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1. Introduction

In most developed and developing countries with increasing population, prosperity and
urbanization, one of the major challenges for them is to collect, recycle, treat and dispose of
increasing quantities of solid waste and wastewater. It is now well known that waste
generation and management practices have increased several alarming issues on the socio-
economics, human health, aesthetics and amenity of many communities, states, and nations
around the world (Meyers et al., 2006; Louis, 2004). Industrialized economies extract vast
quantities of natural resources from the environment to provide modern amenities and
commodities. On the other hand, pollutants associated with the production and
consumption of commodities, as well as post-consuming commodities, go back into the
environment as residues (Moriguchi, 1999). Although varying in degree and intensity, the
solid waste problem around the world is exacerbated by limited space and dense
populations (Melosi, 1981). The problem of collecting, handling and disposing of wastes is
dealt with using different techniques and approaches in different regions. A waste
management hierarchy based on the most environmentally sound criteria favors waste
prevention/minimization, waste re-use, recycling, and composting. In many countries, a
large percentage of waste cannot presently be re-used,re-cycled or composted and the main
disposal methods are land filling and incineration. In addition, traditionally, managing
domestic, industrial and commercial waste consisted of collection followed by disposal,
usually away from urban activity, which could be waterways, Open ocean or surface areas
demarcated for the purpose viz. landfills. With the increased volume and variety of hazards
posed by new waste products, the situation has exceeded its saturation point at many
localities (McCarthy, 2007). In 2006 the USA land filled 54% of solid wastes, incinerated 14%,
and recovered, recycled or composted the remaining 32% (EPA, 2008). The percentage of
solid waste disposed at landfills accounted for 3% in Japan (2003), 18% in Germany (2004),
36% in France (2005), 54% in Italy (2005) and the USA (2005), and 64% in the UK (2005). As
legislation becomes more stringent and land filling becomes less cheap option. For example,
there has been a significant reduction in the amount of wasteland filled in the UK and Italy.
In 1995, Italy land filled 93% of solid waste, and the UK 83%. Recent studies have revealed
that waste disposal processes have considerable impacts on climate change due to the
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200 Waste Management

associated greenhouse gases (GHGs) emission (Elena, 2004; Sandulescu, 2004; USEPA, 2002).
Land filling processes are found to be the largest anthropogenic source of CH4 emission in
the United States. In 2004, there were 140.9 Tg of CO; equivalent of CHy (approximately 25%
of the United States” annual CH, emission) emitted from the landfills, which shared 2.65% of
the national global-warming damage. In addition, 19.4 and 0.5 Tg of CO, equivalent of CO;
and N,O were, respectively, released from the combustion processes (USEPA, 2006). These
evidences show that waste disposal systems are one of the most significant contributors to
potential climate change, as the associated-emission cannot be effectively mitigated under
current management conditions. Moreover, Incineration is also cannot be recommended as
an efficient method since it is also creating toxic gases and GHGs. In addition, wide range of
waste materials (sewage sludge, industrial waste) is increasingly spread on agricultural land
as soil amendments. These undoubtedly produce a number of positive effects on soil
quality, but also raise concern about potential short-term (e.g. pathogen survival) and long-
term effects (e.g. accumulation of heavy metals). Climate change will also become a major
incentive to the use of biosolids on agricultural land, especially in regions where longer
periods of low rainfall and mean higher temperatures are expected. In many parts of the
world (e.g. Europe, USA) agricultural soils receive large volumes of soil amendments.
Approximately 5.5 million dry tones of sewage sludge are used or disposed of annually in
the United States and approximately 60% of it is used for land application (NRC, 2000). The
application of biosolids to soil is likely to increase as a result of the diversion of waste away
from landfill sites, and due to increasing cost of artificial fertilizers (UNEP, 2002; Epstein,
2003). Simply application of waste as an amendment to agricultural lands made some
environmental problems such as air pollution due to tiny particles of coal fly ash (CFA).
Therefore, it is worthwhile to find out alternative methods for waste disposal.
Consequently, unconventional synthetic aggregates were produced from different waste
materials ( sewage sludge, paper waste, oil palm waste, sugarcane trash, starch waste, CFA,
wood chips, coir dust, cattle manure compost, chicken manure compost etc...) to utilize
them in agriculture as a soil amendment, fertilizer support, and potting media for
containerized plant cultivation (Jayasinghe & Tokashiki, 2006; Jayasinghe et al., 2005, 2008,
2009 a,b,c,d,e f,g). These synthetic aggregates proved that they can be utilized in agriculture
very effectively. Moreover, these kinds of unconventional synthetic aggregate production
have not much been reported in the literature. Therefore, this chapter describes the
production, characterization and different utilization methods of synthetic aggregates in
agriculture.

2. What is a Synthetic Aggregate (SA)?

Aggregate structure is schematically shown in Figure 1. It is composed with rigid or
composite materials, fibrous materials and a binder.

2.1 Rigid or composite materials

Sewage sludge, sugarcane trash, wood chip, CFA, compost, soil etc. can be regarded as rigid
materials. The rigid materials give the rigidity and the strength of the aggregate by
enmeshing into fibrous matrix. Figure 2 shows the scanning electron microscopic (SEM)
image of a coal fly ash paper waste aggregate, which is showing the rigid CFA particles are
enmeshed into the fibrous paper waste matrix by the binder.
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Rigid material (ex: oil palm waste)

Rigid material (ex: coal fly ash)

Fibrous material (ex: paper waste)

Binder

Fig. 2. Scanning electron micrograph of a coal fly ash-paper waste synthetic aggregate.

2.2 Fibrous materials

The formation of aggregate requires a matrix to adhere the rigid particles. Then this matrix
can form the aggregate structure by binding the rigid particles into the matrix by the binder.
Paper waste, coco fiber, wheat and rice straw and oil palm fiber can be used as the fibrous
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materials. Figure 2 shows the porous paper waste matrix, which provides the binding sites
to the CFA particles. Porous spaces can be observed within the aggregate, which can
improve the aeration and the water holding capacity of the aggregates as a growth substrate
(Jayasinghe et al., 2007). Fibrous materials in the aggregates also assist to increase the micro
pores in the aggregate-soil amendment mixtures during the humification of aggregates by
microbes after mixing them into the soil as an amendment.

2.3 Binder

The formation of aggregate requires both physical rearrangement of particles and the
stabilization of the new arrangement. Therefore effective binder should be added in order to
obtain stable aggregates. Several binding mechanisms exist between organic polymers and
mineral surfaces to provide stable aggregates. Organic polymers have been used quite
effectively to stabilize soil structure in recent years. Many researchers have shown that the
application of polyacrylamide maintained high infiltration rate during rainfall and reduced
soil surface sealing and runoff soil losses (Ben-Hur & Keren, 1997; Sojka et al., 1998; Green et
al., 2000). Polysaccharides added to soil as soil conditioners improve soil's physical
properties that are important for plant growth and increase soil's resistance against
disruptive forces and erosion. Organic polymers have been used quite effectively to stabilize
soil structure in recent years. Polysaccharides stabilize soil aggregates because of their
contribution as cements and glues. (Taskin etal., 2002).There is a considerable amount of
starch which is a polysaccharide coming out as waste material from Okinawa flour industry
(Okinawa, Seifun Itd). Utilization of the starch waste is currently under the potential
capacity. Therefore, the starch waste was utilized as an organic binder for the synthetic
aggregate production. In addition, several inorganic binders can be used to produce
synthetic aggregates. Acryl resin emulsion binder EMN-coat /21 and Calcium hydroxide
with calcium sulfate can also be used as the binder to produce aggregates.

2.4 Production of synthetic aggregates

Production process of aggregates is given in Figure3. EIRICH mixer, Ploughshare mixer or
Pelleger machine can be wused for the production of heterogeneous aggregates.
Heterogeneous aggregates means the aggregates containing different particle sizes. Pelleter
machine can be utilized to produce homogenous (same size) aggregates. EIRICH mixer was
used for small scale aggregate production and pelleger machine and pelleter was used in
major scale aggregates production. Different proportions of raw materials were mixed in the
pelleger or EIRICH mixer for 1-3 minutes. Then binder was added and mixed for another 1-
2 minutes. Finally whole mixture was mixed for another 2-5 minutes in high speed rotation
to form aggregates. Raw materials with binder mixture were inserted to the pelleter
machine for the production of homogenous aggregates. Moreover, diameter and the length
of the aggregates can be adjusted according to the requirement.

2.5 Different types of aggregates with various types of wastes.
Different types of aggregates can be developed with the available waste in the site or area.
Some of the developed aggregates from different wastes are described below (Figure 4).
Basically aggregates can be divided into two types.
1. Heterogeneous aggregates
These aggregates contain different sized aggregates. Following are some of the
heterogeneous aggregates developed from various materials.
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Coal fly ash based aggregates

These aggregates were developed from CFA, paper waste or oil palm waste with
organic or inorganic binders (Figure 4a).

Soil aggregates

These were developed from low productive acidic red soil with paper waste, coco
fiber, or oil palm waste (Figure 4b) with organic or inorganic binders.

Acid soil-coal fly ash aggregates

These were developed by acid soil and the coal fly ash with paper waste, sewage
sludge (SS), CFA with organic or inorganic binder. (Figure 4 c)

Sewage sludge based aggregates

These aggregates were developed from sewage sludge and zeolite with an
inorganic binder. (Figure 4d)

Compost based aggregates

These were produced from different types of composts and soil with organic or
inorganic binders (Figure 4e)

2. Homogenous aggregates
These aggregates have same sized aggregates and pelleter machine was used for the
production of these aggregates.
These aggregates are called as synthetic pellet aggregates. Coal fly ash (CFA), soil,
compost, paper waste, coco fiber, oil palm waste, sewage sludge and organic or
inorganic binders can be utilized as raw materials for these types of aggregates. (Figure 4f)
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Fig. 4. Different types of aggregates produced from different materials.

(a) coal fly ash paper waste aggregates, (b) soil aggregates,

(c) acid soil coal fly ash aggregates, (d) sewage sludge based aggregates,

(e) compost based aggregates, (f) pellet aggregates (homogeneous aggregates)

3. Physical and chemical properties of synthetic aggregates

3.1 Physical properties

Particle size distributions of synthetic aggregates developed by different materials are given
in the Table 1. Particle size distribution of a substrate is important because it determines
pore space, air and water holding capacities (Raviv et al., 1986). Mean distribution of the
aggregate media showed that fraction between 5.60 and 2.00 mm was the most abundant
fraction in all types of synthetic aggregates (Table 1). An excess of fines in a substrate clogs
pores, increases non-plant-available water holding capacity and decreases air filled porosity
(Spiers & Fietje, 2000). Therefore, these synthetic aggregates which are having higher
percentage of larger- sized particles can be utilized to enhance the properties of problematic
soils having higher finer particles to improve its porosity and hydraulic conductivity.
Synthetic aggregates developed from low productive acid soil and paper waste addition to
the problematic grey soil in Okinawa, Japan significantly enhanced the particles >2.00 mm
and hence the hydraulic conductivity and porosity were significantly increased (Jayasinghe
et al., 2009d). All of synthetic aggregates shown in the Table 1 are heterogeneous which are
having different sized aggregates. Synthetic pellet aggregates can be developed with single
particle sized diameter which are called as homogenous aggregates. These pellet aggregates
can be produced with the required diameter as a tailor made production. In addition,
aggregate diameter of heterogeneous aggregates depends upon the material type and
quantity, binder type and quantity and the mixing time. Therefore, suitable particle sizes of
heterogeneous synthetic aggregates can be designed according to the requirement. Synthetic
aggregates particle sizes are varying with the required situation. For an example particle
sizes for a potting medium are different from particle sizes required as a soil ameliorant. As
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a potting medium relatively higher percentage of smaller sized-diameter particles should be
utilized to improve the potting media characteristics.

Aggregate >5.60 5.60-3.35 3.35-2.00 2.00-1.00 1.00-0.50 >0.50
type mm mm mm mm mm mm

A 25.61 30.19 28.32 8.54 5.20 2.14

B 10.77 19.85 36.98 13.15 7.91 11.34

C 23.86 28.14 25.74 9.44 8.09 4.73

D 6.34 16.92 16.98 19.44 21.23 19.09

E 26.20 30.28 27.54 8.73 5.02 2.23

F 7.10 15.21 18.77 1591 22.87 20.14

A: coal fly ash paper waste aggregates with starch binder (Jayasinghe et al., 2009b),
B: acid soil aggregates with starch binder (Jayasinghe et al., 2008),

C: acid soil coal fly ash aggregates with starch binder, (Jayasinghe et al., 2008),

D: acid soil compost aggregates with inorganic binder,

E: coal fly ash aggregates with inorganic binder (Jayasinghe et al., 2009a),

F: sewage sludge aggregates with inorganic binder.

Table 1. Particle size distribution of synthetic aggregates.

Bulk density, particle density, hydraulic conductivity, water holding capacity and aggregate
strength of the synthetic aggregates are given in the Table2. Bulk density of a substrate gives
a good indication of porosity, which determines the rate at which air and oxygen can move
through the substrate. Bulk density values of all substrate given in the table showed low
values compared to red soil (1.26 gcm™) in Okinawa Japan. These low values are due to the
coal fly ash, paper waste, and sewage sludge in the developed synthetic aggregates. It is also
evident that there were significant differences between bulk density values of aggregates
produced with different coal fly ash additions to red soil (Jayasinghe et al., 2005). The
particle density of the synthetic aggregates was also low compared to the red soil. Red soil
gave a particle density of 2.61 gem™. Hydraulic conductivity of a substrate is a measure of
the ability of air and water to move through it. Hydraulic conductivity is influenced by the
size, shape and continuity of the pore spaces, which in turn depend on the bulk density,
structure and the texture. Hydraulic conductivity of the aggregates showed higher values
compared to the red soil and grey soil studied in Okinawa, Japan. The red soil and grey soils
showed hydraulic conductivity values of 6.62 x10” and 6.67 x10°, respectively. The water
holding capacity of the synthetic aggregates given in the table varied between 0.59 and 0.68
kgkg?, which are increased values compared to the red soil (0.48 kgkg™) in Okinawa Japan
(Jayasinghe et al., 2009¢). Aggregate strength of the produced aggregates varied between
2.58-4.01 kgem™. Synthetic aggregates developed by using coal fly ash, paper waste, and
starch waste gave an average aggregate strength in the range of 2.05-3.58 kgcm, which can
be considered as higher aggregate strengths (Jayasinghe et al., 2005, 2006, 2008). Higher
aggregate strengths indicate resistance of the aggregate to the erosion. Therefore, these
synthetic aggregates can withstand to erosion compared to soil particles.

3.2 Chemical properties
Chemical properties of the different types of synthetic aggregates are given in the Table 3. It
is evident that pH of aggregates were varied in a wide range from 4.57 to 10.72. A, C, E and
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G aggregates having higher pH values were produced by using CFA as a material in the
aggregates. The original pH of the CFA used to produce synthetic aggregates was varied in
the range of 11.36-11.80. Therefore, CFA aggregates gave alkaline pH values. The hydroxide
and carbonate salts in CFA gave one of its principle beneficial chemical characteristics, the
ability to neutralize acidity in soils (Pathan et al., 2003). Therefore, these alkaline synthetic
aggregates can be used as a buffer material to neutralize the acidic problematic soils.
Jayasinghe et al., (2006) reported that 25% of synthetic CFA based aggregates addition
increased the acidic pH (4.62) of red soil into 6.25.Type B aggregates were developed from
acidic red soil with paper wastes showed acidic pH of 4.57 due to acidic soil. Type D
aggregates were produced from acidic red soil with cattle manure compost which
neutralized the acidic pH of the red soil and gave a pH of 6.40. Type F aggregates gave a pH
of 7.58 due to the alkaline sewage sludge (pH=7.72) in the aggregates. It is evident that the
pH of the aggregates depends on the materials which were used to form the aggregates.
Aggregates showed high electrical conductivity (EC) except type B due to high essential and
non essential elements in the aggregates. Type B aggregates produced from red soil and
paper waste, which did not contain much element concentrations, gave the lowest EC. But
coal fly ash had high concentrations of different elements, which subsequently raised the EC
of the CFA based aggregates. The EC and metal content of soil increases with increasing
amount of CFA application (Sikka & Kansal, 1994). Aggregates developed from sewage
sludge (SS) also showed high EC due to the presence of high concentrations of elements in
the sewage sludge (SS). Gil et al., (2008) reported that SS was characterized by higher EC.
The High EC in SS may be due to presence of high concentrations of different types of
elements.

Aggregate  Bulk density Particle Hydraulic =~ Water holding Aggregate

type (gem™) density (gem?®) Coifricst_?)my (Eli}g)i:tl})l ?E;Cnritzl;
A 0.56 2.48 2.80x102 0.62 3.91
B 0.87 2.44 1.87x1072 0.63 2.58
C 0.80 2.20 3.74x10 0.68 3.06
D 0.64 2.48 2.80x102 0.67 3.76
E 0.64 2.31 1.87x102 0.59 3.88
F 0.54 2.08 2.24x102 0.61 4.01
G 0.52 2.20 2.80x1072 0.60 3.92

A: coal fly ash paper waste aggregates with starch binder,
B: acid soil aggregates with starch binder,

C: acid soil coal fly ash aggregates with starch binder,

D: acid soil compost aggregates with inorganic binder,

E: coal fly ash aggregates with inorganic binder,

F: sewage sludge aggregates with inorganic binder,

G: synthetic pellet aggregates (diameter is 10 mm).

Table 2. bulk density, particle density, hydraulic conductivity, water holding capacity and
aggregates strength of the synthetic aggregates.
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A B C D E F G
pH 9.82 4.57 9.71 6.40 10.72 7.58 9.28
EC(mSm-) 96.16 6.36 57.50 48.76 90.40 156.26 80.76
C (gkg?) 120.82 85.40 66.21 101.12 55.22 291.80 113.61
N (g kg?) 0.71 0.40 0.40 1.06 0.42 29.10 0.62
P (gkg?) 0.11 0.08 0.05 0.46 0.06 14.65 0.20
Na (g kg?) 0.87 0.24 0.44 0.71 0.78 0.54 0.88
K (g kg™ 1.51 0.18 0.76 2.34 1.56 0.62 1.61
Mg (g kg?) 0.72 0.38 0.47 0.87 0.73 412 0.91
Ca (g kgt 3.34 1.10 2.31 2.12 37.25 65.64 3.18
B (mg kg™) 16.86 0.12 10.33 0.42 19.34 0.51 12.17
Mn (mg kg')  15.82 20.28 18.73 24.14 19.20 109.66 14.88
Cu (mg kg™) 18.47 13.21 16.22 22.66 18.50 188.02 19.12
Zn (mg kg1 34.63 21.35 28.93 32.12 34.60 485.07 31.98
Cr (mg kg™ 7.62 1.21 5.45 0.98 7.60 34.42 7.02
Cd (mg kg™) ND ND ND ND ND 0.40 ND
Se (mg kg™) ND ND ND ND ND ND ND
Pb (mg kg1) 7.56 3.01 5.88 3.66 7.60 26.33 8.02
As (mg kg™) ND ND ND ND ND ND ND

A: coal fly ash paper waste aggregates with starch binder,
B: acid soil aggregates with starch binder,

C: acid soil coal fly ash aggregates with starch binder,

D: acid soil compost aggregates with inorganic binder,

E: coal fly ash aggregates with inorganic binder,

F: sewage sludge aggregates with inorganic binder,

G: synthetic pellet aggregates (diameter is 10 mm).

EC: electrical conductivity, ND: not detected.

Table 3. Chemical properties of synthetic aggregates.

Carbon (C) content of aggregates also varied in a greater range and depends on the material
type in the aggregate. The N content of the aggregate types of A, B, C, E and G showed low
N amount. But D and F gave high N content. Aggregate D contains cattle manure compost
while F contains sewage sludge. Moreover, aggregates enriched with N, P and K can be
developed by adding respective N, PP and K chemical fertilizer as a material to produce
aggregates. All of the aggregates gave low phosphorous (P) content except the type E since
it is composed with high P containing SS. Aggregates having CFA, compost and SS (A, C, D,
E and F) gave high concentrations of Na, K, Mg and Ca in the aggregates. Chemically, 90-
99% of CFA is comprised of silicon (Si), aluminum (Al), Ca, Mg, Na and K (Adriano et al.,
1980). Aggregates developed from coal fly ash gave high boron (B) content compared to
other aggregates. This is due to high B content of the CFA. CFA contains significant levels of
B (Lee et al., 2008).

Heavy metal concentrations of the different aggregates are given in Table 3. Selenium (Se)
and Arsenic (As) were not detected in any aggregates, and Cadmium (Cd) was detected
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only in F. The copper (Cu), chromium (Cr), manganese (Mn), zinc (Zn) and lead (Pb)
concentrations were generally well below the maximum pollutant concentrations of
individual metals for land application suggested by the US Environmental Protection
Agency (USEPA, 1993). The maximum pollutant concentrations of individual heavy metal
content for land application of sewage sludge given by the US Environmental Protection
Agency are (all in mg/kg); As 41, Cr 1200, Cu 1500, Zn 2800, Pb 300, Cd 39 and Se 36,
respectively (USEPA, 1993). Furthermore, average concentrations of heavy metals reported
in uncontaminated soils are (all in mgkg‘l); 6 As, 70 Cr, 30 Cu, 90 Zn, 35 Pb and 0.35 Cd,
respectively (Adriano, 2001). Though the concentrations of heavy metals were below the
uncontaminated soil values and not alarming, there should be routine inspections to ensure
that heavy metal concentrations remain within safe limits.

4. Aggregate utilization

4.1 Synthetic aggregates as a soil ameliorant to problematic soils
4.1.1 Synthetic aggregates as a soil ameliorant to low productive acidic red soil.

4.1.1.1 Coal fly ash paper waste starch binder aggregates

Widely spread red soil (“Kunigami Mahji”) in sub-tropical Okinawa, Japan, is not suitable
for crop production due to its poor physical (Tokashiki et al.,, 1994) and chemical properties,
such as its acidic nature, low organic matter content, and poor nutrient availability
(Kobayashi & Shinagawa, 1966; Hamazaki, 1979).Therefore, CFA paper waste aggregates
developed with CFA, paper waste and starch binder were used as a soil ameliorant to
improve the low productive acidic soil. Aggregates were produced by combining CFA and
paper waste using an Eirich mixer (R-02M/C27121) with starch binder.500 g of coal fly ash
and 50 g of paper waste were mixed in the Eirich mixer by adding 250 ml of starch binder to
produce aggregates. Developed aggregates were used as a soil ameliorant to low productive
acidic soil with the objective of enhancing the soil physical and chemical properties to
improve the growth and development of Komatsuna (Brasica rapa) which is a popular
vegetable in Japan. The different amendment rates of the experiment are given in Table 4.

Treatments Description
T1 Aggregates only
T2 75 % of aggregates
T3 50% of aggregates
T4 25% of aggregates
T5 10% of aggregates
T6 Acidic red soil only.

Table 4. Different treatments were used under the study.
4.1.1.1.1 Influence of aggregate addition to red soil on the growth and development of Komatsuna

Aggregate addition of 25% with acidic red soil (“Kunigami Mahji”) as a soil amendment,
favorably improved Komatsuna yield by giving the highest significant increase in plant
height, fresh and oven dry yield over other treatments (Table 5). Treatments of 10% of
aggregate addition gave the second highest average values of yield. Aggregates only (T1)
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and acid soils only (T6) showed the lowest mean values of height and yield (Table 5).
Therefore, aggregate addition to the soil as a soil amendment improves the crop production
in comparison with acidic red soil. Aggregate addition percentages of 50% and 75% did not
show any significant difference between them, but, significantly differed from the
treatments of 25% of aggregate addition and acidic red soil only. Aggregate addition
modified the acidic pH conditions to nearly neutral conditions at the 10% and 25%
percentages. Therefore, synthetic aggregates, which were produced from coal fly ash, buffer
the acidic red soils, while forming conducive crop growth environment by binding soil
particles with coal fly ash aggregates, which improves the crop growth and soil physico -
chemical properties.

Treatments Dry weight (gpot™) Fresh weight (gpot™) Height (cm)
T1 0.254 1.50¢ 5.024
T2 2.33¢ 12.504 14.13¢
T3 2.92¢ 17.00¢ 16.16¢
T4 8.102 48.002 24.212
T5 7.13P 45.00° 21.08°
T6 0.304 2.00¢ 6.11¢

(Means followed by the different superscript letter in the same column differed significantly
according to Duncan’s multiple range test (P=0.05).

Table 5. Influence of aggregates as a soil ameliorant on crop growth and yield of
Komatsuna.

4.1.1.1.2 Effect of aggregate addition on soil characteristics

Aggregate addition to acidic red soil significantly improves the water holding capacities
(Table 6) of the soil. Addition of 25% of aggregates increased the water holding capacity by
6%. Moreover, aggregates addition significantly improved the hydraulic conductivity (Table
6) of the soil. Addition of 25% of aggregates increased the hydraulic conductivity of the
aggregate soil mixture by 10 times. Moreover, aggregate addition up to 25% significantly
reduced the bulk density (Table 6) of the red soil from 1.23 gem™® to 1.05 gem™?,which
improves the soil porosity. Addition of aggregates, improves the soil porosity, water
holding capacity and soil hydraulic conductivity. Acidic red soil has originally a very low
permeability and it leads to heavy erosion due to run off (Hamazaki, 1979). Addition of
these stable aggregates can be suggested as an alternative method to minimize the erosion in
acidic red soil. Because high Ca content in these aggregates came from CFA can enhance the
aggregation of soil particles together (Jayasinghe & Tokashiki, 2006). Aggregate addition
neutralized the acidic soil pH. Aggregate addition percentage of 25% level changed the
original pH value of the soil from 4.62 to 6.25, which was nearly a neutral value.
Furthermore, electrical conductivity (EC) of soil mixture increases with the addition of
aggregates (Table 6). C/N ratios of the soil-aggregate mix also show a significant variance.
Application of these aggregates helps to build up C content in the soil as well (Table 6).
Aggregate addition of 25 % increased organic carbon from 1.62 to 28.80 gkg™. Therefore,
innovative coal fly ash aggregates addition as a soil amendment improves soil physical and
chemical properties of problematic low productive acidic red soil, which automatically
improves crop production in the soil.
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Characteristics T1 T2 T3 T4 T5 Té6
EC (mSm™) 73.67° 55.24b 39.64¢ 18.574 10.06¢ 3.27
pH 9.262 8.37° 7.86¢ 6.254 5.78¢ 4.62f
WHC 0.612 0.59b 0.57° 0.54¢ 0.53¢d 0.514

SHC (cms™) 2.20x 1022 6.22x103 224 x 103> 294 x10%c 273 x 10*¢ 6.62 x 104

C (gkg?) 110.252 83.18b 55.97¢ 28.80d 12.56¢ 1.62f
N (gkg™) 0.602 0.52a 0.542 0.462 0.482 0.472

C/N ratio 20072 162 116¢ 654 31¢ 4f
BD (gcm?®) 0.61¢ 0.874 0.98¢ 1.05b¢ 1.12P 1.232

EC: electrical conductivity,

WHC: water holding capacity,

SHC: saturated hydraulic conductivity,

BD: bulk density. (Means followed by the different superscript letter in the same row
differed significantly according to Duncan’s multiple range test (P=0.05).

Table 6. Physico-chemical characteristics of soil - aggregate amendments
4.1.1.2 Coal fly ash paper waste inorganic binder aggregates (CSA)

CSA (see type E from the Table 1, 2 and 3) were produced by combining coal fly ash and
paper waste using an Eirich mixer (R-02M/C27121) with calcium hydroxide and calcium
sulfate. 1000 g of coal fly ash and 75 g of paper waste were mixed in the Eirich mixer with 50
g of calcium hydroxide and 50 g of calcium sulfate by adding 350 ml of water to produce
CSA. Particle size distribution, physical and chemical properties of CSA were given in Table
1, 2 and 3.

4.1.1.2.1 Scanning Electron Microscopy (SEM)

SEM images of Figure 5-A and B represent detailed micro-morphology of CFA particles.
SEM images of CFA particles showed crystalline and amorphous silicate glasses (“stable
glasses”) of various sizes (Figure 5-A-a) according to 4 typical phases of CFA described by
Klose et al ., (2003). CFA consists of many glass-like particles, which are mostly spherical
shaped and ranged in particle size from 0.01 to 100pm (Davison et al., 1974). Physically, CFA
occurs as very finer particles having an average diameter of <10pm and has low to medium
bulk density, high surface area and light texture (Jala & Goyal, 2006). CFA particles are
hollow empty spheres called as cenospheres (Figure5-B-c) filled with smaller amorphous
particles and crystals (Plerosphers). These tiny CFA particles are easily airborne (Hodgson &
Holliday, 1966). Therefore, initial idea of CSA production was to bind tiny airborne CFA
particles into fibrous paper waste matrix by starch waste. Figure 5-C and 5-D show the
micro-morphological configuration of CSA, where paper waste matrix provides the
structural surface to adhere CFA particles. Figure 5-C shows aggregation of CFA particles to
paper waste matrix with the assistance of starch. Paper waste matrix increased the surface
area of CSA (Figure 5-D). SEM images of SA revealed that SA is a dual composite material
having greater surface area with well enmeshed CFA particles in paper waste matrix with
the help of starch waste providing porous spaces within the CSA. In a previous study it was
reported that CFA showed an increased surface area, capillary action, and nutrient-holding
capacity when incorporated to soil (Fisher et al., 1976). Therefore, CSA can be regarded as a
material having a higher surface area, which can be utilized to improve the nutrient holding
capacity, when incorporated to the soil as a soil amendment.
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Fig. 5. (A and B) Scanning electron micrographs of CFA particles, showing the micro
morphology and varies sizes of coal fly ash particles. (a) stable glasses of various sizes (b
and c) cenospheres: (C and D) part of a macro-aggregate (CSA) is produced by CFA and
paper waste (d: coal fly ash, e: paper waste).

4.1.1.2.2 Coal fly ash paper waste aggregates as a soil ameliorant to red soil for Komatsuna production

The different aggregate amendment ratios used in the experiment are given in Table 7.
Komatsuna (Brassica rapa var. Pervidis), also known as Japanese mustard spinach, was
grown in a pot experiment to study the influence of CSA amendment in acidic red soil on
crop production.

Treatments Description
T1 Red soil only
T2 CSA :Red soil (1:1) (V/V)
T3 CSA: Red soil (1:5) (V/V)
T4 CSA :Red soil (1:10) (V/V)

CSA: Coal fly ash based synthetic aggregates
Table 7. Different treatments were used under the study.
4.1.1.2.2.1 Effects of CSA amendment on soil physical and chemical properties of the soil

4.1.1.2.2.1.1 Physical properties
CSA addition significantly (P < 0.05) decreased the soil bulk density by about 30, 14 and 11%

in T2, T3 and T4, respectively. Since, CSA reduced the soil bulk density; it can enhance the
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porosity and permeability. CSA addition enhanced the hydraulic conductivity of the soil,
which may have improved the red soil. Hydraulic conductivity values of treatments T2, T3
and T4 were significantly higher (P < 0.05) than that of original red soil (T1) which had a
very low hydraulic conductivity of 6.62 x 10~ cm s! (Table 8). The addition of CSA
increased hydraulic conductivity of T3 and T4 by ten times and T2 by 100 times. CSA
addition to red soil also reduced particle density compared with the original soil. Particle
densities of the T2, T3 and T4 were reduced by 7.10, 528 and 2.26%, respectively in
comparison with original soil (T1). Water holding capacity of the T2 (0.59 kgkg!) was
increased by 23% compared to the T1 due to incorporation of CSA. This fraction in T3 and
T4 were 12.5 and 10%, respectively.

Bulk Saturated hydraulic Particle Water holding
Treatments density conductivity density capacity
(gem?) (cms™) (gem?) (kgkg)
T1 1.262 6.62x107°¢ 2.65% 0.48¢
T2 0.894 5.52x103% 2464 0.592
T3 1.08¢ 2.81x100 2.51¢ 0.54°
T4 1.12° 2.72x104b 2.59° 0.53°

(Means followed by the different superscript letter in the same column differed significantly
according to Duncan’s multiple range test (P=0.05).

Table 8. Physical properties of different treatments used under the study.

The particle size distribution of the different growth media used in the study are shown in
Table 9. It showed that red soil had a larger amount of particles < 2 mm. CSA contains
84.02% of particles > 2 mm, while this fraction in red soil (T1) was 44.30%. More over, coal
fly ash particles ranging from 0.01 to 100 pm (Page et al. 1979), which can easily become air
borne. Production of CSA from CFA significantly increased the particle size diameters
(Table 9). CSA production reduced the finer fraction and increased the larger particles,
which would reduce handling difficulties. Incorporation of CSA into red soil significantly (P
< 0.05) increased the fraction > 2 mm by 65.34, 53.34, and 46.36%, in T2, T3 and T4,
respectively. Moreover, red soil had a high percentage (29.14 %) of particles < 0.5 mm, while
this fraction in CSA, T2, T3 and T4 were 2.23, 10.18, 15.86 and 18.32 %, respectively. CSA as a

>5.60mm 5.60-3.35 3.35-2.00 2.00-1.00 1.00-0.50 <0.50

Treatments (Weight %) mm mm mm mm mm
CSA 26.202 30.282 27.542 8.734 5.02¢ 2.23¢

T1 6.61° 18.934 18.76¢ 14.86° 11.704 29.142

T2 19.18P 25.87° 20.29° 11.88¢ 12.60¢ 10.184

T3 14.12¢ 20.56¢ 18.66¢ 14.84P 15.96° 15.86¢

T4 9.244 18.524 18.60° 17.922 17.402 18.32°

CSA: coal fly ash based aggregates, (Means followed by the different superscript letter in the
same column differed significantly according to Duncan’s multiple range test (P=0.05).

Table 9. Particle size analyses of the CSA, red soil, and CSA-soil amendment mixtures.
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soil amendment considerably increased percentage of particles > 2 mm and decreased
particles < 0.5 mm. In addition, CSA addition gave a uniform distribution of particles across
each particle size class.

4.1.1.2.2.1.2 Chemical properties

The chemical properties of the different treatments are shown in Table 10. The pH values of
red soil, coal fly ash and CSA were 5.12, 10.87 and 10.72, respectively. Addition of alkaline
CSA to the acidic red soil significantly (P < 0.05) decreased the pH, such that T3 and T4 were
almost neutral. CSA improved the acidic pH of the red soil to values suitable for plant growth.
The EC of the CSA produced was 90.40 mS m™ compared with 4.18 mS m™ in the original red
soil. CSA addition to the red soil increased the soil EC; the EC values in T2, T3 and T4 were
60.28, 20.13 and 14.48 mS m™}, respectively. CSA addition to soil significantly increased the Na,
K, Mg and Ca concentrations compared to original soil (Table 10). Therefore, CSA addition as
a soil amendment not only improves soil physical and chemical properties but also it can
improve the soil fertility by supplying nutrients such as Ca, Mg and K. The CEC values of T2,
T3 and T4 were significantly (P < 0.05) higher than the original red soil, which had CEC of 4.30
Cmolckg™ (Table 10). The CEC increments in T2, T3 and T4 were 1.86, 1.76 and 1.62 cmol. kg™,
respectively compared to T1. It is evident that CSA addition to the red soil increased the CEC
in comparison with the original soil. C content of all treatments with CSA additions increased
compared with the original soil (Table 10), due to incorporation of paper waste with a C
content of 374.8 g kg™'. The N and P contents of the different treatments were low (0.30-0.50
and 0.03-0.05 g kg™) and not significantly different between treatments.

EC C N P CEC Na K Mg Ca
(mSm™) (gkg”) (gkg”) (gkg”) (Cmolkg™) (gkg™) (gkg™) (gkg™) (gkg™)
T1  512¢ 4184 1.73¢ 0400 003 430> 006! 0.05¢ 0.02¢ 0.07¢
T2 859 60.28° 1855° 0500 004  616°  043* 0722 039 11.36°
T3 713 2013 7.80° 040° 005  6.06° 024> 047> 026 3.45°
T4  637° 1448 412¢ 030° 003 5920 019 029 016 1.78

Treatments pH

(Means followed by the different superscript letter in the same column differed significantly
according to Duncan’s multiple range test (P=0.05). (n=3). (EC: electrical conductivity, CEC:
cation exchange capacity).

Table 10. Chemical properties of different treatments used under the study

Heavy metal concentrations of the different amendment mixtures are given in Table 11. The
Cu, Cr, Mn, Zn and Pb concentrations were higher in the amendment mixtures compared
with original red soil. Se and Cd were not detected in any treatments, and As was detected
only in T2. Heavy metal concentrations of the amendment mixtures were generally well
below the maximum pollutant concentration of individual metals for land application
suggested by the US Environmental Protection Agency (USEPA, 1993). The average
concentrations of heavy metals reported in uncontaminated soils are (all in mg kg™): As 6,
Cr 70, Cu 30, Zn 90, Pb 35, Mn 1000, and Cd 0.35, respectively (Adriano, 2001). The heavy
metal concentrations in all amendment mixtures in this experiment were generally below
the heavy metal concentrations reported in uncontaminated soils. Kim et al. (1994) reported
that heavy metals did not accumulate in a paddy soil following CFA addition at

120 Mg ha™!. Though the concentrations of heavy metals were below uncontaminated soil
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values and not alarming, there should be routine inspections to ensure that heavy metal
concentrations remain within safe limits.

Treatments Cu Cr /n Pb Cd Se As Mn
(mgkg') (mgkg™) (mgkg') (mgkg') (mgkg™) (mgkg™) (mgkg™) (mgkg™)
T1 11.7v 58 298  56b ND ND ND 20.72
T2 19.77a 712 4423 94a ND ND 0.1 21.12
T3 18542  67° 406 8.3 ND ND ND 20.8
T4 13.65> 59 351>  67b ND ND ND 20.3
USEPA 1500 1200 2800 300 39 36 41 :
Y* 30 70 90 35 0.35 0.4 6 1000

(Means followed by the different superscript letter in the same column differed significantly
according to Duncan’s multiple range test (P=0.05). (n=3).USEPA =US Environmental
Protection Agency standards (1993). Y*: uncontaminated soil (* Adriano, 2001), ND; not
detected

Table 11. Heavy metal concentrations of different amendment mixtures.
4.1.1.2.2.2 Influence of CSA as a soil amendment in red soil for Komatsuna cultivation

The growth parameters and the nutrient contents in Komatsuna grown in red soil with
different ratios of CSA additions are shown in Table 12. CSA as a soil amendment
significantly increased growth and yield parameters of Komatsuna (Brassica rapa) compared
with the red soil control (T1). The CSA: soil of 1:5 (T3) and 1:10 (T4) increased plant height
and fresh weight yield of Komatsuna about three and 12 times, respectively. The CSA: soil
of 1:1 (T2) increased plant height and fresh weight yield by approximately two times and
four times, respectively. These yield increases were due to the enhanced physical and
chemical properties of the soil from CSA amendment. The CSA addition also enhanced
water holding capacity, hydraulic conductivity, CEC and pH compared to original soil,
which created a conducive environment to attain higher crop growth and yield parameters.
The CSA: soil of 1:5 (T3) and 1:10 (T4) increased soil pH from acidic 5.12, to 7.13 and 6.37,
respectively (Table 10). The CECs of T3 and T4 were 40 and 37% higher than the original soil
due to CSA incorporation. In a previous study it was reported that, mixed application of
CFA and paper factory sludge caused appreciable change in soil physical and chemical
properties, increased pH and increased rice (Oryza sativa) crop yield (Molliner & Street,
1982). In addition, a mixture of CFA with organic matter is expected to further enhance
biological activity in soil (Jala & Goyal, 2006), reduce leaching of major nutrients and
beneficial for vegetation (Tripathi et al., 2004).

The nutrient content of plants grown in different substrates is given in Table 12. The N
content in shoot tissues from the CSA-amended mixtures was higher than that of the red soil
(Table 12). CFA in CSA generally increases plant growth and nutrient uptake (Aitken et al.,
1984), and has been shown to supply essential nutrients to crops on nutrient deficient soils
and to correct deficiencies of Mg, Ca, K, molybdenum, sulfur and Zn (El-Mogazi et al,,
1988). The decreased P content in shoot tissues obtained from red soil is probably due to
reduced P availability at a higher soil pH and higher Ca content following CFA amendment
(Wong & Wong, 1990). The CSA: soil of 1:1 gave an alkaline pH of 8.59, which did not
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Plant Fresh  Dry

height weight weight N (%) P (%) K (%) Mg (%) Ca (%)
(em)  (gpot™) (gpot™)

Tl  725°  3.84° 029 146° 056° 29° 065 05° 3.0 9264* 3049 04°

T2 1436° 1519 291° 187° 0264 38 15 45  32° 3974 3674 0.5
T3  23.44% 4695 887*° 221 032° 3.6 14® 44 312 50.12¢  352° 0.5
T4  21.03° 4359 7250 218 044> 34> 12>  43* 33 5416° 341°  04°

Cu Mn /n Pb

Treat
m (mgkg™) (mgkg™) (mgkg™) (mgkg™)

ents

(Means followed by the different superscript letter in the same column differed significantly
according to Duncan’s multiple range test (P=0.05).(n=3).

Table 12. The growth parameters and the nutrient content in the Komatsuna plants.

improve growth and yield parameters of Komatsuna, which needs a pH of 6.0-7.5 for
healthy growth. It is likely that the high pH (8.59), high EC (60.28 mS m™) and its related
nutrient bioavailability accounted for the reduced growth and yield parameters of
Komatsuna in the T2 treatment compared with T3 and T4. High pH of substrate can sharply
decrease availabilities of P, iron (Fe) and Mn (Peterson, 1982). The lowest shoot
concentration of Mn was given by plants grown in T2 treatment (Table 12). Similar results
were found in a previous study conducted using CFA as an amendment to container
substrate for Spathiphyllum production by Chen & Li (2006). The growth and yield
parameters of Komatsuna grown in red soil were significantly lower than the CSA-amended
treatments. Red soil had acidic pH of 5.12, which can decrease plant availability of Ca and
Mg but increase solubility of micronutrients. Shoot concentrations of Ca and Mg were lower
but Mn was higher in plants grown red soil (T1) than those grown in CSA addition
treatments (Table 12). Additionally, low pH was reported to directly affect the permeability
of root cell membranes and leakage of various ions from roots (Yan et al., 1992). Moreover,
the K, Mg and Ca concentrations of shoots in the CSA mixtures significantly increased
because CSA was enriched with these elements. Both shoot K, Ca and Mg contents were all
above the deficiency limits of 0.7-1.5 % (Chapman 1966), 0.14 % (Loneragen & Snowball,
1969) and 0.06 % (Chapman, 1966), respectively. The highest Mn concentration was reported
in the shoots from the red soil. Nevertheless, the Mn concentrations were much higher than
the diagnostic deficiency level of 20 mg kg™ (Chapman 1966). Zn concentrations in the CSA
mixtures were higher than in red soil but well below the toxicity limit of 150 mg kg
(Elseewi et al., 1980). Se and Cd were not detected in any tissues. Therefore heavy metal
content in plant tissue was below the toxicity limits. CSA as a soil amendment can be
suggested as a good practice for Komatsuna production in this low-productive acidic red
soil, due to enhanced soil physical and chemical properties. The CSA: soil of 1:5 and 1:10
gave the maximum growth and yield parameters of Komatsuna.

4.1.1.3 Other types of coal fly ash based aggregates as a soil ameliorant

CFA based aggregates can be developed by including oil palm waste and coco fiber and also
can be used as a soil amendment to improve low productive red soil to enhance crop
production. Since CFA aggregates did not contain high N content, aggeragets can be
developed by adding N fertilizer source to the aggeragets and those aggregates can be used
as a fertilizer and a soil ameliorant for crop production. One of our experiments (Jayasinghe
et al., 2009b) showed that these kind of N added aggeragets improved physical and
chemical properties of low productive acidic soil and improved the growth and yield
parameters of Komatsuna in red soil compared to original soil. In addition, homogenous
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synthetic aggeragets also can be produced with CFA, paper waste and organic or inorganic
binder and can be used as a soil ameliorant for low productive acidic soils. Moreover, CFA,
paper waste and starch binder pellet aggregates as a soil ameliorant for acidic red soil and
problematic grey soil improved the respective chemical and physical properties of the soil
and crop growth and yield of Brassica campestris. In conclusion, we can emphasis that
different types of aggregates produced from different waste materials can be effectively
utilized as a soil ameliorant to enhance the crop production.

4.1.1.4 Synthetic red soil aggregates
4.1.1.4.1 Synthetic aggregates (SA) production

SA was produced by combining red soil and paper waste in an Eirich mixer (R-
02M/C27121) with starch as the binder. First of all 1000g of red soil and 125g of paper
wastes were mixed well in the pan of the Eirich mixer for 2 minutes. Subsequently, 225 mL
of prepared starch paste was added to the above mixture and mixed well for another 2
minutes to produce SA (30 g of starch wastes was added to 200 mL hot water in 50°C and
heated to 80°C in order to obtain sticky paste as the aggregate binder).

4.1.1.4.2. Effect of synthetic soil aggregates as a soil amendment to enhance properties of problematic
grey (“Jahgaru”) soils in Okinawa, Japan.

Grey soils (“Jahgaru”) in Okinawa Japan spread over 20% of the total land area showed low
infiltration, strong stickiness and plasticity and alkalinity (National Institute of Agro
Environmental Sciences, 1996). It also exhibits a poorly developed soil structure and poor air
and water permeability characteristics (Okinawa Prefecture Agricultural Experiment
Station, 1999). Crop production on this grey soil is challenged due to possible disasters (i.e.
drainage problems, poor permeability), which can be resulted due to poor properties of the
soil. Moreover, soil structure has been found to be of paramount importance in soil
productivity and is becoming limiting factor of the crop yield (Allison, 1973).Therefore, SA
was utilized as a soil ameliorant to improve the problematic properties of grey soil to
enhance ornamental plant production. Therefore, French marigold (Tagetes patula) was
selected as the ornamental plant in this study. The objectives of the present study were to
study the characteristics of the grey soil amended with SA and to study the influence of the
SA addition as a soil ameliorant on the growth parameters of French marigold (Tagetes
patula). Experiments were conducted to study the impact of SA as a soil amendment to
improve poor properties of grey soil. Widely using French marigold (Tagetes patula), which
is a popular ornamental plant in Japan was grown in the experiment. All 8 treatments are
shown in Table 13. Grey soil was amended with SA at the rates of 10%, 20%, 30%, 40%, and
50% respectively.

4.1.1.4.2.1.Effect of aggregate addition on particle size distribution and Mean weight
diameter (MWD) of soil

Particle size distribution and mean weight diameter (MWD) of different treatments used in
the experiment are given in Table 14. Particle size distribution of a substrate is important
because it determines pore space, bulk density, air and water holding capacities (Raviv et
al., 1986). The mean particle size distribution of treatments showed that the fraction < 0.25
mm was the most abundant fraction in T1 (29.28 %) and T8 (22.47 %). More over, the particle
percentages > 3.35 mm are the lowest in T1 (grey soil) and T2 (red soil) treatments.

www.intechopen.com



Synthetic Aggregates Produced by Different Wastes as a Soil Ameliorant,

a Potting Media Component and a Waste Management Option. 217
Treatments Description

T1 Grey soil only

T2 10% SA addition

T3 20% SA addition

T4 30% SA addition

T5 40% SA addition

T6 50% SA addition

T7 SA only

T8 Red soil only

SA: synthetic aggregates
Table 13. Different treatments utilized under the study

>5.60 5.60-3.35 3.35-2.00 2.00-1.00 1.00-0.50 0.50-0.25 0.25-0.00 MWD
Treatments mm

mm mm mm mm mm mm (mm)
T1 0.00 5.08h 15.02f 14.98c 17.47b 18.17b 29.28a  1.090h
T2 0.34f  11.72f 16.30e 17.58b 15.17c 16.57c 22.32¢  1.452f
T3 1.25e  13.75e 16.26e 17.54b 16.90b 14.97d 19.33d 1.618e
T4 219d 1749d  19.81d 15.22¢ 14.59¢ 13.66e 17.04e  1.894d
T5 415¢c  19.90c 23.42c 17.65b 15.02c 10.50f 9.36f  2.270c
T6 536b 22.80b  24.29b 16.97b 14.11d 8.83g 7.64g  2.491b
T7 9.77a  26.82a  30.98a 18.15a 5.91e 4.28h 4.09h  3.129a
T8 0.00 8.28¢g 11.23¢g 18.85a 20.15a 19.02a 22.47b 1.204g

(Means followed by the different letter in the same column differed significantly according
to Duncan’s multiple range test (P=0.05).Values are mean (n=3)).

Table 14. Particle size distribution and Mean weight Diameter (MWD) of the different
treatments used in the experiment

The highest particle percentage >3.35 mm was given by T7 (SA only). Production of SA from
red soil with paper waste significantly (P<0.05) increased the particle size diameters
compared to red soil only. In a previous study conducted by Jayasinghe etal., (2008) to
produce SA from red soil and coal fly ash, gave increased particle size diameters compared
to original red soil. Dominance of finer particles in a substrate clogs pores, increase non-
plant available water holding capacity and decrease air filled porosity (Spiers & Fietje,2000),
while dominance of larger particles in a substrate increase aeration and decrease water
retention (Benito et al., 2006). Accordingly, red soil and grey soil had higher percentage of
finer particles, which led to decrease air filled porosity of the medium. Addition of higher
percentage of SA as a soil amendment significantly (P<0.05) decreased the finer particles <
0.25 mm and significantly (P<0.05) increased the larger particles. Moreover, addition of
higher SA percentages significantly increased the MWD compared to original soil (Table 14).
MWD of grey soil (1.090mm) had increased to 1.452, 1.618, 1.894, 2.270, 2.491 mm at SA
amendment of 10%, 20%, 30%, 40%, and 50% of SA, respectively. It is evident that the
amelioration of the grey soil with SA had significantly (P<0.05) increased the MWD of
original grey soils.
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4.1.1.4.2.2 Effect of aggregate addition on Water stable aggregates (WSA), organic matter
content and C content

The percentage of WSA > 0.25 mm, organic matter content and the C content of different
treatments are given in the Figure 6. It is evident that WSA percentage is significantly
(P<0.05) increased with the addition of SA to grey soil. WSA varied from 40.72 % to 86.63 %
and the lowest WSA given by grey soil with no SA amendment (T1) and the highest was
given by SA only (T7). Aggregate stability, a measure of the soil’s resistance to externally
imposed disruptive forces, was increased with increasing SA amendment percentages. It has
been shown that the addition of organic matter improved soil properties such as
aggregation, water holding capacity, hydraulic conductivity, bulk density, the degree of
compaction, fertility, and resistance to water and wind erosion (Franzluebbers, 2002).
Generally, crop residues, turfs, paper wastes, manures, forest under story leaf falls, and
compost from organic wastes have been used to increase soil organic matter content and
accordingly to improve soil physical properties in crop lands (Stratton et. al., 1995).
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Fig. 6. Water stable aggregates (WSA), organic matter content and the carbon content of the
different treatments studied under the study.(Different letters on the top of the bars differed
significantly according to Duncan’s multiple range test, n=3).

Aggregation is maintained by the presence of organic matter (Lynch & Bragg, 1985) and
therefore changes in organic matter content can lead to changes in aggregation (Dexter,
1988). SA addition increased the soil organic matter (Figure 6) due to incorporation of paper
waste and starch waste to develop SA. Paper waste in the SA is also a rich source of C (Rasp
& Koch, 1992) and improves soil organic matter contents, water holding capacity, soil
structure and bulk density (Simard et al., 1998). Highest organic matter content is reported
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in SA only (97.15 gkg™). The lowest percentage of organic matter was given by red soil (3.78
gkeg) and the second lowest organic matter content was given by the grey soil (16.74 gkg™).
Addition of SA to grey soil significantly (P<0.05) increased the organic matter content.
Moreover, high correlation between aggregate stability and soil organic matter has been
reported by Chaney & Swift (1984). More over SA addition significantly enhanced the soil C
content (Figure 6). The C amounts of red and grey soils were 1.16 and 9.42 gkg’,
respectively, which were the two lowest values reported among all other treatments.
Original red soil and the grey soil showed very low amount of C. T7 gave the highest
amount of C (54.72 gkg™) content due to the paper waste and starch waste. The C content of
the paper waste and starch waste were 374.8 gkg! and 312.5 gkg, respectively. Therefore,
SA can be considered as a significant source of C. Several previous studies revealed that a
trend of positive relationship between C content of the soil and the aggregate stability and
MWD (Adesodun et al., 2005). Soil aggregation, which is important to crop establishment,
water infiltration and resistance to erosion and compaction, is also influenced by soil C
content (Wright & hons, 2005).

4.1.1.4.2.3. Effect of aggregate addition on physical properties of Soil-SA amendment
mixtures

Physical properties of different amendment mixtures are given by Table 15. The bulk
density of the treatments has been decreased with the increasing percentages of SA
amelioration. SA addition significantly (P<0.05) decreased the soil bulk density by about
517 %, 9.48 %, 13.79%, 17.24% and 21.55% in SA addition treatments of T2, T3, T4, T5 and
T6, respectively. Bulk density depends on soil structure and is an indicator of soil
compaction, aeration and development of roots especially in soils with high clay contents.
The bulk density of the grey soil was 1.16 gem?.The lowest bulk density (0.85gcm™) was
given by SA only treatment. The organic matter content in red soil, SA and grey soil were
3.78, 16.74 and 97.15 gkg, respectively. Bulk density decreased with the increased amount
of soil organic matter (Nyakatawa et al., 2001). Moreover, red soil showed the highest bulk
density (1.21 gem™®) and it was reduced to 0.85 gem™ by 29.95% after producing SA with
paper waste. Porosity values were increased by 3.41 %, 5.82 %, 8.63 %, 11.04 % and 13.68 %
in SA addition treatments of T2, T3, T4, T5 and T6, respectively. Highest porosity (63.68 %)
was given by the T7 treatment. The increased porosity is especially important to crop
development since it may have a direct effect on soil aeration and can enhance root growth
(Sugiyanto et al., 1986).SA addition significantly (P<0.05) increased the water holding
capacity of the soil compared to grey soil only (T1). Water holding capacity was increased
by 8.51 %, 10.64%, 19.15 %, 23.40 % and 8.51 %, in T2, T3, T4, T5 and T6, respectively
compared to T1. Red soil (T8) gave the lowest water holding capacity (0.43 kgkg?) and it
was increased to 0.50 kg kg! in SA only (T7) by 16.28 % compared to red soil after
converting into SA with paper waste. It can be suggested that, water holding capacity
increases are due to the improved soil microspores, which resulted after SA addition,
subsequently responsible for the holding of water within the soil. Hydraulic conductivity
values of SA addition treatments showed significant differences (P<0.05) compared to T1
control except T2 (Table 15). Hydraulic conductivity values were increased by 10 times in
SA addition treatments of T3, T4, T5 and T6 compared to original grey soil (T1).
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Treatments BD (gcm™) PD (gcm?)  Porosity (%) WHC (kgkg™) Per(r(r:lr(;zgl)hty
T1 1.16ab 2.54a 54.33¢g 0.47c 6.671x10a
T2 1.10b 2.51ab 56.18f 0.51b 7.471x10%a
T3 1.05¢ 247b 57.49¢ 0.52b 1.031x10*b
T4 1.00cd 2.44bc 59.02d 0.56a 1.334x10**b
T5 0.96d 242c 60.33c 0.58a 1.031x10"*b
T6 0.91e 2.38cd 61.76b 0.51b 1.867x10**b
17 0.85f 2.34d 63.68a 0.50b 1.601x103c
T8 1.21a 2.58a 53.10h 0.43d 4.916x10a

(Means followed by the different letter in the same column differed significantly according
to Duncan’s multiple range test (P=0.05).Values are mean (n=3)).

Table 15. Physical properties of the treatments used in the study
4.1.1.4.2.4 Aggregate addition on chemical properties of Soil-SA amendment mixtures

Chemical properties of the different treatments are shown in Table 16. The pH of grey (T1)
and red soil (T2) were 8.36 and 4.46, respectively. It is evident that grey soil is an alkaline
soil and the red soil is an acidic soil. Produced SA from red soil also showed acidic pH of
4.42. It is evident that mixing of the acidic SA to grey soil decreased the alkaline pH values.
For an example 30% SA addition to grey soil gave a pH value of 7.72. EC of grey soil
showed significantly (P<0.05) higher values compared to red soil and other treatments. This
may be due to high concentrations of cations in grey soil (Table 16). The highest
concentrations of Ca, Mg, K and Na concentrations were given by grey soil while the lowest
was given by red soil. The N content of the grey soil and the SA amendment did not show
any significant differences.

Treatments pH EC Ca (gkg?) Mg (gkg?) K(gkg!) Na(gkg') N (gkg?)
T1 8.36a 69.3a 11.45a 1.28a 0.04a 0.10a 0.74a
T2 8.28a 67.8b 10.34b 1.19b 0.04a 0.10a 0.69a
T3 8.10b 65.1b 9.25¢ 1.11c 0.04a 0.09a 0.65a
T4 7.72¢ 62.7¢c 8.27d 1.03d 0.03a 0.08b 0.62a
T5 7.51c 60.2¢c 7.23e 0.96e 0.03a 0.08b 0.58a
T6 7.42d 58.8¢ 6.19f 0.88f 0.03a 0.07b 0.55a
T7 4.42e 8.82d 0.97¢g 0.51g 0.01b 0.04c 0.40b
T8 4.46e 5.36e 0.94g 0.54g 0.01b 0.04c¢ 0.42b

(Means followed by the different letter in the same column differed significantly according
to Duncan’s multiple range test (P=0.05). (n=3)).

Table 16. Chemical properties of the treatments studied under the experiment
4.1.1.4.2.5 Influence of SA addition on plant growth parameters

It is evident that the plant growth parameters of French marigold were significantly (P<0.05)
increased with the addition of SA as a soil ameliorant to grey soil (Tablel7). The lowest
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growth parameters are reported in French marigold grown in the grey and red soil, while
the highest growth and yield parameters were given by 30 % (T4) SA addition. The plant
height, number of flowers per plant, shoot fresh weight, shoot dry weight, root length, root
fresh weight and root dry weight in T4 were increased by 1.5, 2.9, 3.5, 4.7, 3.4, 4.3 and 9
times, respectively compared to T1. These increased growth parameters were because of the
enhanced particle size distribution, aggregate stability, soil organic matter, soil C, bulk
density, soil porosity, water holding capacity, hydraulic conductivity and pH due to the SA
amelioration compared to original grey soil. An increase in pore size and the continuity of
pore space eases root penetration and flow of water and gases, directly related to plant
growth (Tejada & Gonzalez, 2003).The lowest growth parameters of French marigold in grey
soil and red soil may be due to its poor soil structure. Improvement in soil aggregation by
aggregate addition positively affects germination of seeds and the growth and development
of plant roots and shoots (Van Noordwijk et al., 1993). The highest root length (190.33 mm)
was reported in the SA only treatment (T7) due to the increased porosity. The root length of
French marigold has been increasing with increasing percentage of SA addition. This may
be due to the improved soil porosity of the soil after SA addition. More over, growth
reduction in red soil (T8) and SA only (T7) may be due to acidic pH. The acidic pH of the
red soil and the SA were 4.46 and 4.42, respectively. The pH values of 30% and 40% SA
additions to grey soils were 7.72 and 7.52 compared to grey soil pH of 8.36.

Number of Shoot fresh  Shoot dry Root fresh

Treatments Plant height flowers per weight weight Root length weight Root dry “flght
{emm) plant  (gplant)  (gplant) ™™ (gplant?) (gplant’)
T1 14.23f 6.33f 5.8% 0.72e 53.30f 0.45g 0.03e
T2 16.27d 8.66d 7.81d 0.96d 90.00d 0.63f 0.05e
T3 18.21b 15.66b 14.22b 2.30b 120.33¢ 1.35d 0.11d
T4 21.42a 18.66a 20.74a 3.35a 180.00b 1.92a 0.27a
T5 20.66a 17.66a 20.24a 3.26a 178.66b 1.85a 0.25a
T6 17.13¢ 14.00b 11.64c 2.38b 182.00b 1.41c 0.16¢
T7 16.33d 11.00c 10.63¢ 1.32¢ 190.33a 1.23e 0.11d
T8 15.66e 7.33e 6.29d 0.85f 84.66e 0.48¢g 0.04e

(Means followed by the different letter in the same column differed significantly according
to Duncan’s multiple range test (P=0.05). (n=3)).

Table 17. Effects of SA amendment on the growth of French marigold

The mineral element concentrations in French marigold shoots are given in Table 18. It is
evident that shoot concentrations of N in SA addition treatments have been increasing
compared with the T1 control but again decreasing in T7 and T8 treatments. Moreover,
plants grown in grey soil and SA amendments gave higher K, Mg and Ca concentrations in
plant shoots compared to plants grown in red soil and SA. It is evident that shoot
concentrations of K, Ca and Mg were low but Mn concentration was significantly (P<0.05)
higher in plants grown in red soil (T8) and the SA only (T7) compared with other
treatments. This may be due to the acidic pH values T7 and T8 treatments, which can
decrease bio availability of Ca and Mg but increase solubility of micronutrients. It is likely
that the low pH and its related nutrient bioavailability accounted for the reduced growth of
French marigold grown in red soil and SA only treatments. In addition, the lowest iron (Fe)
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concentration was reported in the plants grown in grey soil (T1). This may be due to the
high pH of the grey soil compared to other treatments. It has been found that high pH of the
substrate sharply decrease the availability of Fe in the substrate (Peterson, 1982). Addition of
30% to 40% of SA to problematic grey soil can be recommended as a better practice for
French marigold production, which gave the best growth parameters compared to original
grey soil.

N K Mg Ca Fe Cu Mn /n
(gkg™) (gkg”) (gkg") (gkg’) (mgkg') (mgkg') (mgkg') (mgkg?)
T1 2021d 33.71a 1218a 42.49a 44.78c  3.4% 62.0lc  33.10b
T2 30.86c 33.65a 12.22a 42.44a 4591c  3.54b 61.98c  33.21b
T3 31.24b 33.64a 12.24a 4227a 46.77c  3.56b 63.41b  33.15b
T4 3312a 32.58a 12.37a 4230a 46.82b  4.07a 64.16b  35.11a
T5 33.25a 3249a 12.28a 4236a 47.28b  4.19% 65.55b  35.23a
T6 3318a 32.31a 12.21a 4224a 4712b  4.10a 68.75b  35.47a
T7 2416e 2232b 838b  672b  79.25a  324c  10956a  32.12c
TS 2428¢ 2245b 845b  677b  7854a  322c  110.72a  32.09c

Treatments

(Means followed by the different letter in the same column differed significantly according
to Duncan’s multiple range test (P=0.05).Values are mean (n=3)).

Table 18. Element concentrations in plant shoots

4.2 Synthetic aggregates as a potting media

4.2.1 Coal fly-ash-based synthetic aggregates as alternative container substrates for
ornamentals.

Experiment was conducted using CFA paper waste aggregates and oil palm waste as a potting
media for ornamental French marigold (Tagetes patula) production. Utilized container
substrates under the experiment are given in table 19. Zeolite was the standard substrate.

Substrate Formulation
T1 CSA (100%)
T2 CSA 1 :Palm waste 5 (V/V)
T3 CSA1 :Palm waste 10 (V/V)
T4 Palm waste (100%)
T5 Zeolite

CSA: coal fly ash based synthetic aggregates
Table 19. Composition of container substrates used in the experiment
4.2.1.1 Physical properties of the container substrates

The particle size distribution of different substrates utilized in this study is given by the
Table 20. The mean distribution showed that the fraction greater than 3.5 mm was the most
abundant fraction in CSA and zeolite substrates. 55.80 % of the CSA particles were greater
than 3.5 mm while this fraction in zeolite, oil palm waste, T2 and T3 were 80.52%, 8.44 %,
34.68% and 21.76%, respectively. The best substrate is that with medium to coarse texture,
equivalent to a particle size distribution between 0.25 and 2.00 mm, as the optimal range for
a plant growth medium that allow retention of enough readily available water together with
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adequate air content (Abad et al., 1993; Benito et al., 2006). T1 and T5 gave less than 15% of
particles between 0.25 and 2.00 mm whereas this fraction in T2, T3 and T4 were 45%, 62%
and 80%, respectively. CSA (T1) and Zeolite (T5) did not give sufficient particle percentages
in the optimal range (0.25 and 2.00 mm) for plant growth whereas oil palm waste gave the
highest fraction in this range. T2 and T3 had higher percentages of particles between 2.00
and 0.25 mm compared with T1 and T5. Moreover, T2 and T3 had a uniform distribution of
particles in every particle size diameter class because of mixing comparatively larger
particles of CSA and smaller particles of palm waste.

>5.6mm 5.6-3.35 3.35-2.00 2.00-1.00 1.00-0.50 0.50-0.25 <0.25
Substrate

(Weight %) mm mm mm mm mm mm
T1 25.61° 30.19° 28.322 8.544 5.204 1.08¢ 1.064
T2 14.12° 20.56¢ 18.76P 13.84¢ 16.96° 14.05¢ 1.71¢
T3 8.24¢ 13.524 14.60° 23.92b 19.40° 18.44P 1.88°
T4 0 8.44¢ 9.24¢ 29.242 22482 28.372 2.232
T5 0 80.52* 13.094 2.46° 1.14° 1.624 1.174

(Means followed by the different superscript letter in the same column differed significantly
according to Duncan’s multiple range test (P=0.05).Values are mean (n=3))

Table 20. Particle size analysis of the container substrates

Table 21 shows the main physical properties of the different container substrates used in the
study. Bulk density values of different substrates were significantly different (P<0.05). Abad
et al., (2001) defined the bulk density requirement of an ideal substrate should be less than
0.40 gem?®. CSA and the zeolite media exceeded these limits. However T2, T3, and T4
substrates were within the ideal range. Mixing CSA with oil palm waste at the ratio of 1:5
and 1:10 decreased the bulk density by 51% and 55% compared to CSA (T1) and 63% and
65% compared to zeolite (T5), respectively. Particle density values of T2, T3, and T4 are in
the range of established particle density limit (1.4-2.0 gcm™) described by Abad et al., (2001).
Air space values for an ideal substrate should be within 20-30% according to De Boot &
Verdonck, (1972). Zeolite showed highest air space while oil palm waste showed lowest

BD PD Air space Total pore T(?tal water.
Substrate 3 3 y space holding capacity
(gem?) (gem?) (%) (%) (mLL%)
T1 0.56° 248 25.82° 77.42¢ 5164
T2 0.27¢ 1.81¢ 22.08¢ 85.08° 630°
T3 0.254 1.764 20.594 85.79P 652°
T4 0.22¢ 1.70¢ 19.36¢ 87.06 6772
T5 0.722 2.612 31.712 72.414 407¢
IS X <0.40 1.4-2.0 20-30 >85 600-1000

ISX: Ideal Substrate according to De Boodt and Verdonck, (1972) and Abad et al., (2001); BD:
bulk density, PD: particle density:(Means followed by the different superscript letter in the
same column differed significantly according to Duncan’s multiple range test
(P=0.05).Values are mean (n=3)).

Table 21. Physical properties of the container substrates
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value compared to the established ideal range. High air space means that water should be
applied frequently, and in small amounts to avoid leaching (Benito et al., 2006). The ideal
total pore space should exceed 85% (De Boodt & Verdonck, 1972). T2, T3, and T4 growth
media exceeded this ideal limit while other media were below than the ideal value. Ideal
total water holding capacity of an ideal substrate should be in the range of 600-1000 mLL"*
according to De Boodt and Verdonck, (1972). T2, T3, and T4 substrates were in the ideal
substrate range whereas T1 and T5 were not within the ideal range. Physical properties such
as bulk density, particle density, air space, total pore space and total water holding capacity
of the T2 and T3 substrates were in the ideal substrate range compared to T1 and T5.
Moreover, the physical properties of the T4 substrate were in the ideal range except the air
space.

4.2.1.2 Chemical properties of the container substrates

The CSA (T1) showed an alkaline pH value of 9.82 (Table 22). Oil palm waste and Zeolite
showed pH values of 4.34 and 8.77, respectively. Mixing ratio of CSA with oil palm waste at
the ratio of 1:5 and 1:10 gave pH values of 7.21 and 6.18. Established pH limits for an ideal
substrate are 5.3-6.5 (Abad et al.,, 2001). T3 was the only substrate lies within the ideal
substrate range with respect to pH values. The EC values showed significant differences
(P<0.05) among all substrates. Established EC limits for an ideal substrate are 50 mSm'!
(Abad et al., 2001). The T2, T3, and T4 substrates were in the range of established ideal
substrate range while EC values of T1 and T5 were not in the ideal range. C contents of all
container substrates were significantly differed (P<0.05) with each other. Nitrogen content of
all container substrates was very low and varied between 0.4 and 5.2 gkg™. The carbon and
nitrogen (C/N) ratio, an indicator of organic matter origin, was different for all the
substrates. The CSA and the zeolite showed the highest C/N ratios because of the low
nitrogen contents. High C/N ratios could be cause immobilization of soluble nitrogen when
those substrates were used as a growing medium for containerized plant production.
Established range of C/N ratio for ideal substrate is 20-40 (De Boodt & Verdonck, 1972). T2,
T3 and T4 substrates were closest to the ideal value. CSA and the zeolite media showed
significantly (P’<0.05) higher concentrations of cations (Table 22) compared to other
substrates. Oil palm waste showed the lowest concentration of the cation compared to all
substrates studied under this study. In addition, substrates having a mixture of CSA and oil
palm waste (T2 and T3) reduced the cation concentration compared to CSA (T1) and zeolite
(T5). CSA showed the highest concentration of heavy metals compared with other
substrates. Cd and Se were not detected in all substrate samples. The standard maximum
pollutant concentrations of individual metals for land application suggested by the US
Environmental protection Agency (USEPA, 1993) are 41 mgkg'As, 1200 mgkg'Cr, 1500
mgkg'Cu, 2800 mgkg'Zn, 300 mgkg'Pb and 39 mgkg™ Cd, respectively. It is evident that,
heavy metal concentrations in all substrates used in this experiment were generally below
the maximum pollutant concentration of individual metals for land application suggested
by the US Environmental protection Agency (USEPA, 1993).

4.2.1.3 Effect of different substrates on the growth and yield parameters of French marigold.

The shoot fresh weight, shoot dry weight, root fresh weight, root dry weight, plant height
and number of flowers per Marigold plant grown in different container substrates after 3
months of growing period are shown in Table 23. There were significant differences (P<0.05)
in growth and yield parameters of Marigold grown in different growth substrates. The
lowest shoot fresh weight, shoot dry weight, root fresh weight, root dry weight and plant
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~ Substrate  pH EC C N C/N Na K Mg Ca As Cr
(mSm?)  (gkg') (gkg')  ratio  (gkg') (gkg') (gkg') (gkg') (mgkg') (mgkg') (r

T1 9820 961+ 120824 0719 17260« 087  151= 0720 334 021 7.62+

T2 721 488 17911 358  49.75% 034 072 037  14lc 012 5130

T3 6184 4244 19024> 4220  4529¢  025¢ 055 029  103¢ 011 3.5%

T4 434 323 21080+ 5172 4054 010 037  02le 046 012 0.28¢

T5 877 598 2827 038  70.68° 056> 091® 045 378 0.2 1.414

EC: electrical conductivity (Means followed by the different superscript letter in the same column
according to Duncan’s multiple range test (P=0.05). Values are mean (n=3)).

Table 22. Chemical properties of the container substrates

Substrate Shoot Fresh weight Shoot dry weight Root fresh weight Root dry weight I
(gplant?) (gplant1) (gplant) (gplant?)
Tl 11.68¢ 1.59¢ 4.55¢ 0.65
T2 14159 19540 49.25v 7.390
T3 16517 23.87a 56.34a 8.90a
T4 101.374 11.004 33.884 3314
T5 109.37 1237 36.36¢ 3.56¢

(Means followed by the different superscript letter in the same column differed significantly acco
range test (P=0.05).Values are mean (n=3)).

Table 23. Effects of container substrates on the growth of French marigold
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height were given by plant grown in T1 substrate. French marigold requires a substrate pH
of 5.5-6.8 for healthy growth. The reduced growth and yield parameters of the French
Marigold grown in T1 substrate are due to the high substrate pH (9.82) and EC (96.1 mSm™)
and its related nutrient bioavailability. Substrate T3 was most sufficient to promote the
growth of French marigold because of its optimal chemical and physical properties (e.g.pH,
EC, bulk density, total pore space, water holding capacity, etc.). The growth and yield
parameters of French marigold grown in the zeolite (T5) were significantly (P<0.05) lower
than that of T2 and T3 substrates but significantly higher than that of oil palm waste (T4)
and CSA (T1). Shoot concentrations of Ca and Mg were low but Mn concentration was
significantly higher in plants grown in oil palm waste (T4) compared with other treatments.
This may be due to the acidic pH value (4.34) of oil palm waste, which can decrease bio
availability of Ca and Mg but increase solubility of micronutrients. pH and its related
nutrient bioavailability accounted for the reduced growth of French marigold grown in the
oil palm waste. Mixing CSA with the oil palm waste at the ratio of 1:10 (T3), which is an
ideal substrate, can be suggested as an alternative container substrate for French marigold
production compared with zeolite. In addition, production of CSA using waste CFA with
paper waste and mixing them with oil palm waste as a container substrate can be suggested
as an alternative waste management practice.

4.2.2 Utilization of synthetic soil aggregates as a containerized growth medium
component to substitute peat in the ornamental plant production

An investigation was under taken to study the characteristics and utilization of synthetic
soil aggregates (SA) formed by low productive acidic soil with paper and starch waste for
production of French marigold (Tagetes patula) as a partial peat substitution in growing
substrate. Five different growth substrates utilized in this study were peat only, peat 75%:
SA 25%, peat 50%: SA 50%, peat 25%: SA 75% and SA only. Peat 75%: SA 25% enhanced
substrate physical and chemical properties into the established ideal substrate range
(Jayasinghe et al., 2009 e). Plant height, numbers of flowers, fresh shoot weight, dry shoot
weight, root length, fresh root weight and dry root weight of French marigold grown in the
substrate of peat 75%: SA 25% increased by 13.28, 23.07, 28.51, 27.41, 6.66, 68.33 and 7.40%,
respectively compared with peat substrate. Peat 50%:SA50% gave similar growth
parameters to peat only substrate. Nitrogen (N) content of plants grown in peat 75%:SA25%
was higher than peat substrate. The normal ranges of Cu, Fe, Mn and Zn in plants were 3-20,
30-300, 15-150 and 15-150 mg kg?, respectively (Adriano 2001). The critical toxicity
concentrations range for Cu, Fe, Mn and Zn were 25-40, 400-1000, 400-2000 and 500-1500 mg
kg, respectively (Romheld & Marschner 1991). The Cu, Fe, Mn and Zn concentrations in
plant shoots were in the normal range and well below the phytotoxic limits. In addition, As,
Se and Cd concentrations were not detected in any plant tissues obtained from all
substrates. Furthermore, Pb concentration was not significantly differed among all plant
tissues. Therefore, growth substrates with 25% and 50% of SA can be recommended as the
most effective substrates to substitute expensive and less available peat in environmental
point of view. Therefore, synthetic aggregates can be recommended as a viable alternative to
substitute expensive peat in horticulture.

4.2.3 Other aggregates as a potting media component
Aggregate formed from sewage sludge with inorganic binder also can be used as potting
media component for plant production to substitute congenital expensive peat media. These
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aggeragets can be used with different amounts of peat, coco fiber or oil palm waste to
develop potting media. An experiment conducted with sewage sludge aggregates with
different percentage of the peat showed that the highest plant height, number of flowers per
plant, fresh shoot weight, shoot dry weight, root length, root fresh weight and root dry
weight obtained from the treatment having sewage sludge aggregates and peat at 40% and
60% increased by 13.69%, 23.53%, 41.46%, 58.95%, 2.43%, 39.09% and 21.68%, respectively
compared to peat control. Moreover, sewage sludge aggregates addition increased the N, P,
Ca and Mg contents in the plant tissues. The aggregates application did not significantly
increase the Cu, Cd, Cr and Pb in the plant tissues but accumulation of Zn was increased
significantly. Aggregate addition did not pose any phytotoxicity in French marigold plants.
Therefore, sewage sludge aggregates can be suggested as a viable potting media component
to substitute widely using expensive peat in horticulture. Synthetic red soil aggeragets with
different types of compost (sewage sludge sugarcane trash compost, cattle manure compost,
chicken manure compost etc.) can also be used as a potting media for plant production.
Increased biomass production of lettuce was reported from the sewage sludge sugarcane
trash compost and synthetic red soil aggregate assayed media compared to peat media.
Moreover, due to physical and chemical characteristics of the media developed by sewage
sludge sugarcane trash compost and synthetic red soil aggregate based media can be
considered as valuable partial peat substitutes for lettuce, especially at the rates of 40% of
sewage sludge sugarcane trash compost, 20% of red soil aggregates and 40% of peat, which
gave the maximum growth parameters and the highest biomass yield of the lettuce when
compared to peat (Jayasinghe et al., 2009f). In addition, red soil synthetic aggregates and
zeolite can be used as an alternative medium for French marigold production which gave
higher growth and yield (Jayasinghe et al., 2009g). Therefore, potting media developed by
using sewage sludge, sugarcane trash, paper waste and low productive soil can be considered
as a suitable method for recycling and reducing the environmental impact of these residues.

5. Conclusions

Synthetic aggregates can be developed from wide range of wastes types and can be utilized
in different ways. Different types of aggregates can be developed according to the required
utilization method. Moreover, the sizes of the aggregates can be decided with respect to the
requirement. Aggregates can be designed according to the availability of the waste materials
in the area or the region. Developed aggregates can be utilized as a soil amendment to
problematic soils to enhance their challenged physical and chemical characteristics. Coal fly
ash aggregates as a soil amendment to acidic soil improve the soil poor properties and
subsequently improved the crop growth parameters. In addition, synthetic aggregates
effectively can be used as a potting media component to substitute conventional media.
Aggregates addition to the soil as an amendment improved the microspores due to
microbial activities with the assistance of the fibrous materials in the aggregates, which lead
to enhance the soil water holding capacity, porosity and permeability. Synthetic aggregate
production from different wastes can be recommended as a potential way of waste
management. Waste materials contain considerable contents of trace elements that can be
detrimental to human and therefore routine investigations should be undertaken to get
confirmed the trace element concentrations are below the permissible levels in the waste
materials. Future studies should be undertaken to study the potential utilization of these
aggregates for different range of crop varieties.
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