline in the organic P
fraction (Po) of the vermicomposts with time (Figud.1). The highest P fraction in the
uncomposted wastes was the bicarbonate Po whiéstlegast P fraction was the HCI Pi.
Concentrations of the different P fractions were aftected by PR application rates initially but

the different P fraction responded after 56 days.

In the vermicomposts, the absolute control hadghst Pi concentrations for Resin, Bicarbonate,
NaOH and HCI extractions whilst the highest congigns were observed for vermicomposts
treated with PR at a rate of 8% P (8 kg P per 1§dry weight of waste mixture) (Figure 4.1).

Organic P was highest in the absolute control aabtl in the 8% P treatment for both

bicarbonate and NaOH extractants. Introductioneafthworms to wastes reduced thg P
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fractions and increased the Pi fractions of thelousr extractants. PR addition resulted in
significant increases in the Pi fraction and remuns in the Po fractions of the various

extractants (Figure 4.1).
4.4.2 Effects of PR application on MBC and MBP comnts of vermicomposts

There was an increase in both MBC and MBP durirgfirst 14 days of vermicomposting
which was followed by a sharp decline in thd' 2y and a steady decline to the end of tH& 56
day of vermicomposting (Figures 4.2; 4.3). The éase in MBC was greater than the increase in
MBP and both were influenced by PR application.ti® beginning of vermicomposting there
was no difference in the MBC and MBP contents ef phecomposted wastes but from day 14
onwards application of PR significantly affecte@é MBC and MBP content of vermicomposts.
At the end of the vermicomposting period the MB@ &BP of vermicomposts was higher than
their initial content whilst for the control the ppsite was true. The decrease in MBP was
steeper between days 14 and 28 than between 286dys. However, the MBC decreased

linearly between 14 and 56 days.
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4.4.3 Effects of PR application on selected chemlicand maturity parameters of final

vermicomposts

The various chemical and maturity parameters ferféiedstock and vermicomposts are shown in
Table 4.2. All measured and derived chemical andliritg parameters were affected by both PR
application and time and there was an interactietweéen PR application and time. All the

measured nutrients in vermicomposts were signifigaifected by PR application.
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Table 4.2: Selected chemical and maturity pararmetedairy manure-waste paper mixtures and vermposts.

Treatment Compost Total Total Total C: N HR HI NH,” NOs  NH;/NO;s ResinP pH EC
Age N P C ratio pnS/cm
gkg® (%) mgkg' mg/kg
Day O
Control M 1.30a 4.4a 38e 29e 1.27a 6.2a 48.9f 15.2a 3.21c a 4358.05b  868b
O% P M 1.29a 4.5a 37de 29e 1.28a 6.2a 47.8f 15.28.14c 431a 8.05b 893ab
2%P M 1.32a 14.2c 38e 29e 1.33a 6.4a 47.8f 15.28.15c 434a 8.35d 989bc
4% P M 1.31a 19.8d 38e 29e 1.37a 6.8a 48.7f 15.48.17c 428a 8.49%e 921ab
8%P M 1.28a 309g 37de 28e 153b 7.6b 48.5f 15.38.17c 434a 8.56f 929 bc
Day 56
Control V 1.45b 4.9a 36d 26d 4.0c 7.6b 34e 30b 1.13b 583b .07b8 1362d
O% P \ 2.13c 8.0b 29c 14c 16.2d 18.9c 16d 147c 0.11a c 945 7.84a 858a
2%P V 2.24d 245e 26b 12ab 20.5e 23.3d 13c 231d 0.06a 313dL 8.18bc 889b
4% P V 2.25d 29.8f 2bab 1la 25.3f 28.4e 11b 289e 0.04a 4214 8.23c 778a
8% P \Y 2.28d 36.7h 24a 10a 3299 36.4f 9a 332f 0.03a 15628.11b 717a

M = mixtures of dairy manure-waste paper, V = veonmpost. Means in the same column followed by thraes letter are not

different according to LSD (p < 0.05ontrol = No earthworm and no PR applied
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The highest total N level was recorded in the veamiposts where 8% P was added though this
was not different from those where 2% and 4% wateddand the least total N was in the
absolute control (Table 4.2). Initially all the wes had the same amount of C but after the
vermicomposting the highest C content was in theohibe control whilst the least C was in the
treatment with the highest P application rate. Costg derived from absolute control had the
least total N. The combination of an increase ianfd a corresponding decline in C resulted in
lower C: N ratio in vermicomposts (Table 4.2). Tghuhe C: N ratio of mixtures was the same
and not affected by P application rate, at the Rragpplication rate strongly influenced the C: N
ratio of vermicomposts. The least C: N ratio ofwlds recorded for wastes which had the highest
P application rate whilst the highest C: N rati®zéfwas in wastes that had no earthworms or P

added.

Initial total P levels were affected by P applioatwith the highest P recorded for the mixtures
with the highest P application and least in theohlie zero treatment. The same trend was
observed for the total P content of vermicompoRessin P content of wastes was initially the
same but there was an increase in vermicompoststié highest amount recorded where the
highest P applied and the least in the absolutérasn Highest levels of ammonium were
recorded in the precomposted wastes and the lexgbs not affected by PR addition (Table 4.2).
After vermicomposting the ammonium levels dropped #e least ammonium concentration
was recorded in the treatment with the highest pliegiion rate (8% P) whilst the highest

ammonium level was in vermicomposts derived in thabsolute control.
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Like other nutrients, nitrate was low in the prepasted wastes and was not affected by PR
addition (Table 4.2). At the end of the vermicontpag phase, the nitrate levels had risen in all
treatments and PR application had an influencehennitrate content of vermicomposts. The
highest nitrate levels were recorded in the treatmgth the highest P application and the least
nitrate levels in the absolute control. Like theNCratio of wastes, there was a decline in the
NH;:NO;s ratio of the vermicomposts as the nitrate levelsrdased at the expense of the
ammonium levels (Table 4.2). Initially the i NOs ratio was not affected by application of
PR and was high due to the high initial levels mi@onium in the wastes. The least NHNO3
ratio was recorded for vermicomposts derived froastes with the highest P application and the
highest NH™: NOs ratio was for the absolute control. Similar trendere observed for the HR

and HI indices.

The initial pH and EC of feedstock were affectedRfy application and these parameters got
higher with P application rate (Table 4.2). Bothrgmaeters were reduced with increasing
vermicomposting time and in the final vermicomposite highest EC was recorded in the
absolute control whilst the least was recorded astes that had the highest P application (8%
P). The lowest pH was recorded in the 0% PR applicaate (wastes with earthworms but no P

applied) and highest in wastes with 4% P applicataie. The changes in pH were small though.
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. 4.4.4 Effects of PR application on earthworm and wenicompost heavy metal content

Table 4.3: Heavy metal composition of mixtures @y final vermicomposts (V)

Treatments Cd Cr Cu Pb Zn
Day Added PR-P (%) Earthworms mgkg
M

0 0 N 1.11b 4.54b 5.82b 2.37b 8.41b
0 P 1.09b 4.56b 5.79b 2.43b 8.39b
2 P 2.35e 20.56e 10.85¢g 8.33f 20.28g
4 P 3.13g 37.56h 12.90h 13.52h 28.53h
8 P 4.05h 59.99i 15.66i 17.82i  32.74i

\

56 0 N 1.51c 5.49c 6.12c 2.52c 9.06¢c
0 P 0.71a 2.74a 3.76a 1.46a 4.67a
2 P 1.53c 12.40d 7.05d 5.00d 11.16d
4 P 2.03d 22.53f 8.38e 8.11e 15.69e
8 P 2.63f 34.78g 10.18f 10.69g 18.01f

N = none P = present

Means followed by the same letter under each pammee not significantly different according

to LSD (p< 0.05).
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The highest concentrations of heavy metals werfeedstock and vermicomposts that received
the highest PR application rate and least in thattnents without any PR application (Table
4.3). In the absolute control the concentratioralbfheavy metals significantly increased with

composting time. For wastes with earthworms it whserved that there was a decline in the
concentration of all the heavy metals in the veamiposts (Table 4.3). The greatest reduction in

heavy metals occurred with Zn whilst Cu and Cd tmedeast reductions.

Table 4.4: Heavy metal composition of earthwormeitge(l) and after vermicomposting (F)

Treatments Added PR- Cd Cr Cu Pb Zn
P mg kg

Day mg kg
(%)

0 0 0.27a 0.53a 0.85a 0.39a 1.44a
2 0.30a 0.57a 0.86a 0.40a 1.42a
4 0.30a 0.58a 0.83a 0.42a 1.40a
8 0.28a 0.57a 0.87a 0.37a 1.39a

F

56 0 0.30a 1.65b 1.32b 0.56b 2.18b
2 0.53b 2.68c 2.47c 1.75c 5.21c
4 0.64c 3.70d 2.85d 2.73d 6.90d
8 0.83d 4.62e 3.32¢ 3.53e 7.80e

Means followed by the same letter under each pammee not significantly different according

to LSD (p< 0.05). | = initial earthworm heavy mletaF = final earthworm heavy metal content
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At the beginning of the vermicomposting period @smobserved that earthworm heavy metal
content was not affected by PR application (Tabld)4 Zn was the found in highest amounts
whilst Cd was in the least amounts in the earthvgorifter vermicomposting there was a

significant increase in the amounts of all heavyaisein the earthworms and this increase was
influenced by PR application rate (Table 4.4). &bthe heavy metals, the highest levels were in
earthworms fed on wastes with an 8% P applicata whilst the least was in earthworms fed

on wastes without any PR.

4.4.5 Physical properties of vermicomposts.

The bulk densities (BD) of the vermicomposts websewved to increase with PR application

(Table 4.5)

Table 4.5: Physical properties of vermicomposts

Treatment Bulk Density Particle Density Water Total Air filled
(g cnt) (g cm®) holding Porosity (%) porosity (%)
(PR added) capacity
(%)
0% P 0.305a 1.90a 75¢C 83c 15c
2% P 0.431b 1.96b 73c 80b 13b
4% P 0.440c 2.04c 74b 78a 10a
8% P 0.465d 2.08c 69a 77a 9a

Means followed by the same letter under each paemee not significantly different according

to LSD (p< 0.05)
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The least bulk density of 0.305 g ¢nwas recorded for vermicomposts without any PR
application and the highest bulk density of 0.466m?* recorded for vermicomposts with the

highest PR application.

The same trend was observed for particle dengi@&9 of the vermicomposts. Water holding
capacity (WHC), total porosity (TP) and air fillgabrosity (AFP) all decreased with increased
PR application. The least PD, BD and highest WH®@, dahd AFP were recorded for the
vermicomposts that had no P applied to them wtfikstopposite was true for wastes that had the

highest PR applied to them.

4.5 DISCUSSION

4.5.1Effects of PR application on P fractions

The presence of earthworms enhanced P availabgitywas evidenced by the increase in all the
Pi levels and decrease in Po levels in vermiconspagth earthworms only without P
applications compared with wastes without earthveorrBuch effects of earthworms in
mineralizing wide ranges of organic materials whk help of various bacteria and enzymes in
their intestines have been described in detail Owdtds & Lofty (1972) and others. Similar
improvements in P contents due to earthworm presérave been reported by Gosh al
(1999). PR application to dairy manure-waste papetures enhanced P availability through
increases in the labile (Resin Pi and NaHEand less labile pools of P (NaOH Pi and Po).
The increase in both labile and less labile P waxbably due to the combined effects of
degradation of organic matter and the dissolutioapplied PR. The more PR applied the more
the increase in labile P and less labile P frastimnvermicomposts. The increase in the Pi and
corresponding decrease in Po implied solubilisamdnPR as well as of organic P in the

mixtures.
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A possible explanation for the enhanced increasavailable P could be the presence of high
microbial populations as evidenced by presencegif microbial biomass C and P during the
early stage of vermicomposting. The increase inrobial biomass C and P could have been a
result of an increase phosphate solubilizing migganisms. Though these microorganisms were
not enumerated in this study, these microorganisave been reported to be able to solubilize
PR through acidification of the media (Raju & Redd$99). Similar results of increases in
available P with vermicomposting were reported yatBacharya & Chattopadhyay (2002) who
reported an increase in phosphate solubilisingaoiganisms during vermicomposting of cattle
manure amended with flyash. Presence of humic anbst could also have aided in the
dissolution of PR. In this study high levels of hareubstances were recorded in vermicomposts
where PR was applied. According to Singh & Ambergdi990), fulvic acid can adsorb
significant amounts of G& and releasing Hions, thereby enhancing PR dissolution while

humic acid may form complexes with P and Ca, aedtera sink for further dissolution of PR.

45.2 Effects of PR application to selected chemicaand maturity parameters of
vermicomposts

Increases in total N and P with vermicompostingetimere probably due to a concentration
effect caused by weight reduction of the compostimgtures as a result of organic matter
degradation and loss of C as carbon dioxide. Duthng process of vermicomposting, the
earthworms usually enhance nitrogen mineralizatiaihe substrate, so that the mineral nitrogen
is retained in the nitrate form (Atiyedt al, 2000). Earthworms have also been reported to add
nitrogen to vermicompost in the form of mucus, oggnous excretory substances, growth
stimulating hormones and enzymes during the fragatiem and digestion of organic matter

(Tripathi & Bhardwaj, 2004).
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The observed increase in the total N content aiw@mposts together with the loss in carbon as
carbon dioxide, resulted in a decline in the C:aNor of composting materials. Vermicomposts
with the highest added P had the least C: N rdti®ovhilst the absolute control had the highest
C: N ratio of 26. Application of earthworms to twastes caused a significant reduction in the C:
N ratio of wastes to 13. According to Bermedlal. (1998a) a C: N ratio of less than 12 and or an
NH,": NOs ratio of< 0.16 indicated a good degree of maturity such alatermicomposts with

added P can be considered sufficiently matured.

The pH of the control was not different from théttlee original mixtures whereas that of the
different treatments were reduced after vermicortipgs Other authors have found similar
results in vermicomposting experiments and havegestgd that the mineralization of N and P
compounds, and the production of humic and fluuis @s possibly the causes of the decrease in
pH during vermicomposting (Ndegwa & Thompson, 20&Bushik & Garg, 2004). The
electrical conductivity (EC) of the different vermompost after the different treatments did not
exceed the threshold value of 3 dS indicating that the material can be safely appt@doil
(Soumareet al, 2002). Low EC values recorded for the vermicostpmuld be attributed to
vermicomposting process whereby the minor prodact@f soluble metabolite such as
ammonium as well as the precipitation of dissolsaelis may lead to lower EC values (Mitchell,

1997).

Increases in the amount of extractable ExjQvith time indicated conversion of organic matter
into humus. The decline in the fulvic acid fractiath time and increase of the humic acid
fraction indicated transformation of the easily &@able molecules that make the fulvic acid
fraction to the more recalcitrant molecules of leigmolecular weight which make up the humic

acid fraction. The increases inCand Gy with vermicomposting resulted in increases in Hild a
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HI values which indicated humification of organiatter in the vermicomposts. Application of
PR increased microbial biomass of vermicompoststhisdcould have resulted in increased rates
of degradation and increased humification as magarac matter was degraded in these

vermicomposts.

Results from this study revealed that there wagmifieant reduction in C: N ratio, increase in
nutrient contents (Total N and P as well as avklad and P), higher HI and HR in
vermicomposts with PR application over the vermipost with earthworms but no PR
application. This could have been due to a redanatiothe C: P ratio of dairy manure-waste
paper mixtures and resulted in a proliferation irtroorganisms whose activities resulted in
enhanced decomposition of the organic wastes. $aggested that P could be critical in
vermicomposting and that more work is needed tabdish critical P levels necessary for the

efficient vermicomposting of dairy manure-waste gramixtures.

4.5.3 Effects of PR application on heavy metal coatts of vermicomposts and earthworms

The concentrations of the heavy metals Cd, Cr, Ruand Zn in mixtures were observed to
increase with PR application. This could be atteluto addition of PR to dairy manure-waste
paper mixtures. In the vermicomposts, the conaéintis of Cd, Cr, Cu, Pb and Zn declined
whilst in earthworms and the absolute control tiveas an increase in their concentrations. The
observed increase in heavy metal contents of earthesand reduced levels in vermicomposts
can be attributed to the ability of the earthwo(sfetidg to accumulate heavy metals (Ireland,
1983). Similar observations of an increase in eastin heavy metal content and a
corresponding decrease of heavy metals in sewadgesbased vermicomposts were reported by
Shahmansourt al (2005). However, in their study they recorded mbugher values for both

vermicompost and earthworm heavy metal contentdaltiee fact that they used sewage sludge
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which naturally has higher heavy metal contents tthee dairy manure wastes paper mixtures

used in this study.

The levels of heavy metals Cd, Cu, Pb and Zn inaRfended vermicomposts reported in this
study are far below the toxicity their levels regedrby Maleckiet al., (1982) fork. fetidawhich

on ppm per dry weight basis are 50, 100, 200, &@0Q for Cd, Cu, Pb and Zn, respectively.
This implies that the growth of earthworms may have been affected by the presence of these
heavy metals in the composting mixtures. The higincentration of heavy metals in
vermicomposts amended with the highest the ratBRfapplication implies that in order to
reduce heavy metal loading to the environment frapplied vermicomposts, it would be
necessary to amend waste mixtures with lower rateRBR application. An optimum low rate
needs to be established experimentally. Comparegw@ge sludge derived composts reported
by Mupondiet al, (2006), the heavy metals Cd, Cu and Zn in tReafmended vermicomposts
are much lower and will not pose an immediate dabtgéhe environment through their use as
nutrient sources for gardens. The pHs of the vesmposts were also high and when applied to

acidic soils may help to increase soil pH therealgypsessing solubility of Cd.

4.5.4 Effects of PR application on vermicompost plsycal properties

The increase in bulk density of vermicomposts witlteased PR application could be due to the
fact that PR application increased the mass ofntindure and the resultant vermicomposts
compared to where no PR was added. The same e#plahalds for particle density which was
highest in vermicomposts with the highest PR apgibn and least in vermicomposts without
any PR application. As for the WHC, TP and AFP,liappion of PR caused a decrease in each
of these properties. Addition of PR patrticles re=iilin lower WHC as the PR particles do not

hold much water. After the addition of PR the WH@swWowered from 75% where no PR was
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added to 69% after addition of 8% PR but this walsvathin acceptable limits according to de
Boodt & Verdonck (1972) who proposed WHC rangedgawing medium of between 55% and
75%. For good plant growth a minimum of 85% totalgsity is considered suitable for growing
medium (de Boodt & Verdonck, 1972). Total porosiy the vermicompost without PR
application (83%) was observed to be below the meuended limit of 85% (de Boodt &
Verdonck, 1972) and addition of PR further redudbé amount of air spaces in the
vermicomposts and thus a decline in both total andilled porosity. Air filled porosity of
vermicomposts without PR application (15%) was witihe recommended range of between 10
and 20% considered suitable for growing medium (Bu@88). At 8% PR application the air
filled porosity of the vermicomposts fell below th8% limit which made these unsuitable for

use growing medium because of the limited aeration.

Pine bark is the substrate of choice in the Sodtlc@ due to its availability, affordability, and
desired physical properties (high air porosity)wdger, pine bark is acidic and has low nutrient
retention properties (Muponet al, 2006) with little ability to provide nutrients the substrate
solution. Substitution of pine bark with the alkali and nutrient rich dairy manure
vermicomposts could help improve the pH and provid&ients to the substrate solution. The
vermicompost could also help improve water holdiagacity of pine bark compost medium. A
subsequent study to be reported separately evdltlagetechnical feasibility of dairy manure-

waste paper vermicomposts as components of pitkecbanpost based growing medium.

4.6 CONCLUSIONS
The addition of PR to dairy manure-waste paper umed improved chemical properties of

vermicomposts. It increased the total P and avial® as well as total N and available N of
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vermicomposts. PR application also enhanced theadation process as was evidenced by
increases in humification indices. Earthworms redu€d, Cr, Cu, Pb and Zn concentrations in
vermicomposts and increased the levels of theseyheatals in their bodies. Phosphate rock
application can, therefore, be used to improve d¢b&mand physical properties of

vermicomposts but must be incorporated at low ratesrder to reduce heavy metal loadings

into the environment.
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CHAPTER 5
DAIRY MANURE-WASTE PAPER VERMICOMPOSTS AS
COMPONENTS OF VEGETABLE GROWING MEDIUM: EFFECTS ON
PHYSICOCHEMICAL PROPERTIES, TOMATO SEEDLINGS GROWTH

AND NUTRIENT UPTAKE.

5.1 ABSTRACT

A glasshouse experiment was carried out to deterthia effects of amending a commercial pine
bark compost with dairy manure-paper vermicomp@86,(20%, 40%, 60%, and 100% by
volume) on the physicochemical properties of thelioma and plant growth. The study was a 5 x
4 factorial experiment in a randomized completebldesign (RBD) with three replicates. Four
fertilizer levels, 0, 2, 4, and 6 granules per tawere used. Tomatd.ycopersicon esculentum
Mill.) seeds were sown and seedlings allowed tovgiar 4 weeks. The percentage total porosity
and percentage air space, decreased significaithyr, substitution of pine bark composts with
equivalent amounts of dairy manure-paper vermicatgpwhereas bulk density, particle density,
container capacity, pH, electrical conductivity aNdand P levels increased. The growth of
tomato seedlings in the potting mixtures containif@®% dairy manure-paper vermicompost
was reduced and was greatest after substitutigringf bark compost with 60% dairy manure-
waste paper vermicompost, with more growth occgrimcombinations of dairy manure-paper
vermicompost where fertilizer rate of 6 granules pavity was applied than in those with no
fertilizer applied. The findings of this study segg that the best medium planting tomatoes is

the 60% vermicompost substitution into pine bark.
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5.2 INTRODUCTION

Pine bark compost is the growing medium of choiteSouth Africa due to its availability,
affordability, and desired physical properties thajr porosity) and good structure but it has low
water holding capacity and available water (Smit@85). Pine bark is acidic with a pH of
between pH 4 to 4.3 (Germishuisen, 1988) and doehave sufficient available nutrients to
supply plant needs (Roberts, 1987). Liming of phaek-based composts, and fortification with
nutrients, are required in order to improve iteefiveness as a growing medium for seedlings.
Mupondiet al, (2006) produced composts with a high pH of 6hémthey co-composted acidic
pine bark with kraal manure. The P enriched damrgnure-waste paper vermicomposts
produced in the Chapter 4 had an alkaline pH of H@vever, vermicomposts from the 8% PR

application had poor air filled porosity and wotiteétrefore require an improvement in aeration.

According to Ingram & Henley (1991), roots growimgpoorly aerated media are weaker, less
succulent and more susceptible to micronutrientcigfcies and root rot pathogens such as
Pythium and Phytophtorathan those growing in well-aerated media. The Hckad dairy
manure-paper vermicomposts could therefore imgnowme bark compost growth medium’s
bulk density, particle density and water holdingasty as well as raise the pH of pine bark
compost. The mixing of dairy manure vermicomposits wine bark will mean a compromise in

their nutritional value and necessitates the udertfizer to raise bigger and healthier seedlings

Several studies assessed the effect of vermicompm&ndments in potting substrates on

seedling emergence and growth of a wide range oketable fruits cultivated in greenhouses
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Aranconet al, 2004 (a); Atiyelet al, 2000), as well as on growth, yields Atiyehal, 2000;

Aranconet al, 2004 (b). The greatest plant growth responsesirced where vermicomposts
constituted a relatively small proportion (10—-208b)he total volume of the substrate mixture,
with higher proportions of vermicomposts in the tane not always improving plant growth

(Subleret al.,1998).

The aim of this study was to formulate P-enricheangng media through substitution of pine
bark compost with PR enriched vermicomposts. Trexifip objectives were: (1) to determine
the effect of amending pine bark composts withydaianure vermicomposts on physical and
chemical properties of medium and on tomato segdjmowth. (2) to evaluate the possibility of
optimizing the growth of seedlings grown in the gast using Horticote (7: 2: 1 (22)), a slow

release NPK fertilizer.

5.3 MATERIALS AND METHODS

The plant growth media consisted of a commerciale ppark compost (Rances Timbers,
Sutterheim, South Africa) as a control and amendsneh the pine bark compost with 20%,

40%, 60% and 100% (by volume) of P- enriched daignure-waste paper vermicompost. The
P-enriched dairy manure- waste paper vermicompastprepared at the University of Fort Hare

as described in Chapter 4.

5.3.1 Analyses of physical and chemical propertied growing media

The initial physical properties of the various pait mixtures were determined following the
procedures described by Bragg and Chambers (19&8B)Gabrielset al. (1993) as detailed in

Chapter 4.
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EC and pH were determined potentiometrically in &A suspension of sample in distilled water
water. These suspensions were placed on a meahahaker at 230 rpm for 30 minutes prior to
the measurements. Mineral nitrogen (NHand NQ) and Bray 1 P were extracted and

determined as described in Chapter 2.

5.3.2 Seedling growth experiment

A 5 x 4 factorial experiment in a randomized congplelock design (RBD) with three replicates
was carried out in a glasshouse which has a ctedr@nvironment. Five levels of growing
media, consisting of amendments of pine bark gigwmedium with vermicomposts as follows
0% (control), 20, 40, 60 and 100% (by volume), wesed. Four fertilizer levels of 0, 2, 4 or 6
granules of Horticote (7:1:2 (22)) were appliedeaxh growing medium before sowing. The test
crop used was tomatd.ycopersicon esculentuiill.). Polystyrene trays with 40 cavities per
tray were filled with the appropriate medium as peatment and two tomato seeds were sown
into each cavity. At the end of one week emergarmats were done and used for calculating
the emergence percentages for the different médiar two weeks the plants were thinned to
one plant per cavity. Plants were monitored redylfor deficiency symptoms as well as for
possible disease and pest attack. The experimentemainated after 4 weeks and plant height
(distance from potting medium level to the top noded stem girth were determined. Plants
were removed from potting mixtures, separated soot and root portions and their fresh and
dry weights determined. Dry weights were determibgdoven drying samples at 60 °C for 3
days (Atiyehet al, 2001). The dried shoots were ground (< 1 mm)amalysed for tissue N, P
and K by wet digestion using a mixture of concaettssulphuric acid, selenium, salicylic acid

and hydrogen peroxide as described by Okaétlad (2004).
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5.3.3 Data Analysis

Plant height, stem girth, shoot and root dry weigig well as tissue N, P and K were statistically
analyzed using the GENSTAT RELEASE 4.24 (Lawes égtural Trust, 2008) statistical
package and means separation done using the igagicant difference (LSD) method at 0.05

level of significance

5.4 RESULTS

5.4.1 Physical properties of growing media

Dairy manure-waste paper vermicompost had a belfisity more than 1.6 times that of pine
bark composts and its particle density was alsaifsggntly higher than that of pine bark
compost. Substitution of pine bark compost withrglananure-waste paper vermicompost

resulted in an increase in both bulk and partielesities of the resultant medium (Table 5.1).

The percentage water holding capacity of dairy meswaste paper vermicompost (74%) was
significantly greater than that of pine bark contp@s8%) (Table 5.1). The air filled porosity
(10%) of dairy manure-waste paper vermicompost sigsificantly less than that of pine bark
(40%). The percentages of total porosity of thaipgtmixtures, after the incorporation of 20%
up to 60% vermicompost into pine bark compost nadiwere reduced by 1.1% to 3.4% whilst
air filled porosity was lowered by 12.5% to 57.5%ercentages of water holding container

capacities were increased by 8.3% to 39.5% (Taldle 5
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Table 5.1: Physical Properties of growing mediastituted by substituting pine bark compost

with different proportions of dairy manure-wast@eavermicompost.

Proportions of pine barkBulk Particle Total Water Air space

compost and density’ density porosity holding .

Vermicompost 3 3 (%) capacity (%)
(e (gent) %)

Pine bark Vermicompost

(%) (%)

100 0 0.19e 1.64c 88 a 48 e 40 a

80 20 0.23d 1.76 b 87b 52d 35b

60 40 0.26 ¢ 1.83b 86 c 62 c 24 c

40 60 0.29b 194 a 85d 67b 17d

0 100 0.33 a 195a 83 e 74 a 10e

"Means within the same column followed by the sagtied are not significantly different at<F0.05

5.4.2 Effect of vermicompost on chemical propertiesf growth medium

The dairy manure-waste paper vermicompost had hidgneels of the different chemical
parameters analyzed than pine bark compost (TaBle Substituting pine bark compost with
increasing proportions of dairy manure-waste papi&ture vermicompost resulted in significant
increases in nitrate and ammonium-nitrogen and Br&yconcentrations in the resulting media

(Table 5.2). The pH and EC followed a similar trefitie pH of the constituted media became

108



progressively less acidic with each increment ef vermicompost whose pH was alkaline (pH

7.59). Corresponding increases in the electricatiootivity were also observed.

Table 5.2: Chemical properties of a standard grgwiredium (Pine bark compost) substituted

with different concentrations of dairy manure-wgsig@er vermicompost.

Proportions of pine barkNitrate Ammonium Bray 1 P pH EC
compost and vermicompost  (mg/kg)®  (mg/kg) (mg/kg) (@s/m)
m

Pine bark (%) Vermicompost

(%)
100 0 46 e 11d 39e 432e 69e
80 20 77d 16 c 93d 471d 27.8d
60 40 105 c 26 b 123 ¢ 519c¢ 409c
40 60 163 b 28 b 139b 6.17b 80.9b
0 100 198 a 32a 152 a 7.59a 1295a

AMeans within the same column followed by the saetiel are not significantly different at<P
0.05

5.4.3 Effects of vermicompost on seedling emergence

Neither media nor fertilizer levels had an effesttomato seedling emergence (Table 5.3). The

mean tomato emergence percentages, in the fiveamedt (100% pine bark compost) - 94.5%;
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20% vermicompost - 95.3%; 40% vermicompost - 95.808p vermicompost - 94.5%nad 100%

vermicompost — 94%.

Table 5.3: Effects of medium and fertilizer levetstomato seedling emergence

Fertilizer level Growth medium
(granules/cavity)

Control 20% V 40% V 60 %V 100% V

Seedling emergence (%

0 94 96 97 96 95
2 96 93 96 95 94
4 93 95 95 94 93
6 95 96 93 93 96
C — Control 100% Pine bark compost; V — vermicompos

5.4.4 Effects of vermicompost and fertilizer appliation on tomato seedling growth and
tissue nutrient content

Stem girth, plant height, shoot and root dry wesgbit tomato seedlings receiving no fertilizer
and grown in 100% dairy manure-waste paper vermpasin differed significantly from those
of seedlings grown pine bark compost alone (Figbre). Tomato seedling growing in
unfertilized growing media showed visible N and &idency symptoms within a week after
germination. Visual observations showed that aolditf 2 granules of fertilizer helped alleviate
N deficiency symptoms in all growing media but Hidency symptoms persisted in the PB
compost medium. Successive additions of dairy nmemaste paper vermicompost improved

growth of tomato seedlings. There was an intevadbetween medium type and fertilizer level
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Shoot dry weight (g)
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Added fertilizer (granules/cavity)
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(b)
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Added fertilizer (granules/cavity)

(d)

Added fertilizer (granules/cavity)

—&—C
——20%VC
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——20%VC
—4&— 40%VC
—X—60%VC
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Figure 5.1. Effects of medium and fertilizer on ¢apot dry weight, (b) root dry weight, (c) plaridght and (d) stem girth.

Errors bars represent LSD £0.05) .The average fertilizer granule mass wasmd@&nd contained 8.95 mg N, 1.25 mg P, and 2.55

mg K.
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Figure 5.2. Effects of medium and fertilizer lewel () N (b) P and (c) K tissue content in

tomato tissue. Errors bars represent LSB (p05)
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on the stem girth, plant height, shoot and rootwleyghts of tomato seedlings. The stem girth,
plant height, shoots and root dry weights of toreatawere dependent on the amount of fertilizer
added and the type of medium. Increase in tomatm gfirth, plant height, shoot and root dry
weights with fertilizer addition was in the ordene@nded pine bark compost < 20% V < 100% V

<40% V < 60% V at the highest fertilizer applicati@ate of 6 granules per cavity.

The tomato tissue nutrient content (N, P and K) watscted by the medium and fertilizer
application and there was an interaction betweewtr medium and fertilizer application level
(Figure 5.2). Combinations of dairy manure-wastpepavermicompost with Horticote fertilizer
increased nitrogen, phosphorus and potassium uptakiee plants, which was demonstrated by
the greater concentrations of tissue N, P and tommato plants treated with fertilizer compared
with the plants with no fertilizer, and consequegrdteater seedling growth (Figure 5.2). The
tissue N, P and K concentrations of tomato seesllingreased with increasing proportions of
dairy manure-waste paper vermicompost in the mpttmixtures (up to 60%) and fertilizer

application rate.
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5.5 DISCUSSION

According to Jansen (21-05-2010), commercial preduof vegetable transplants consider an
emergence percentage of 90% or more as satisfaaiwdyvalues lower than 90% as low
Therefore all growing media tested provided optic@iditions since the percentage emergence

for all media was greater that the critical levied8%.

Visual observations of N and P deficiency symptamese made in all unfertilized media. This
suggested that the media used in this study weteable to supply tomato seedlings with
sufficient amounts of nutrients. The decreasedantpggrowth, when the concentration of dairy
manure-waste paper vermicompost in the potting umedipproached 100%, could possibly be
attributed to poor aeration. According to Bun9&&) a good growing medium should have an
AFP of between 10 and 20%. The air filled porosityhe 100% vermicompost growing medium
(10%) was at the lower end and that may have negataffected root growth and proliferation
and result in reduced plant growth. By contrastiwAE&P was optimal as was the case with the
20% to the 60% vermicompost substitutions seedirayth increased progressively. Initially
the pH of both pine bark compost (4.32) and daignure-waste paper vermicompost (7.59)
were both outside the optimum range of betweenabd 6.5 (Goh & Haynes, 1977). Upon
incorporation of dairy manure-waste paper vermicostp into pine bark compost the pH of the
growing media mixtures increased progressively wittreasing substitution of vermicompost.
This improvement in pH from could have improvednplgrowth by its direct effect on nutrient
availability. At high pHs the availability of all iwronutrients except for molybdenum is very
low as well as that of P whilst at low pHs the #aaility of P, N, Mg is low whilst levels of
micronutrients can reach toxic levels (Hawinal,, 2005). Similar improvements in plant growth

as a result of an improvement in substrate pH wegerted by Atiyelat al., (2001)
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Without fertilizer application, there was an impeovent in tomato dry matter with increasing
proportions of dairy manure-waste paper vermicortgpap to 60%. This was probably due to
the high nitrogen content and P content of the tdubsd substrates, compared to the pine bark
compost control. The dairy manure-waste paper \ampost contained more nitrates and more
available P, than pine bark compost. In agreemetit results of Atiyehet al (2001), the
substitution of pine bark compost with increasinggortions of dairy manure-waste paper
vermicompost into increased, P and content ofeéagds. This seems directly attributable to the
higher concentration of these elements in the daiaypure-waste paper vermicompost than in

the pine bark compost medium.

Fertilizer application improved the growth and et uptake of tomato seedlings across all
growing media. This suggested that the growing meded in this study were not able to supply
tomato seedlings with sufficient amounts of readisailable nutrients and that the addition of
Horticote fertilizer increased tomato seedling giowurther. Similar results of increased

seedling growth with fertilization of growing mexain were reported by Atiyeét al (2001).

The growth of tomato seedlings treated with femdili was greatest in potting mixtures
substituted with 60% dairy manure-waste paper vampost, probably as a result of combined
improved physical conditions and nutritional fastasf the growing medium. The highest
application rate of 6 granules of fertilizer pewitaresulted in the greatest growth and nutrient

uptake across all media.

Results of this study revealed that the best miedieaising tomato seedling were the 40 to 60%
vermicompost substituted pine bark media. Thisnslar to the studies reported by Atiyahal.

(2000), where the greatest plant growth responsedasgest yields have usually occurred when
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vermicomposts constituted only a relatively smadigortion (20 to 40%) of the total volume of
a greenhouse container medium mixture, with grgata@portions of vermicomposts substituted

into the plant growing medium not always improvpignt growth further.

5.6 CONCLUSIONS

The Substitution of pine bark compost with 40 to%(PR-enriched vermicompost produced a
growing medium with superior physical and chemmalperties which supported good seedling
growth. However, for optimum seedling growth, s@gopéntation with mineral fertilizer was
found to be necessary. Horticote (7: 2: 1 (22Blcav release NPK fertilizer, proved to be quite
effective in this regard. Therefore, PR-enrichednieompost has the potential to enhance the

growing medium value of pine bark composts.
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CHAPTER SIX
GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

FOR FOLLOW UP STUDIES

6.1 GENERAL DISCUSSION

The massive production of organic wastes callsrfanagement approaches that are ecologically
sound. Composting is the best known process fdogiical stabilization of solid organic wastes.
Traditional thermophilic composting requires longration and high frequency of turning. The
material may also need to be reduced in size,treguh loss of nutrients and a heterogeneous
product (Ndegwa & Thompson, 2001). The thermophémperatures reached provide adequate
pathogen kill and weed seed kill. Vermicompostiagdriven by earthworms and results in a
more homogenous product. Earthworms aerate, condénd fragment the substrate, thereby
altering the microbial activity (Lazcared al, 2008). However, pathogen removal is not ensured
since the temperature is always in the mesophalige, although some studies have provided
evidence of suppression of pathogens (Morabgl, 2008). Compost products are generally low
in some nutrients like P which affects their vahsenutrient sources for plants. The objective of
this study was to evaluate the possibility of commg thermophilic and vermicomposting of
dairy manure-waste paper mixtures including enriehimwith phosphate rock on physical,

chemical and microbiological properties of the pratchnd their effects on seedling growth.

The aim of combining thermophilic composting andnweomposting is to eliminate pathogens
during the thermophilic stages of the precompospihgse. The study revealed that the 4 week
precomposting period result in undetectable legtls. coli0157 in waste mixtures of both C: N
ratios of 30 and 45 compared to vermicompostingctvisignificantly reduced pathogen numbers

whilst pathogens actually increased in the contibimination of pathogens could have been
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effected through one or a combination of modes isinfitction. High temperature attained
during the thermophilic stage of composting couldveh been responsible for pathogen
elimination. A temperature of 8 must be maintained for 15 consecutive days fticieft
composting and pathogen reduction (USEPA, 1992)wéls during thermophilic decomposition
ammonia is produced and this may also have begromeible for pathogen elimination as
ammonia has been reported to kill microorganisnpsi@&n, 1997). On the other hand pathogen
reduction in vermicomposts could be attributedhi® ingestion and the digestion of pathogen by
earthworms as well as production of enzymes sucheasxidase capable of killing bacteria
(Edwardset al, 1984). Similar observations in pathogen reductiocrough vermicomposting
were made by Brown & Mitchell (1981), who reportedtEisenia fetidafeeding on a growing
medium inoculated with @monella eneritidusteduced the populations of this enteric pathogen

by 42 times, compared to controls, after 28 days.

A study by Larneyet al. (2003) reported a 99.9% reductiongn coli 0157 pathogen within 7
days of composting when average windrow temperstware only 33.5 — 41°6, lower than
the thermal kill limit of 58C (USEPA, 1992). It is possible then that precostipg wastes for 4
weeks may be too long as elimination of pathogeag have occurred much earlier than the 4
week precomposting used. A follow up study reponte@hapter 3, showed that more than 95%
of fecal coliformsE. coliand ofE. coli 0157 were eliminated from the wastes within onekve
of precomposting leaving less than 1000 fecal ootifs per gram of compost thus making them
safe (USEPA, 1994). The reduction of pathogens aimydmanure-paper mixtures was in
agreement with Larnegt al (2003) , who reported 99.9% reduction (from106.86. to logo

3.38 cells g (dry wt) in E. coli 0157 numbers in the first 7 days of compostingydaianure.

118



These findings suggested that a precomposting gerioone week is ideal for the effective

vermicomposting of dairy manure-waste paper migure

While sanitization is vital in composts the cherhaad physical properties are equally essential.
The importance of humic substances in soil ecolégyility and structure and their beneficial
effects on plant growth make humification a keytdadn quality of composts (Inbast al.,
1990). Results from Chapter 2 revealed that onmpmusts from vermicomposted and from the
combined system, with an initial C: N ratio of 3@&d Gia: Cra ratio values that exceeded the
critical level of 1.9, which was proposed as a mgtundex for city-refuse and sewage sludge
compost by Iglesias-Jiminez & Perez-Garcia (199)plication of PR to the wastes after
precomposting for one week resulted in increasekarGyx, Cya with a corresponding decrease
in Cea and increases in HR and HI indices. This couldeh&een due to the possible
improvement in P nutrition of the wastes mixturgsich could have resulted in more microbial
activity and degradation in the PR amended mixt@gshigh microbial biomass carbon and
phosphorus were recorded in the vermicomposts glwenmicomposting of dairy manure-waste

paper mixtures amended with PR.

Nutrient content of composts is one of the impdr&spects of composts which influences their
adoption and use as nutrient sources for plants.stirdy in Chapter 2 revealed total N, P and
available N and P of composts to be greater inydaanure-waste paper mixtures of C: N ratio
of 30 than those of C: N ratio of 45. Total N andnBreased with composting due to loss of
carbon as carbon dioxide during biooxidation of amig wastes thus concentrating these
nutrients (Lazicanet al, 2008). Increases in total N may also have leento the addition of

nitrogenous excretory substances and enzymes festhweorms (Bhadauria & Ramakrishnan,
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1996). Nitrate—N concentration in vermicomposts vaggher than ammonium-N due to the

nitrification process which converts available anmmon to nitrate.

The nutrient content of dairy manure-waste papemi@mmposts produced was generally low
and particularly P. The study reported in Chapteshbwed that application of PR to
precomposted wastes resulted in higher total aadadle P and greatly improved the total and
available N contents of the resultant vermicomposinpared to vermicomposting alone.
Fractionation of P revealed that there was an as&én the inorganic P (Pi) fractions extractable
with Resin, NaHC@and NaOH while the organic P (Po) fractions ex#dale with bicarbonate
and sodium hydroxide declined. Increases in th&detions of vermicompost meant that there
was an increase in available P as a result the ioeahleffects of organic matter degradation and
dissolution of PR. The increased nutrient contémt®R amended vermicomposts could have
been a direct result of an improvement in P nomitivhich resulted in higher microbial activity
with the resultant PR dissolution and breakdowerginic matter. This suggested that P could
be critical in vermicomposting and that more woskneeded to establish critical P levels
necessary for the efficient vermicomposting of ylamanure-waste paper mixtures. These results
were supported by increased humification as a refuamendment with PR. Similar results
were reported by Biswas and Narayanasamy (2006)reyarted that PR enriched composts had
significantly higher content of total P (2.20%) quaned to straw composts (0.3%) where no PR
was added. The PR-compost also had higher citret saduble P (0.72% P) compared to straw

compost (0.1% P).

While precomposting of dairy manure-waste paper tumeés eliminated pathogens it
inadvertently affected the nutritional value of teapaper mixtures for earthworms and this

affected earthworm growth during vermicompostiri§arthworms in wastes precomposted for
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one week or not at all gained weight whilst thosgvastes precomposted for two or more weeks
lost weight. The earthworm biomass was relatedhto water soluble carbon content of the
wastes which declined with precomposting period wastes. Water soluble carbon is a
biologically active parameter consisting of sugdrsmicellulose, phenolic substances, amino
acids, peptides and other easily biodegradable oangs (Hsu & Lo, 1999) and is utilized by
earthworms and microorganisms to break down orgaagtes while they get acclimatized to the
recalcitrant materials. A positive relationship walsserved between WSC and earthworm
biomass as was shown by the multiple stepwise segme equation best fitting the data viz:
Individual earthworm Biomass = 2.78*WSC — 1.824*MB€= 0.958. These results are similar
to those reported by Neuhaustral (1988), who observed that the mean individualgivedf
Eisenia fetidadecreased from 500 mg to 100 mg in sewage sluslgerasult of precomposting

for 4 weeks.

Besides depletion of waster soluble carbon theeesmme chemical species present during
vermicomposting which have been reported to be fudrto earthworms. Nitrate is one such
chemical species harmful to earthworms when preaegertain concentrations. According to
Edwards (1988), nitrate content greater than 1§ &an result in rapid increases in mortality,
with 100% morality occurring between 3 and 4 g*k@recomposting of wastes usually results
in an increase in ammonium levels which will subhsedly be converted to nitrate as
temperature drops resulting in elevated nitratelle\Results from Chapter 3 showed that for all
the five precomposting period of 0, 1, 2, 3 andetks the amounts of nitrate-N recorded were
lower than the threshold level of 1gkgTherefore, nitrate levels played no significasierin

the observed decline of earthworm biomass with @rgaosting period. From a nutrition stand

point one week of precomposting is suitable foomieomposting of dairy manure-waste paper
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mixtures as this does not cause depletion of mifiéor earthworms and has already been

shown to be long enough for pathogen reductiorate kevels.

While it is important to get improved sanitizatidmymification and nutrient composition as a
results of the combined system with PR amendményisipal properties of the vermicomposts
are equally important. Application of PR to dairgmure-waste paper mixtures not only changed
the chemical properties of vermicomposts but alfeceed the physical properties of these
composts. The addition of PR increased bulk deresity particle density but reduced total
porosity, air filled porosity as well as water hiolgl capacity of vermicompost compared to
where no RP was added. This is because PR doesdewtde much throughout the
vermicomposting period and that mass added resutt®e observed increases bulk density and
particle density and decreases total porosityfilled porosity as well as water holding capacity
of vermicompost. Most of the physical propertiédhe resultant vermicomposts were within
the desired ranges for growing medium except fofilked porosity of vermicomposts with 8%
PR added which fell below the recommended rangebefween 10 and 20% is considered
suitable for growing media (Bunt, 1988). Aeratiom an important parameter in seedling
production as roots growing in poorly aerated medare weaker and less succulent and more
susceptible to micronutrient deficiencies and npathogens such @ythiumandPythophtora

than roots growing in well aerated medium (Ingrariénley, 1991).

Pine bark compost is a popular growing media intlscAfrica as it is ubiquitous and has
excellent physical properties though its water mgdcapacity is generally lower than the
recommended 55 — 75% (de Boodt & Verdonck, 197#)e Bark is also acidic and has low
nutrient contents (Mupondit al., 2006). Because of their high nutrient contents lsigh pH the

dairy manure-waste paper mixtures produced in @naptcan be used to amend pine bark
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compost growing medium. Results reported in Chaptehowed that amending pine bark with
various portions (0, 20, 40, 60 and 100%) of damgnure-waste paper vermicomposts improved
its water holding capacity, nutrient content and. PAthout fertiliser application, progressive
substitution of pine bark with dairy manure-wasé@gr vermicomposts resulted in an increase in
tomato plant growth and tissue nutrient contentdaughe 60% substitution compared to pine
bark alone. This could have been due to improvenmmenutrient content and pH with increased
proportions of vermicompost added to pine bark mw@diSimilar results on improvement of
plant growth and leaf nutrient content on amengiiggmanure vermicompost into Metro Mix 33
(a peat based growing medium) were reported byeAtgt al, (2001). Results from Chapter 5
also showed that fertilizer addition to all medised improved tomato seedling growth and
nutrient uptake with the best response being idthé& 60% vermicompost substitution of pine
bark composts probably because of the ideal camdireated after the substitution. There was
an improvement in available N and P contents a$ agein improvement in pH of the amended
pine bark compost growing media. The response rtdiser application suggested that all the
media used in this study had low nutrient contemtd could not supply sufficient available
nutrients to plants. In other similar studies theagest plant growth responses and largest yields
have usually occurred when vermicomposts constitbetween 25 to 50% of the total volume
of a greenhouse container medium mixture, with tgregroportions of vermicomposts
substituted into the plant growth medium not alwemgproving plant growth further (Atiyebt

al., 2000).
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6.2 GENERAL CONCLUSIONS.
1. Mixtures of dairy manure and waste paper withNCratio of 30 was more suitable for
composting as these produced more mature and laebmpost with higher ash, more and

total and extractable N and P contents than wagthsa C: N ratio of 45.

2. A precomposting period of one week was foundbeosuitable for a combined system for
stabilizing dairy manure-waste paper mixtures. &mgumosting of wastes for one week reduced
fecal coliforms below the USEPA minimum content of < 1000 colifsrger gram of compost
and was thus ideal for combine composting of damanure-waste paper mixtures.
Precomposting dairy manure-waste paper mixture®mer week resulted in the most humified

vermicompost with the highesyCCra, HI and HR indices.

4. Phosphate rock incorporation into dairy manueste paper mixtures resulted in increased
total P, N and available N and P. Higher humifigatindices; G: Cga, HI and HR were
recorded for the PR amended vermicomposts than ieemmposting alone. Thus, PR
incorporation enhanced the degradation of the wastaures in addition to the nutrient content

of the resultant vermicomposts.

5. Emergence of tomato seedling was not affectethégium type or fertiliser application rate
but the growth and nutrient uptake of tomato segdlimproved with progressive substitution of
pine bark with dairy manure vermicomposts to a mmaxn at 60% vermicompost substitution.
Fertiliser application improved tomato seedlingvgito as well as tissue nutrient content across

all growing media
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6. Amending pine bark with dairy manure vermiconipascreased the available N and P, pH
and water holding capacity of growing medium miggiwhilst the total porosity and air filled

porosity were reduced.

6.3 GENERAL RECOMMENDATION FOR FOLLOW -UP STUDIES
This study is the first of its kind in South Afrieead as such many questions remain unanswered.

The following are a few such areas which may néesh&on in the near future:

1) The mechanisms of PR solubilization need to bestigated. The organic acid content of
the vermicomposting wastes need to be determinedwels as the phosphate
solubilization microorganism numbers need to beitooed so that the mechanism of PR
solubilization can be established.

2) Phosphate rock application intensified degradadiodairy manure-waste paper mixtures
resulting in vermicomposts that were highly hundfeend had high total P and N as well
as available P and N. It could be that P is clificavermicomposting process and thus it
would be interesting to see how other sourcessidh as soluble P sources would affect
nutrient content and humification. The questiorhov much P is required to enhance
vermicomposting also needs to be addressed.

3) The use of PR as an ameliorant is a novel ide@imiomposting but the environmental
risks associated with use of the end product ad efécts of PR application on
earthworm populations are not fully understood aeed to be explored needs to be
explored.

4) There is need to study the water use efficiencyelbas the ability of vermicomposts to

replace conventional fertilizer input. Vermicommosiave a high water holding capacity
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5)

and as well are rich in easily available nutriesntsl it is possible their use reduce water
and conventional fertilizer usage.

There are different types of paper produced byebfiit institutions. It may be necessary
to see of this approach could be effective for otlgpes of waste paper. Paper used in
this study was newsprint but there are types oepaose composition is different from

newsprint and could give different results.
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