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ABSTRACT

Organic waste management is essential not only in turning waste
into wealth but more importantly in improving environmental
quality and health, and contributing to sustainable crop production
when it is recycled in the agricultural sector. The agricultural sector
in Malaysia produces a tremendous amount of waste which has
traditionally been burnt or simply dumped (a common practice
till now) making it a source of greenhouse gas emissions and
other environmental problems which affect human health. More
recently, due to the prohibition of open burning of organic wastes,
it has become a trend to convert wastes into wealth, 1.e. value
added products. Research has escalated to investigate various
technologies with the aim of reducing waste through good waste
management practices, i.e. recycling in agriculture or conversion
into useful products for commercialization. However, returning
organic wastes back to agricultural land simply by mulching (e.g.
oil palm empty fruit bunches (EFB) applied fresh from the mill or
as processed EFB mats to newly transplanted palms and mature
palms) or incorporation of crop residues into soils after harvesting
contributes to recycling of nutrients and organic matter back
into soils, thus building up soil quality and health, prevents land
degradation and increases soil productivity. Composting of organic
wastes (not limited to agricultural wastes) reduces the bulk of the
wastes and concentrates nutrient contents. This process not only
converts the wastes into value-added products such as organic
fertilizers, soil amendments and soilless potting media but also
avoids wastes being exposed to the environment and vulnerable
to greenhouse gas emissions (nitrous oxide and methane) and
pollution of natural resources (leaching into groundwater and
surface run-off into surface waters). The use of soilless potting
media derived from organic wastes could partially or totally replace
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the use of peat which is a slowly renewable resource. Apart from
this, there has been an increase in interest, in the last decade, in
transforming organic wastes into biological charcoal or biochar
under controlled conditions, such as pyrolysis and gasification, with
the main objective of using it as a soil amendment in agricultural
land, particularly for naturally infertile or degraded soils. Biochar
contains carbon that is potentially resistant to microbial degradation
and has dual functions. Firstly, biochar improves soil quality and
crop productivity due to its high porosity and sorption properties.
Secondly, biochar increases carbon storage or sequestration in soil
thus reducing carbon dioxide in the atmosphere and mitigating
global warming and climate change.

Sustainable management and recycling of organic wastes in
agriculture is a holistic approach which should be pursued not only
with the sole objective of converting wastes into wealth but more
seriously for its various benefits to crop production, the environment
(clean water and air, and balanced carbon cycle) and, ultimately,
human health.
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INTRODUCTION

In the 20™ century, as the world population continues to grow and
become more urbanised and affluent, the production of wastes has
increased tremendously. It is predicted that by the year 2025, the
world population will reach 7.65 billion, from the current 7.05
billion people, with waste production almost doubling from 3.53
million tons per day to 6.07 million tons per day (Hoornweg et al.,
2012). Many developing countries in the Asia-Pacific region already
face critical problems with regard to waste management and the
quality of the environment (Nadi ef a/., 2011). Rapid urbanization
and economic growth in the region has resulted in a corresponding
increase in solid wastes that municipal governments are finding it
difficult to dispose off because most of the existing dumpsites have
or nearly reached their maximum capacity and finding land for
new dumpsites is becoming increasingly difficult. Other problems
include: insufficient government prioritisation and support, lack of
finance, inadequate long-term planning, indiscriminate disposal of
wastes, poor handling and disposal of hazardous and biomedical
wastes, insufficient recycling and reuse, lack of skilled personnel,
and poor monitoring and enforcement.

Solid waste generation in Malaysia recently reached a crucial
stage, especially in terms of the amount and composition. With waste
generation increments of 3% per annum due to urban migration,
affluence and rapid development, Malaysia is left with no choice
but to find ways to manage its waste disposal more efficiently and
immediately if it wants to safeguard its environment from harmful
effects (Syed, 2010).

Generally, solid wastes consist mainly of organic materials
such as food waste (45%), followed by plastic (24%), paper (7%),
iron (6%) and glass and other materials such as wood (3%) (Ninth
Malaysia Plan, 2006; Fauziah et al., 2007). Currently the per capita
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generation in Peninsular Malaysia is nearly 1.2 kg of municipal
waste (MSW), amounting to 19,000 tonnes of waste per day, and
it is set to rise to 30,000 tons daily by 2020 (Zamali et al., 2009).
Besides municipal solid waste, a large amount of waste is generated
from agriculture, an important sector in Malaysia’s economic
development. More than 2 million tons of agricultural wastes is
produced annually (Wan Azlina et al., 2011). Major agricultural
residues are generated from oil palm and rice cultivation (Figure

1.

Munici
Solid
Waste, 9.5

Figure 1 Biomass residues produced from various industries in
Malaysia.

(Source: Hasan and Shirai, 2003)

The oil palm sector is the largest agriculture sector and hence the
major contributor to agricultural residue generation in Malaysia. In
2012, oil palm cultivation in Malaysia was estimated to cover around
5.08 million hectares, with an average production of 18.89 tons of
fresh fruit bunch (FFB) per hectare (MPOB, 2013). The major by-
products from palm oil extraction are empty fruit bunch (EFB), palm
kernel shell, fibre and POME. Rice is the other main generator of
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agricultural waste, mainly in the form of rice straw and rice husk.
In 2011, 2.578 million metric tonnes of paddy was harvested from
687,940 hectares of rice fields in Malaysia, producing 1.66 million
metric tonnes of rice (DOA, 2012). Lim et al,. (2012) reported that
for every kilogram of paddy harvested, 0.41-3.96 kg of rice straws
and 0.20-0.33 kg of rice husks are produced.

Table 1 Major biomass residue generation in Malaysia

Industry Type of Residue Amount Generated

(‘000 tonnes)
EFB 15,701
. Fiber 9,447
Oil Palm
Shell 4,211
Others (POME) 51,990
Rice Husk 471
Paddy
Paddy Straw 856
Sugar Bagasse 356
Sawn Timber 1,692,718 m?
Wood Plywood and Vencer 121,000 m?
Moulding 75,600 m?

Source: APEC, 2007

PROBLEMS RELATED TO SOLID WASTES

Improper management of solid wastes, especially in landfills,
can have negative impacts such as leachate contamination of
surface and groundwater, pest infestation and health problems and
emission of greenhouse gasses (Fauziah and Agamuthu, 2005). The
contamination by leachates from landfills of water bodies can cause
serious water and land pollution. For example, in 2010, leachate
contamination from a landfill in Semenyih caused the closure of
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the nearby water treatment plant due to high ammonia levels being
found in the water supply leading to water supply disruption for a
million consumers (The Star, 2010). The threat of contamination
from landfills is very serious as only 12 out of over 300 MSW
disposal sites in Malaysia are sanitary landfills with proper leachate
collection and treatment facilities (Fauziah and Agamuthu, 2005).
Agricultural activities and agro-based industries are also a major
source of water pollution, from the processing of palm oil, rubber,
pineapple, tapioca, sugar, sago and, to some extent, paper and pulp
manufacturing.

Greenhouse Gas (GHG) Emissions originate in situations
where biodegradable wastes deposited in landfills produce methane,
a GHG which is 21 times more potent than carbon dioxide. Between
60 and 80 per cent of municipal solid waste in Asia’s developing
countries consists of organic material. This waste is currently sent
to landfills and dumps where it contributes to a large amount of
GHG emissions every year (Table 2).
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SOLID WASTE MANAGEMENT PRACTICES

There are several methods used for managing MSW, with the most
popular being landfilling, recycling and waste to energy conversion
(i.e. incineration) (Figure 2). For agricultural waste such as EFB
and other oil palm by-products, it is conventionally recycled via
incineration, mulching in oil palm estates and composting (Menon
etal.,2003; Sumathi et al., 2008; Baharuddin et al., 2009; Rosenani
etal,2011).

400
350
300
250
200
150

100

50

Amount Disposed (millions tons/year)

Landfil  Recycled WTE Dump  Compost  Other

Disposal Options

Figure 2: Disposal of total Global MSW according to disposal
methods.

(Source: Hoomweg et. al, 2012)

Landfilling of solid wastes remains the most widely used waste
management method as it can handle bulk quantity. However, such
operations are costly and increasingly questioned by communities
concerned about the potential long term risks and aesthetics
associated with having a landfill in their neighborhood. Incineration
solves the bulk issue and long residence time of organic wastes with
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2 beneficial outcomes, i.e. energy generation and mass reduction.
Agricultural wastes such as EFB were traditionally incinerated in
the mill as fiber fuel which caused severe air pollution problems.
Consequently the introduction of the Malaysian Environmental Air
Quality Regulation in 1978 prompted mills to look for alternative
waste management methods.

Nutrient recycling via mulching and composting is the current
approach whereby organic wastes from agricultural activities, such
as crop residues, etc., are recycled in various ways such as mulching,
composting and charred. The advantage of recycling organic wastes
includes positive replacement of chemical fertilizers with organic
based fertilizers, less soil and water pollution, lower greenhouse
gas emissions and improved soil sustainability.

The incorporation of agriculture wastes as useful by-products
for agricultural activities has been carried out and studied in
Universiti Putra Malaysia (UPM) over the past few decades.
These research studies on amending organic matter into infertile
or degraded tropical soils to enhance plant and soil productivity
encompasses various crop residues, such as groundnut, oil palm
and rice.
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INCORPORATION OF CROP RESIDUES INTO SOIL
FOR NUTRIENT CYCLINGAND SOILAMENDMENT

Sustainability has been a major concern for agriculture in the last
few decades. The dependency on inputs such as chemical fertilizers
and pesticides have had a harmful impact on the environment and
human health, leading to the introduction of agronomic practices
aimed at reducing such chemical inputs while maintaining or
enhancing crop yield and soil health. The incorporation of crop
residues into soil not only promotes nutrient recycling, but also
improves soil fertility by adding soil organic matter.

In a field experiment under a crop rotation system of maize (Zea
mays L.) and groundnut (4rachis hypogaea), the incorporation of
crop residues was shown to improve recovery of applied N in the
soil and crop, in comparison to the treatment where crop residue was
removed (Rosenani et al., 2003; Mubarak et al., 2003a; Mubarak et
al., 2003b; Dourado-Neto et al., 2010). Significant positive effect
of crop residues on N retention was observed at 15- to 30-cm soil
depth in subsequent crop cycles (Figure 3). The study also showed
that the gradual beneficial effects of crop residue incorporation
can be observed in the long term, where after two years, there was
significant increase in soil exchangeable K and available P, and
cation exchange capacity (CEC) (Mubarak et al., 2003d).
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This study also found that there must be good synchrony
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between crop residue incorporation and the next planting cycle to
ensure optimum uptake, as otherwise nutrients released from the
crop residue would be lost through leaching with no significiant
effect on subsequent crop yields (Rosenani et al., 2003; Mubarak
et al., 2003c). Nitrogen mineralization from maize residues was
found to be quite rapid, from 4 to 8 weeks after incorporation
due to the hot, humid conditions (Figure 4). In the humid tropics,
unless the fallow period is short (i.e. 4 to 6 weeks), incorporation
of crop residues after harvest would not benefit the subsequent
crop significantly due to rapid decomposition and release, and
loss of nutrients through leaching. However, in a rain-fed area it is
sometimes inevitable that fallow periods are long (i.e. more than 6
weeks depending on the rainfall), thus affecting the availability of
nutrients released from the incorporated residues of the previous
crop. However, addition of organic materials into the soil, in the
form of crop residue or animal manure, may have positive effects
on emission of nitrous oxide, a greenhouse gas (Khalil et al., 2001;
Khalil et al., 2002).

APPLICATION OF OIL PALM EMPTY FRUIT BUNCH
AS MULCH

Mulching is an important agronomic practice that can help
in retaining moisture, protection of soil surface from erosion,
regulating soil surface temperature, reducing nutrients leaching
from fertilizers and weed control. Besides adding organic matter
to the soil and improving soil fertility, it reduces chemical fertilizer
costs and aids in waste management. EFB has been recycled as
mulch and a source of nutrients in oil palm fields and also other
crops, such as in orchards. However, documented information of
the effects of such practice on soil properties, especially in the
long term, is rare. Field trials carried out earlier in plantations,
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mainly focused on plant growth parameters and yields. Thus, a
long-term field trial was established in an estate under Golden Hope
Plantations Sdn. Bhd. to investigate the long-term effects of 3 rates
of EFB application, from 1982 to 1993 (Rosenani et al., 2011a). In
this trial the EFB was applied in a heap in the middle of four palms
(Plate 1), as most of the palm roots grow out radially for quite a
distance. A study by Zaharah et al., (1989) showed that oil palm
roots grow out radially and laterally by up to 36m and may absorb
nutrients from the entire soil area between the palms. The feeder
roots of the palm also tend to concentrate in areas of high organic
matter and moisture. The recommended treatments were chemical
fertilization and zero EFB application rate (CHEM), 150 kg EFB
palm-1 year-1 (EFB150) and 300 kg EFB palm-1 year-1 (EFB300)
applications. The treatments with EFB application were not
accompanied by application of chemical fertilizers. The cumulative
addition of EFB significantly increased soil pH, organic C, total
N, CEC and exchangeable bases while reducing exchangeable Al
content (Figure 5). The overall yield response during the 10 year-
period showed that EFB150 treatment was comparable to CHEM
while the FFB yield of the EFB300 treatment was significantly
higher than that of the EFB150 and CHEM treatments. The EFB
application improved soil fertility and sustained crop production in
the long term. This study also showed that the application of EFB
improved soil chemical properties (organic C, soil pH, CEC and
exchangeable bases) over the ten year period. Application of EFB
over the 10 year-period also significantly increased total N content
in the 0—40 cm soil layer in the EFB300 plots while no significant
difference was observed between the CHEM and EFB150 plots.
Rosenani and Hoe (1996) also reported an increase in soil pH and
availability of K, Ca and Mg in soils applied with EFB mulch, even
after a short period of 15 weeks of decomposition. EFB naturally
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decomposes rapidly and loses up to 50% dry matter weight within
15 weeks after application with rapid release of K, particularly
when accompanied by chemical fertilizer application (Rosenani
and Hoe, 1996; Rosenani and Wingkis, 1999).

palm trees in an EFB treatment plot

(Source: Rosenani et. al, 2011a)

Applying EFB as a mulch and nutrient source in the oil palm
field near the palm oil mill is a good and practical alternative method
for the disposal and management of palm oil wastes. The application
of EFB improves soil fertility and sustains crop production in the
long-term. In practice, the planter may apply the lower rate of EFB
over a bigger palm area and reduce fertilizer costs while maintaining
the FFB yield or apply a higher rate over a smaller area nearer to
the mill to reduce transportation costs and produce a slightly higher
yield.
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(EFB300). Horizontal bars indicate standard deviation. Means followed
by the same letter are not significantly different at 5% level
by Duncan’s Multiple Range Test.

(Source: Rosenani et. al, 2011a)

Returning unprocessed EFB to the field as a mulch and source
of nutrients in oil palm fields is currently a common practice.
However, the EFB in its natural form is heavy, thorny and bulky
and cannot be stored. Hence, for logistic reasons, the EFB needs to
be transformed into a form that is convenient and economical for
mulching of oil palms and possibly, other crops. The conversion
of EFB into a mulch mat was studied to determine its potential use
for nutrient retention on sandy tin tailing soils during transplanting
of timber plants (Wan Asma, 2006; Wan Asma et al., 2011). Sand
tailings from past tin mining activities represent one of the main
problem soils in Malaysia for agricultural and forestry activities due
to its porous nature. Results of the study showed that laboratory and
commercially produced EFB mulch with a combination of chemical
fertilizers were able to reduce nutrient leaching, although it did not
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improve the soil nutrient concentration of the sand tailings. The
cumulative volumes of leachate collected were significantly lower
for treatments with mat application compared with the control
treatments. The organic mulch layer on top of mineral soils helped
retain a major part of soil moisture for plant uptake by reducing
water loss through flowing down through the sandy soil. The study
also showed that incorporating fertilizers inside the mulch mat
could be the best way to reduce fertilizer nutrients loss in such soils
(Table 3). The EFB mat was slow in decomposing and was able to
function as a mulch and remain intact for the four month duration
of the study.

Table 3 Percentage of total N leached corresponding to total N input in

m16



Rosenani Abu Bakar

(9007 ‘BWSY UBA\ :921N0S) JBUI A} YJBIUIIPUN PIJSEOPLOIQ

IOZI[IIR UM D Jell = gIA)D ‘JBW UO POISLIPLOIQ IOZI[THRJ M JAD JBW = A Jell [BIOIWIUIOD = JA)D) YW [JeaUIdpUn pI)Seopeolq IoZI1Id)
M JA oW = gIA “OPISur paje1odIoduT I9ZI[TIY IIM JA JBUW = DJA ‘JeUT UO PRJSEOPLROIq IOZI[IIAJ M JA Jeul = JJA Jewr paonpoid-L1oje1oqe] =
N ‘PaIseopeoiq 12z1niay punodwods = J§ qonuod = § (50'0 > d) Jua1dyyTp APuedyTusIs J0U I8 1919 SIS ) YPIM UWIN[OO JUILS UT SON[BA f = U

(110 Iv j2 pwisy ugp :00mM0S)

qe 0981 11881 L11S8 LT 0001 00SL and

€ 06'9C £982C L11S8 L1l 0001 00SL D

€ 899 9°L9 L1101 L1l 0001 0 WD

Q0011 €Lp81 L1SL91 LTl 0v6 00SL an

qLLT 6°€9% LISL91 L1l b6 00SL SN

e 088 PELY LTSLO1 L1l %26 00SL N

999 L€ST L'1ST6 LTl 0v6 0 W

€ 09°0€ 76T LTISL L1l 0 00SL IS

900 00 LT L1l 0 0 S

(%) ndur N [e30) (N Sur) 2jeyora] ur (N 3u) 1os PN AR JuounEa,
JO POYdBS N [®I0L N [©10} JO Junowry mdur N [ejo, (N Sw) yndur N Jo 22.1n0g

syjusunean [[e

17 1n



Waste to Health

COMPOSTING OF ORGANIC WASTES FOR USE AS
SOIL AMENDMENT, FERTILIZER AND POTTING
MEDIA

Composting is a very popular process in the management of organic
solid wastes because: (a) it reduces the volume; (b) microorganisms
are destroyed during composting; and (c) the end product is rich
in nutrients content (Kulhman et al. 1989). Compost can be used
as fertilizer, organic soil additive and crop substrate due to its
high nutrient composition which is essential for plant growth
(Muhammad, 2000). Application of compost as fertilizer to the soil
has shown improvement in soil chemical and physical properties
and crop performance. (Hussein et al., 2006). Currently, very
limited choices of potting media are available in the market, i.e.
mainly peat, coconut coirdust (CCD) and red clay soils. Peat is one
of the traditional organic materials used extensively in ornamental
horticultural industries to prepare potting planting media. However,
peat is a finite resource and large scale peat extraction causes
environmental damage (Barber, 1993; Buckland, 1993). Compost
can be a partial or complete substitute for peat in horticulture.

Compost as Potting Media

Co-composting of oil palm wastes, particularly the empty fruit
bunch (EFB), frond and trunk, with sewage sludge could potentially
be converted into a value added product. Kala et al. (2009)
conducted a study on co-composting of different oil palm wastes
with sewage sludge for use as potting media for ornamental plants.
They found oil palm trunk with sewage sludge at 4:1 ratio to be
the most optimum compost for potting media for ornamental plants
because of its texture that is similar to peat and its high nutrient
content (2.05 % N, 0.64 % P, 1.39 % K, 0.71 % Ca, 0.23% Mg,
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pH 6.2 and low C/N ratio, 19) (Table 4). The nutrients were within
the recommended levels of the Council of European Communities
(CEC, 1986). The oil palm trunk-sewage sludge compost (OPTSC)
was tested for potted chrysanthemum production where it was
found that the OPTSC could be used as a soilless potting medium
with Agroblend (a slow release fertilizer), as a complete or partial
substitute for peat with reduced fertilizer costs (Kala et al., 2012).
This finding could contribute to converting oil palm waste and
sewage sludge into a value-added product and reduce dependency
on peat, which is a finite resource, as a potting media. Another
study was carried out by Zikri (2005) to investigate the use of
oil palm waste compost as soil amendment in Serdang series
soil polybag media for oil palm seedling growth in the first stage
nursery. Seedlings in a medium with 60% compost (lowest bulk
density, highest water retention and pH value 6.7 — 7.4) with full
and half recommended rate of compound fertilizer showed good
growth performance.
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Compost as Organic Fertilizer

Organic and sustainable farming systems require organic fertilizers
as an input to sustain soil fertility. As organic fertilizers (OF)
are complex and variable appropriate selection is important as
they have a direct influence on the organic produce. A study was
initiated to investigate the properties of a range of commercially
available organic fertilizers in Malaysia (Kala, et al., 2011). Thirty
five commercially available OFs were obtained from Klang Valley,
Selangor and Seremban. The OFs were grouped into oil-palm
waste based (OP), plant based (P), manure based (M), plant and
manure based (P+M), vermicompost (VC) based on the method
of composting, and unknown (UKN) when the source of material
was not known (either from the labels or the suppliers). Table 5
shows that there was vast variability in the chemical characteristics
and nutrient contents of the fertilizers. It is recommended that the
Department of Agriculture (DOA) have proper guidelines on the
quality of OFs used in the organic farming systems in Malaysia,
especially in standardizing the term ‘organic’ and information on
the labels.

Another form of composting is vermicomposting, which
is the production of compost using earthworms to break down
organic wastes (feedstock) and turn them into vermicast. The
vermicomposting production process is much faster as compared
to composting,, ranging from 2 weeks to 1 month (depending on
the type of feedstock), Vermicomposting also uses up less space
as the bins can be stacked and it requires no heavy machinery.
Vermicomposting can be carried out to dispose and convert
agricultural waste into a useful substance. A study was conducted
to study the potential of vermicomposting sago waste (Rosenani et
al.,2011). Production of sago starch in Malaysia is 40 000 — 50,000
metric tonnes/year from an area of 33,000 ha of sago palms. Sago
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wastes include palm fronds, tree bark and sago pith waste. The
palm fronds are commonly used as animal feed, the tree bark as
fire starters while the sago pith waste is disposed off in the river.
So, converting sago pith waste (SPW) into vermicompost can be
one of the solutions to sustainable management of sago waste.
The study showed that vermicompost produced from sago pith
wastes can have high nutrient contents (Table 6). Selected SPW
vermicomposts when used as a fertilizer for maize (as a test plant)
showed improved plant growth performance and nutrient uptake
when compared with chemical fertilizers.
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BIODEGRADABLE PACKAGING MATERIAL (BDPM)
AS PLANTING MEDIUM

Polystyrene is one of the most widely used food packaging
materials in the form of disposable plates and containers, with
global production and consumption of polystyrene (all grades) in
2009 estimated to be approximately 14.4 to 14.9 million metric
tons (World Petrochemical Report, 2010). The usage of polystyrene
is not environmentally friendly as it is made from non renewable
sources and takes hundreds of years to degrade. The styrene
compound in polystyrene is carcinogenic and can cause cancer in
the long term. Currently, there is great demand for biodegradable
packaging materials which is more environmentally friendly to
replace polystyrene. Biodegradable packaging materials (BDPM)
are packaging materials which can degrade within a period of six
months. In Malaysia, initiatives have been taken to produce plant-
derived biodegradable packaging materials especially from EFB,
tapioca starch and sugar cane bagasse. So far, only EFB derived
packaging materials are commercially available in the market. Since
these materials are plant-based and rich in nutrients, they can be
allowed to decompose in soil and the nutrients may be recycled into
the soil to be used as a planting media instead of being sent to a
landfill. During the composting process, a genuine biodegradable
plastic will be converted into carbon dioxide, water and compost,
without leaving behind any persistent or toxic residue (Unmar et
al., 2008). However, such products are still a novelty, with no prior
research available to study its feasibility. A trial was initiated to
study the chemical composition of the locally produced BDPM and
determine the rate of decomposition and effects on soil properties
of the BDPM in soil, with the objective of using it as a medium for
potted plants (Palani et al., 2011 ; Palani et al., 2013).

251m



Waste to Health

In the first study, the micronutrient concentrations in all of the
BDPMs were found to be below the permitted concentrations,
according to Korean standards, for compost. Tables 7 and 8 show
the results of the characterization of the macro and micronutrients
of the BDPMs used in this study. The second study which was the
observation during the degradation period shows that there were
significant changes in the appearance of the BDPMs. These changes
include the texture of the plates which became soft and soggy,
appearance of mold and porous surface. The observation done
through SEM shows that the fibers that made up the BDPMs
became porous at the end of the allowed degradation period.
All the BDPMs showed an increase in temperature where the
treatment with 5 whole plates showed a maximum increase of
30.6°C in the 16th week of degradation in soil. This pattern was
followed by CO, efflux from the soil where it showed an increasing
trend to a maximum of 512 mg CO, m~h"'due to microbial activity
in the soil .The efflux rate subsided to average value higher than
the ambient level of 398 mg CO? m*h! showing that degradation
is still going on in the soil.
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Table 7 Characterization of macronutrients in Biodegradable
disposable food and beverage packaging materials made from EFB,
tapioca and paper. (n=3)

Parameters Paper EFB Tapioca
pH 7.83a 7.57a 5.13b

C (%) 47.17c 51.57a 49.34b
N (%) 0.18b 0.33a 0.16b
C/N 257b 158¢ 307 a
Ca (%) 2.15% 1.38b 0.85¢
Mg(%) 0.39* 0.21b 0.03c
K(%) 0.18a 0.18a 0.13a

(Source: Palani et al., 2013)

Table 8 Characterization of micronutrients in biodegradable disposable
food and beverage packaging materials made from EFB, tapioca and

paper. (n=3)

P;:;ZT{;‘;;S Paper EFB Tapioca
Pb 1.97¢c 6.09a 5.37b
Cd 0.77a 0.50a 0.80a
Mn 7.67b 14.33a 1.33¢
Zn 8.00b 18.67a 3.67c
Fe 205b 716a 16¢
Cu 3.93ab 5.33a 2.37b
Cr 0.28a 0.08¢ 0.11b
Al 172b 319a 7.00c
Ni 5.95a 0.48c 1.42b

(Source: Palani et al., 2013)
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CONVERSION OF AGRICULTURE WASTES INTO
BIOCHAR

In the last decade, the idea of converting waste into biochar
has been gaining popularity around the world. This carbon-rich
material is made from biomass or plant material that undergoes
thermal decomposition called pyrolysis, in little or absence of
oxygen conditions. Biochar is very stable in soil for a very long
time, helps sequestrate carbon and has numerous ways to improve
soil conditions. The idea of producing and applying biochar came
from the practice of Terra preta de Indio (Indian black earth in
Portuguese) in the Amazon. The soil is dark and very fertile when
compared to the soil surrounding the site, which is less fertile
brown earth, called ferra mulata. The high fertility is due to the high
concentrations of recalcitrant (stable) charcoal produced from the
remains of cooking and firing pots or middens (domestic wastes like
animal bones, human excrements and kitchen wastes), Till today,
terra preta soils are still fertile enough to be excavated and sold as
potting media in Brazilian markets.

Biochar incorporated soil generally shows positive yield
responses for a wide range of crops and plants. The positive
response is due to both the direct and indirect nutrient properties
of biochar (Lehmann and Joseph, 2009). Biochar with high
mineral content provides additional nutrients to crops, while its
nutrient retention properties reduce loss of nutrients provided by
fertilizers, resulting in higher fertilizer efficiency. There are several
different mechanisms associated with their proposed retention of
nutrients and leaching behaviors. Amongst these are the negative
surface charge on biochar that have direct electrostatic attraction
toward positively charged ions, retaining cations and thus reducing
leaching (Liang et al., 2006), increase in microbial activity and
nutrient cycling (Steiner et al., 2008), or improved soil water
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holding capacity. Biochar production and application in agriculture
is currently being promoted worldwide and is a part of national
policies in many developed countries as it is accepted scientifically
to be the method with the highest potential for mitigation of climate
change.

Currently in UPM, there are various research studies being
conducted to study various types of biochar and their potential as
soil amendment for Malaysian soils to improve crop productivity.
Several field trials are in progress.

Improvement of soil fertility and carbon sequestration in highly
weathered acidic soils for sustainable production of vegetables
using EFB biochar

A study was carried out to investigate the potential of EFB biochar
soil amendment in improving crop yield and soil chemical properties
(Rosenani ef al., 2011b; Rosenani et al., 2012; Tan et al., 2012).
The study was carried out in two phases: (i) a glasshouse container
trial using sweet corn; and (ii) field trial with Amaranthus viridis
(Plate 2). The objective of the study was to investigate the potential
of locally produced EFB biochar in improving crop yield, nutrient
uptake and soil properties. The treatments involved four different
EFB biochar application rates: 0- (BC ), 10- (BC, ), 20- (BC, ), and
30 (BC,)) t/ha. For the sweet corn container experiment, leachate
was also collected to determine the effect of the EFB biochar
amendment on fertilizer nutrient leaching. Application of EFB
biochar was found to be able to significantly reduce the amount
of nutrient (N, K, Ca, Mg) leached out by rainfall (Table 9). Fresh
biomass of sweet corn in treatments with EFB biochar application
was shown to be 18 —24% higher as compared to treatment without
EFB biochar. Meanwhile, the incorporation of empty fruit bunch
biochar showed significant increase in fresh weight of Amaranthus
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viridis under organic production systems with poultry manure used
as the organic fertilizer. However, the increase in biochar rate was
not shown to significantly increase fresh weight of the crop.

Table 9 Effects of EFB biochar soil amendment on total nutrients
leached during the plant growth period of 56 days.

Biochar  Mineral N Soluble K Soluble Ca  Soluble Mg

(t/ha) (mg/container)
0 10076 + 1460a 4449 + 175a 4307 £ 64a 4259 +285a
10 6466 +581b 2417 £211b 2453 £236b 2334 +434b
20 4402 + 460c 1143 £ 113¢ 1113 £105¢ 1088 + 116¢
30 3447 + 193¢ 508 £58d 495 +22d 533 £ 60d

(Source: Rosenani et al., 2012)

*Means followed by the same letter within columns are not significantly different using
LSD test, P=0.05.

Plate 2 Effect of EFB biochar application on the growth of
Amaranthus viridis according to treatments

(Source: Tan et al., 2012)
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Use of biochar in rice cultivation on acid sulphate soil

Problematic soils are found throughout the world. One of the best
examples in our country is the acid sulphate soil. Acid sulphate
soil is well-known for its extreme acidity (pH < 4), caused by
the oxidation of the pyrite (FeS,) mineral when the soil water is
drained. High acidity not only creates a rather extreme condition
for most industrial crops, the acidification process also brings forth
the release of aluminium ions (Al**) from clay minerals, which
later causes toxicity to most plants and other aquatic organisms.
Amendment with biochar has shown the ability to elevate soil pH
significantly, thus improving crop yields. A research on biochar
soil amendment in an acid sulphate soil cultivated with rice showed
that application of 10 t/ha of empty fruit bunch biochar resulted
in significant increment of soil pH, and reduction of available
aluminium in the acid sulphate soil (Rosenani et al., 2013). Biochar
also shows interaction effects when incorporated with organic
fertilizer, with increase in soil pH and carbon (Table 10). Rice yields
showed a positive increment of up to 476%, together with overall
plant height, number of tillers, percentage of filled grain, weight
of 1000 grains and dry biomass, as compared with the control, at
the application rate of up to 20 t/ha of biochar.
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Table 10 Effect of EFB Biochar Application on Soil pH and Organic
Carbon Content

Crop Cycle Treatment pH C (%)
BCO 5.11 B* 1.32C

Second Crop BC10 5.63B 1.81 B
BC20 621 A 223A

BCO 524B 1.58 B

. BC10 536B 1.60 B
Third Crop BC20 6.22 A 1.90 AB
Conventional 492 B 2.18A

(Source: Rosenani et al., 2013)

*Means sharing the same letters in a column for each crop cycle are not significantly
different at P<0.05.

Sustainable biomass production of hempedu bumi (Andrographis
paniculata) through enhancement of soil health with compost
and biochar

This study was initiated to investigate the potential of compost
and biochar soil amendment in an organic production system of
Andrographis paniculata or locally known as hempedu bumi. The
study was carried out in a glasshouse pot trial using a combination
of 3 EFB biochar rates (0, 15, 30 t/ha) and 4 organic fertilizer rates
(0, 100, 200, 300 kg N/ha). The experiment showed significant
interaction effects of biochar with organic fertilizers on plant
height, number of branches, root biomass and photosynthesis rate
(Nurulhasanah et al., 2013) (Figure 6). Plant growth parameters,
soil pH and soil carbon were shown to increase with increasing rates
of biochar and organic fertilizer applied. Both biochar and organic
fertilizers promise an improvement of soil physical and chemical
properties that enhance uptake of nutrients by crops due to improved
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soil nutrient availability (Husk and Major, 2011), thus increasing
crop growth performance (Masulili et al., 2010; Sarah et al., 2013).
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Figure 6 Relationships between three rates of biochar application and
shoot dry weight of 4. paniculata when organic fertilizers were applied
at 0 kg N/ha (@), y = 12.34+ 1.42x — 0.03x2, R? = 0.67; 100 kg N/ha
(I), y=20.24+ 0.53x, R*=0.65; 200 kg N/ha (A), y=25.93 + 1.24x —
0.03x%, R?=0.41; and 300 kg N/ha (@), y=29.19+ 1.21x — 0.03x?, R? =
0.72. Optimum rates = 20 t/ha biochar; 300 kgN/ha fertilizer.

Characterization of locally produced biochar for carbon
sequestration in Malaysian agriculture soils

The characteristics of biochar depend on the feedstock and pyrolysis
process used during production. Different feedstocks and production
processes will produce biochar with differing properties as shown
by Spokas and Reicosky (2009) and Demirbas (2004). As such, each
individual biochar has to be characterized differently. In Malaysia,
potential feedstocks for biochar production are the abundant
agriculture wastes such as rice husk in rice mills and oil palm
empty fruit bunch (EFB) from palm oil mills. Being a recent novelty
in Malaysia, the locally produced biochars have not been fully
characterized as yet. A study was thus carried out to characterize
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the various biochars that are being produced commercially and also
in the laboratory. The study is currently still in progress.

Reduction of greenhouse gases and nitrogen fertilizer loss from
agriculture land using biological charcoal (biochar) as a soil
amendment.

There is limited information available on the mechanisms of EFB
biochar in retaining nitrogen fertilizers or reducing N leaching,
especially nitrate NO,, since it is negatively charged. Further, there
is also a great lack of information on its effect on N,O emissions in
upland soils. Hence, a study is currently in progress to investigate the
effects of EFB biochar on fertilizer—N recovery and N,O emissions,
using maize as the test crop in an upland cropping system.

From the results obtained so far, locally produced biochars
have shown promising results in improving soil fertility and crop
growth performance. However, a lot of research is still required
on locally produced biochars from organic wastes and their effects
on Malaysian soils and crops, and their potential for soil carbon
sequestration. Related research studies currently in progress
include:

1. Alleviation of Al and Fe toxicity and improved cation exchange
capacity for nutrient retention through biochar amendment
techniques

2. Reduction of greenhouse gases (GHG) with biochar under
flooded and upland rice cropping systems

3. Application of biochar with organic fertilizer in an organic
farming system

4. Characterization of locally produced biochars
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CONCLUSION

Sustainable management and recycling of organic wastes in
agriculture is a holistic approach which should be pursued not only
with the sole objective of converting wastes into wealth but more
seriously for its various benefits to crop production, the environment
(clean water and air, and balanced carbon cycle) and, ultimately,
human health.

REFERENCES

Baharuddin, A.S., Wakisaka, M., Shirai, Y., Abd-Aziz, S., Abdul Rahman,
N.A., and Hassan M.A. (2009). Co-Composting of Empty Fruit
Bunches and Partially Treated Palm Oil Mill Effluents in Pilot Scale.
International Journal of Agricultural Research 4(2): 69 —78.

Barber, K.E. 1993. Peatlands as scientific archives of past biodiversity.
Biodiversity and Conservation. 2: 474 — 489.

Buckland, P.C. 1993. Peatland archaelogy: A conservation resource on
the edge of extinction. Biodiversity and Conservation. 2: 513 — 527.

Council Directive. 1986. (CEC) — Council of the European Communities.
Council directive on the protection of the environment, and in
particular of the soil, when sewage sludge is used in agriculture.

Demirbas, A. 2004. Effects of temperature and particle size on biochar
yield from pyrolysis of agricultural residues. Journal of Analytical
and Applied Pyrolysis. 72: 243 — 248.

Dourado-Neto, D., Powlson, D., Abu Bakar, R., Bacchi, O.0.S., Basanta,
M.V, Thi Cong, P, Keerthisinghe, G., Ismail, M., Rahman, S.M.,
Reichardt, K., Safwat, M.S.A., Sangakkara, R., Timm, L.C., Wang,
LY., Zagal, E., and van Kessel, C. 2010. Multiseason recoveries of
organic and inorganic nitrogen-15 in tropical cropping systems. Soi/
Science Society of America Journal. 74: 139 — 152.

Fauziah, S.H., and Agamuthu, P., 2005. Pollution Impact of MSW Landfill
Leachate. Malaysia Journal of Soil Science. Vol.24(1): 31-37.

351m



Waste to Health

Government of Malaysia.. Ninth Malaysia Plan (2006-2010). Putrajaya,
Malaysia: Economic PlanningUnit,2006. Pp. 257

Hassan, M. A, and Shirai, Y. (2003). Palm biomass utilization in Malaysia
for the production of bioplastic, (www.biomass-asia-workshop.jp/
presentation_files/21_AliHas san.pdf)

Hoornweg D, Bhada-Tata P (2012). What a waste: a global review of solid
waste management. Urban development and local government unit,
World Bank, Washington DC, USA.

Husk, B., and Major, J. 2010. Biochar Commercial Agriculture Field Trial
in Quebec, Canada Report — Year three: Effect of Biochar on forage
plant biomass quantity, quality, and milk production.

Hussien, M.S., El-Sherbeny, S.E., Khalil, M.Y., Naguib, N.Y., and
Aly, S.M. 2006, Growth character and chemical constituents of
Dracocephalum moldavica L. plants in relation to compost fertilizer
and planting distance. Scientia Horticulturae. 108: 322 —331.

Kala D.R., Rosenani, A.B., Thohirah, L.A., Fauziah, C.I., and Ahmad, S.H.
2012, Oil palm waste-sewage sludge compost as a peat substitute in
a soilless potting medium for Chryssanthemum. Global Journals of
Science Frontier Research. 12.

Kala, D.R., Rosenani A.B., Fauziah, C.I., and Thohirah L.A. 2009.
Composting Oil Palm Wastes and Sewage Sludge for Use in Potting
Media of Ornamental Plants. Malaysian Journal of Soil Science. 13:
77 -9.

Kala, D.R., Rosenani, A.B., Fauziah, C.I., Ahmad, S.H., Radziah, O., and
Rosazlin, A. 2011. Commercial organic fertilizers and their labeling
in Malaysia. Malaysian Journal of Soil Science. 15: 147 — 157.

Khalil, M. 1., Rosenani, A. B., Van Cleemput., O., Fauziah., C. 1., and
Shamshuddin, J. 2001. Nitrogen management in a maize-groundnut
crop rotation of humid tropics: Effect on N2O emission. The Scientific
World. 1(S2): 320 — 327.

Khalil, M.1., Rosenani, A.B., Van Clemmput, O., Fauziah, C.I., and
Shamsuddin, J. (2002). Nitrous oxide emissions from an ultisol of the
humid tropics under maize-groundnut rotation. Journal of Environment

0l 36



Rosenani Abu Bakar

Quality. 31: 1071 - 8.

Kulhman, L.R., Dale, B., Groenhof, A.C., and Young, T.EE. 1989. Windrow
Composting of sewage sludge and other wastes.

Lehmann, J. and Joseph, S. 2009. Biochar for Environmental Management:
An Introduction. (Eds.) Lehmann, J. and Joseph, S. Biochar for
Environmental Management. Science and Technology. London:
Earthscan

Liang, B., Lehmann, J., Solomon, D., Kinyangi, J., Grossman, J., O’Neill,
B., Skjemstad, J.O., Thies, J., Luizao, F.J., and Neves, E.G. 2006. Black
carbon increases cation exchange capacity in soils. Soil Science Society
of America Journal. Vol 70, pp1719 — 1730.

Malaysian Oil Palm Board (2013). Overview Of The Malaysian Oil Palm
Industry 2012. Economics & Industry Development Division, MPOB.
p 1 — 5. Available at the Malaysian Oil Palm Board webpage: http://
Www.mpob.gov.my.

Masulili, A., Utomo, W.H., and Syechfani, M.S. 2010. Rice husk biochar
for rice based cropping system in acid soil 1. The characteristics of rice
husk biochar and its influence on the properties of acid sulphate soils

and rice growth in West Kalimantan, Indonesia. Journal of Agriculture
Science. 2(1): 39 —47.

Menon, N.R., Zulkifli, A.R. and Nasrin, A.B. 2003. Empty Fruit Bunches
Evaluation: Mulch in Plantation vs. Fuel for Electricity Generation.
Oil Palm Industry Economic Journal 3(2): 15 — 20.

Mohammed, 2000. The fertilizer management of Oil Palm. In 9¢4 Oil Palm
Plantation Management Conference. MPOB, Bangi.

Mubarak, A.R, Rosenani, A.B., Zauyah, S.D., and Anuar, A.R. 2003a.
Recovery of 15N from maize residues and inorganic fertilizer in

maize — groundnut rotation system. Communications in Soil Science
and Plant Analysis. 34: 1 - 20.

Mubarak, A.R, Rosenani, A.B., Zauyah, S.D., and Anuar, A.R. 2003b.
Soil organic matter fractions in the humid tropics as influenced by

371



Waste to Health

application of crop residues. Communications in Soil Science and
Plant Analysis. 34: 933 —943.

Mubarak, A.R, Rosenani, A.B., Zauyah, S.D., and Anuar, A.R. 2003c.
Effect of incorporation of crop residues on maize — groundnut sequence
in the humid tropics. I: Yield and nutrients Uptake. Journal of Plant
Nutrition. 26: 2343 — 2364.

Mubarak, A.R, Rosenani, A.B., Zauyah, S.D., and Anuar, A.R. 2003d.
Effect of incorporation of cop residues on maize — groundnut sequence
in the humid tropics. II: Soil physical and chemical properties. Journal
of Plant Nutrition. 26: 1841 — 1858.

Mubarak, A.R. and Rosenani A.B. 2003a. Nitrogen mineralization from
above and below ground crop residues. Journal of Agricultural Science.
12: 48 — 66.

Mubarak, A.R. and Rosenani A.B. 2003b. The contribution of crop residues
in sustainable production of maize and groundnut in a crop rotation
system. Agro-Search. 10 (1&2).

Nadi, B., Rodzi, A., Pirasteh, S., Shamshiry, E., and Mokhtar, M.B., 2011.
Challenges of solid waste management in Malaysia. Research Journal
of Chemistry and Environment. Vol 15(2)

Nurulhasanah, I., Rosenani, A.B., Ahmad, S.H., and Siti Aishah, H. 2013.
Growth performance of Andrographis paniculata and soil properties
as influenced by biochar soil amendment in an organic system. In 5t/
Global Summit on Medicinal and Aromatic Plants. 8 — 12 December
2013. Miri, Sarawak.

Palani M., Rosenani, A.B., Hajar, S.A. and Halimi, M.S. Decomposition
of biodegradable disposal food and beverage packaging materials in
soil and conversion into a planting medium. Good Agriculture Practice
(GAP) For Soil Health Sustainability, In Proceedings of Soils, Soil
Science Conference of Malaysia. 16 — 18 April 2013. Bukit Gambang,
Pahang.

038



Rosenani Abu Bakar

Palani M., Rosenani, A.B., Hajar, S.A., Halimi, M.S., and Kala, D.R. 2013
Decomposition of biodegradable disposal food and beverage packaging
materials in soil and conversion into a planting medium. Soil Fertility
and Plantation Productivity.

Rosenani A.B and Mohd Zikri O. 2006. Utilization of oil palm waste
compost in polybag medium for oil palm seedling. Soils 2006:

Strategies for enhanced soil and crop quality. Kuantan. 18-20 April
2006.

Rosenani A.B. and Hoe, S.F. 1996. Decomposition of oil palm empty
fruit bunches in the field and mineralization of N. In Progress in
Nitrogen Cycling Studies (Eds. Van Cleemput et al.). Kiuwer Academic
Publishers, Netherlands. p. 127-132.

Rosenani A.B., Kadir, J., Elton, T., and Yeow, J.S. 2012. Vermicomposting
of sago waste (Metroxylan Sagu) using earthworm (Eisenia Foetida)
and its comparison with locally produced vermicompost from
different feedstocks. In Proceedings of the Soil Science Conference
of Malaysia 2012: Soil Quality towards Sustainable Agriculture
Production. Renaissance Hotel, Kota Bharu, Kelantan. 10-12 April
2012, Pgl62-167.

Rosenani, A.B. and Wingkis, R. 1999. Empty Fruit Bunch Application to
Newly Transplanted Oil Palm: Its Decomposition and Nutrient Release.
In Proceedings Soil Science Conference of Malaysia, 20 — 21 April,
1999, Seremban.

Rosenani, A.B., Ahmad, S.H., Esak, K.A., Ishak, N., Lim, C.T., Tang, T.P.
and Tan, W.L. 2013. Comparison of Rice Crop Performance under
SRI and Conventional Systmes. In Proceedings of the 2nd National
Conference System of Rice Intensification (SRI 2013), Lumut, Perak,
11-13 Jun 2013.

Rosenani, A.B., Ahmad, S.H., Nurul Adila, S., and Tan, W.L. 2011b.
Biochar as a soil amendment to improve crop yield and soil carbon
sequestration. In Proceedings of the First International Symposium

on Organic Matter Management and Compost Use in Horticulture.
4th — 7th April, Adelaide, South Australia, Australia.

391m



Waste to Health

Rosenani, A.B., Ahmad, S.H., Nurul, A.S., Khairunnisa, M.Y., Tan,
W.L., and Lee, S.C.K. 2012. Biochar as a soil amendment to improve
crop yield, soil health and carbon sequestration for climate change
mitigation. In Proceedings of the Soil Science Conference of Malaysia
2012: Soil Quality towards Sustainable Agriculture Production.
Renaissance Hotel, Kota Bharu, Kelantan.

Rosenani, A.B., Zahidah, R., Ahmad, S.H., Jalili Seh-Bardan, B., and
Coulter, C. 2013. Effect of empty fruit bunch biochar on rice cultivation
in an acid sulphate soil system of rice intensification. In Proceedings
of Soils 2013. Soil Science Conference of Malaysia 2013. 16th — 18th
April, Bukit Gambang Resort City, Gambang, Pahang.

Rosenani, A.B., Zauyah, S., Kulaseharan, S., and Jamaluddin, N. 2011a.
Effects of Ten Year Application of Empty Fruit Bunches in an Oil
Palm Plantation on Soil Chemical Properties. Nutrient Cycling in
Agroecosystems. 89: 341-349.

Rosenani. A.B., Mubarak, A.R., and Zauyah, S.D. 2003. Recycling of
crop residues for sustainable crop production in maize-groundnut
rotation system. In Management of Crop Residues for Sustainable
Crop Production, IAEA — TECDOC — 1354, Vienna, Austria.

Sarah, C., Simon, S., Saran, S., Tan, B.S., and Stephen, H. 2013. The
impact of biochar application on soil properties and plant growth
lettuce (Lactuca sativa) and cabbage (Brassica chinensis). Agronomy
Journal. 3: 404 — 418.

Spokas, K.A. and Reicosky, D.C. 2009. Impacts of sixteen different
biochars on soil greenhouse gas production. Annals of Environmental
Science. 3: 179 — 193.

Steiner, C., Glaser, B., Teixeira, W.G., Lehmann, J., Blum, W.E.H., and
Zech, W. 2008. Nitrogen retention and plant uptake on a highly
weathered central Amazonian Ferralsol amended with compost and
charcoal. Journal of Plant Nutrition and Soil Science. Vol 171, pp893
—899.

il 40



Rosenani Abu Bakar

Sumathi, S., Chai, S.P,, and Mohamed, A.R. 2008. Utilization of oil palm as
a source of renewable energy in Malaysia. Renewable and Sustainable
Energy. 12: 2404 — 2421.

Syed, A., 2010. Managing Solid Waste A Common Responsibilty,
Bernama.com.

Tan W.L., Rosenani A.B., Ahmad S.H., and Ishak C.F. 2012. Oil palm
empty fruit bunch biochar:characterization and potential usage as soil
amendment for its nutrient retention capacity in soil. In Proceedings
of the 4th International Biochar Congress: Road to Richer Food and
Safer Environment, Beijing, China, 16-20 September 2012.

The Star. 2010. http://www.thestar.com.my/story.aspx/?file=%2{2010%
2f11%2£1%2fnation%2f7281474&sec=nation

Unmar, G. and Mohee, R. 2008. Assessing the effect of biodegradable and
degradable plastics on the composting of green wastes and compost
quality. Review Article Bioresource Technology, 99: 6738 — 6744.

Wan Asma, 1., Wan Rasidah, K., Rosenani, A.B., Aminuddin, H., and
Rozita, A. 2011. Effects of mulching and fertiliser in nutrient dynamics

of sand tailing growth with acacia hybrid seedlings. Journal of Tropical
Science. Vol. 23: pp 440-452.

Wan Azlina, W.A K., Reza, A.M., and Mohamad Amran, M.S., 2011. Air
gasification of Malaysia agricultural waste in a fluidized bed gasifier:
Hydrogen production performance. In Books: Sustainable growthh
and applications in renewable energy sources edited by Dr. Majid
Nayeripour. INTECH.

World Petroleum Report, 2010. Available at the website of Organization of
the Petroleum Exporting Countries. http://www.opec.org/opec_web/
en/publications/340.htm

Zaharah A .R., Sharifuddin H.A.H., and Ahmad Sahali M. (1989) Fertilizer
placement studies in mature oil palm using isotope technique. The
Plant Kuala Lumpur 65: 384 — 388

Zamali, T., Mohd, L.A., and Abu, O.M.T., 2009. An Overview of Municipal
Solid Wastes Generation in Malaysia. Jurnal Teknologi. Vol. 51,pp.
1-15

41






Rosenani Abu Bakar

BIOGRAPHY

Rosenani Abu Bakar [PhD, Prof.] was born on the 19th of
March 1954 in Kedah, Malaysia. After graduation with a B.Sc.
Agriculture from Universiti Pertanian Malaysia in 1978, she went
on to further her studies at University of Ghent, Belgium, under a
Belgian government scholarship, for her M.Sc. in Soil Chemistry.
She embarked on her career as a lecturer in August 1980 at the
Department of Soil Science, Faculty of Agriculture, Universiti
Pertanian Malaysia, and later obtained her PhD. in Soil Chemistry
and Plant Nutrition in 1990 from the University of Reading. She
has served Universiti Putra Malaysia (UPM) for 34 years (1980 —
March 2014). She is an expert and resource person, specifically in
the fields of nitrogen and carbon cycles and organic waste recycling
in sustainable agriculture.

As a lecturer, Rosenani taught diploma and undergraduate
courses in Introductory Soil Science and Advance Soil Chemistry.
Later, she was involved in developing and teaching the Land
Contamination and Pollution course for M.Sc. programmes, and
more recently an elective undergraduate course, ‘Organic Production
System’. She was awarded the Excellent Teaching Award from the
Faculty of Agriculture, UPM in 2007. She also supervised final year
student projects (to date 57 undergraduate students have completed
their final year projects under her supervision) and postgraduates.
To date, 4 PhD and 6 MSc. students have graduated under her
supervision (as chairman of supervisory committees) and she has
also co-supervised 4 PhD and 7 MSc. students. Currently, she is
the chairman of supervisory committees of 2 PhD. and 7 MSc.
students.

As a researcher, recycling of organic wastes in sustainable
agriculture and nitrogen and carbon cycles are her subjects of interest.
To date, she has completed 11 government funded research projects
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as the project leader and 7 research projects as a co-researcher. She
has also received research grants to work on utilization of oil palm
wastes as a mulch and in composting for conversion into organic
fertilizers and soilless media under IRPA (1992-2006). She and her
co-workers received a silver medal for work on the EFB mulch mat
at the International Invention, Innovation and Technology Exhibition
(ITEX) 2006 in Kuala Lumpur. After year 2006, her research work
was focused on organic soil amendment and fertilizers in organic
farming systems. Most recently, her research focused on the use of
biochar (biological charcoal) as a soil amendment for improvement
of crop production (vegetables in conventional and organic systems,
rice and medicinal herbs) and soil carbon sequestration. In 2013,
she was jointly awarded, with several other researchers, with grants
under the NKEA Research Grant Scheme (NRGS) for research on
improvement of biomass production of medicinal herbs, hempedu
bumi (as a co-researcher ) and on organic production of dukung
anak, misai kucing and hempedu bumi (as project leader).
Rosenani also received international research grants, i.e. from
Southeast Asia Regional Centre for START (SARCS) and the
European Union for research on greenhouse gas emissions (1993-
1997), and established research links with international institutions,
in collaborative projects: with the Rothamsted Experimental Station,
UK (British Council CICHE programme, 1997-2000) on organic
farming, and International Atomic Energy Agency (IAEA Vienna,
1982-84; 1996 -2000) on Azolla in rice systems and recycling of
crop residues and sewage sludge in agricultural land. In April 2012,
she was awarded, along with other workers, a research grant (EU
94,000) for a collaborative project, UPM - Leibniz-Institute for
Agriculture Engineering Potsdam-Bornim (ATB), Germany, on
the use of biochar to reduce nutrient leaching and N20 emission,
and crop growth improvement. She has also conducted 3 contract
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research projects awarded by the Indah Water Konsortium (1999-
2000), CCM Fertilizer Sdn. Bhd. (2006) and Aretae Pte Ltd, a
Singapore-based consultancy company (2008).

In consultancy work, Rosenani was appointed as an advisor
to the Department of Agriculture (1998) on the use of Azolla
for sustainable rice cultivation; assessment of industrial organic
waste as an organic fertilizer (Meridian World Sdn. Bhd, 2006),
rice straw and rice husk decomposition (LFGC Corporation Ltd.,
2007), and currently as a technical advisor for manure management
in Zoo Negara (since 2013). Her expertise and interests have also
been generously shared with the Malaysian public while doing her
extensive work in the field or as an expert and participant in several
national exhibitions (e.g. MAHA).

Throughout her engagement in academic activities, she has
written and co-authored 63 papers in peer reviewed journals, a few
documented technical reports and presented a total of 103 papers
in local and international conferences. She also co-authored a book
entitled “Application of sewage sludge on an acid tropical soil: crop
response, heavy metals uptake and accumulation in the soil” (LAP
LAMBERT Academic Publisher, Germany)., and has two chapters
inbooks, i.e. ‘Application of biochar as a soil amendment to improve
crop yield and soil carbon sequestration’ in Advances in Tropical
Soils Volume 1, UPM (as main author) and ‘Golden apple (Spondias
dulcis Forst. syn .Spondias cytherea Sonn)’ in Postharvest Biology
and Technology of Tropical and Subtropical Fruits, Elhadi M. Yahia
(Ed), Woodhead Publiser, UK (as co-author). For the Long Distance
Learning B.Sc. Agric. Programme, she has written two modules,
i.e. ‘Introduction to Soil Science’ and ‘Sustainable Agriculture’.
Apart from academic publications, she has also written 17 articles
(from 2003-2008) in the LamanAsia magazine, a popular quarterly
publication on gardening for the general public.

451n



Waste to Health

Being a committed and active academician and researcher, she
has been a member of several university, faculty and departmental
committees for curriculum, research and postgraduate studies. At
present, she is a member of the UPM Committee for Research
Grant Evaluation, UPM (since 2013) and UPM Steering Committee
for ISO1400 (since 2012), co-ordinator for Faculty of Agriculture
MOU with East Asian institutions, member of Committee for the
Master of Land Agriculture Resources Management Programme
(LARM), and member of Committee for Long Distance Learning
for the B.Sc.Agric. programme. She is also a resource person and
trainer for ‘Organic Farming’ courses conducted by Taman Pertanian
Universiti (TPU) and the University Community Transformation
Center (UCTC), UPM (since 2012). Being active in research
on biochar and System of Rice intensification (SRI), she was
appointed as UPM representative in the UPM - FELCRA Research
Collaboration on SRI Rice production.

Her commitment towards her research has also translated into
active involvement in several local and international professional
societies, such as the Malaysian Soil Science Society (member of
management committee in 1982/83 and 1990/93), Environmental
Management and Research Association (ENSEARCH), Malaysian
Society of Plant Physiology, International Horticulture Society,
International Biochar Initiative, International Soil Science Society,
International Society of South East Asia Agricultural Sciences
(ISSAAS), and member of Executive Committee SRI Mas. She
served as the chairman of the organizing committee of the 2nd
National System of Rice Intensification (SRI) Conference in
February 2013 and chairman of the Organizing Committee of
Workshop on Efficient Management on Natural Resources in
Rice Cultivation, 19 May 2014. Currently, she is also the Protem
President of the newly registered Biochar Malaysia Association
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(BMA). Apart from being a member of professional bodies, she
has also contributed to the community as a member of the Board
of Muzium Alam Shah, Selangor for two terms (1996 — 2000)
and was rewarded with the Ahli Mahkota Selangor medal by the
Sultan of Selangor in 1999. She was also an Executive Committee
member of PUSPANITA (an association for women in government
agencies), Ministry of Science, Technology and Environment and
also the chairman for PUSPANITA National Remote Sensing Centre
(1990-2006).

She officially retired from government service on 19 March
2014, but due to her commitment to teaching, research and
supervision of postgraduate students, her service to UPM has been
extended for two years as a Contract Professor.
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Lessons from Malaysia's Experience
22 Jun 2007
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99.

100

101.

102.

103.

104.

105.

106.

107.

Prof. Dr. Mad Nasir Shamsudin
Econometric Modelling for Agricultural
Policy Analysis and Forecasting:
Between Theory and Reality

13 July 2007

. Prof. Dr. Zainal Abidin Mohamed
Managing Change - The Fads
and The Realities: A Look at
Process Reengineering, Knowledge
Management and Blue Ocean
Strategy
9 November 2007

Prof. Ir. Dr. Mohamed Daud
Expert Systems for Environmental

Impacts and Ecotourism Assessments
23 November 2007

Prof. Dr. Saleha Abdul Aziz
Pathogens and Residues;, How Safe is
Our Meat?

30 November 2007

Prof. Dr. Jayum A. Jawan
Hubungan Sesama Manusia
7 Disember 2007

Prof. Dr. Zakariah Abdul Rashid
Planning for Equal Income
Distribution in Malaysia: A General
Equilibrium Approach

28 December 2007

Prof. Datin Paduka Dr. Khatijah
Yusoff

Newcastle Disease virus: A Journey
from Poultry to Cancer

11 January 2008

Prof. Dr. Dzulkefly Kuang Abdullah
Palm Oil: Still the Best Choice
1 February 2008

Prof. Dr. Elias Saion

Probing the Microscopic Worlds by
Lonizing Radiation

22 February 2008



108.

109.

110.

111.

112.

113.

114.

115.

116.

Rosenani Abu Bakar

Prof. Dr. Mohd Ali Hassan
Waste-to-Wealth Through
Biotechnology: For Profit, People and
Planet

28 March 2008

Prof. Dr. Mohd Maarof H. A. Moksin
Metrology at Nanoscale: Thermal
Wave Probe Made It Simple

11 April 2008

Prof. Dr. Dzolkhifli Omar

The Future of Pesticides Technology
in Agriculture: Maximum Target Kill
with Minimum Collateral Damage
25 April 2008

Prof. Dr. Mohd. Yazid Abd. Manap
Probiotics: Your Friendly Gut Bacteria
9 May 2008

Prof. Dr. Hamami Sahri

Sustainable Supply of Wood and
Fibre: Does Malaysia have Enough?
23 May 2008

Prof. Dato’ Dr. Makhdzir Mardan
Connecting the Bee Dots
20 June 2008

Prof. Dr. Maimunah Ismail
Gender & Career: Realities and
Challenges

25 July 2008

Prof. Dr. Nor Aripin Shamaan
Biochemistry of Xenobiotics:
Towards a Healthy Lifestyle and Safe
Environment

1 August 2008

Prof. Dr. Mohd Yunus Abdullah
Penjagaan Kesihatan Primer di
Malaysia: Cabaran Prospek dan
Implikasi dalam Latihan dan
Penyelidikan Perubatan serta
Sains Kesihatan di Universiti Putra
Malaysia

8 Ogos 2008

117.

118.

119.

120

121.

122.

123.

124.

Prof. Dr. Musa Abu Hassan
Memanfaatkan Teknologi Maklumat
& Komunikasi ICT untuk Semua

15 Ogos 2008

Prof. Dr. Md. Salleh Hj. Hassan
Role of Media in Development:
Strategies, Issues & Challenges
22 August 2008

Prof. Dr. Jariah Masud
Gender in Everyday Life
10 October 2008

Prof. Dr. Mohd Shahwahid Haji
Othman

Mainstreaming Environment:
Incorporating Economic Valuation
and Market-Based Instruments in
Decision Making

24 October 2008

Prof. Dr. Son Radu

Big Questions Small Worlds:
Following Diverse Vistas

31 Oktober 2008

Prof. Dr. Russly Abdul Rahman
Responding to Changing Lifestyles:
Engineering the Convenience Foods
28 November 2008

Prof. Dr. Mustafa Kamal Mohd
Shariff

Aesthetics in the Environment an
Exploration of Environmental:
Perception Through Landscape
Preference

9 January 2009

Prof. Dr. Abu Daud Silong
Leadership Theories, Research
& Practices: Farming Future
Leadership Thinking

16 January 2009
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126.

127.

128.

129.

130.

131.

132.

133.

134.

Waste to Health

Prof. Dr. Azni Idris

Waste Management, What is the
Choice: Land Disposal or Biofuel?
23 January 2009

Prof. Dr. Jamilah Bakar
Freshwater Fish: The Overlooked
Alternative

30 January 2009

Prof. Dr. Mohd. Zobir Hussein

The Chemistry of Nanomaterial and
Nanobiomaterial

6 February 2009

Prof. Ir. Dr. Lee Teang Shui
Engineering Agricultural: Water
Resources

20 February 2009

Prof. Dr. Ghizan Saleh

Crop Breeding: Exploiting Genes for
Food and Feed

6 March 2009

Prof. Dr. Muzafar Shah Habibullah
Money Demand
27 March 2009

Prof. Dr. Karen Anne Crouse
In Search of Small Active Molecules
3 April 2009

Prof. Dr. Turiman Suandi
Volunteerism: Expanding the
Frontiers of Youth Development
17 April 2009

Prof. Dr. Arbakariya Ariff
Industrializing Biotechnology: Roles
of Fermentation and Bioprocess
Technology

8 Mei 2009

Prof. Ir. Dr. Desa Ahmad
Mechanics of Tillage Implements
12 Jun 2009
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135.

136.

137

138

139.

140.

141.

142.

143.

144.

Prof. Dr. W. Mahmood Mat Yunus
Photothermal and Photoacoustic:
From Basic Research to Industrial
Applications
10 Julai 2009

Prof. Dr. Taufiq Yap Yun Hin
Catalysis for a Sustainable World
7 August 2009

Prof. Dr. Raja Noor Zaliha Raja Abd.
Rahman

Microbial Enzymes: From Earth to
Space

9 Oktober 2009

Prof. Ir. Dr. Barkawi Sahari
Materials, Energy and CNGDI
Vehicle Engineering

6 November 2009

Prof. Dr. Zulkifli Idrus

Poultry Welfare in Modern
Agriculture: Opportunity or Threat?
13 November 2009

Prof. Dr. Mohamed Hanafi Musa
Managing Phosphorus: Under Acid
Soils Environment

8 January 2010

Prof. Dr. Abdul Manan Mat Jais
Haruan Channa striatus a Drug
Discovery in an Agro-Industry Setting
12 March 2010

Prof. Dr. Bujang bin Kim Huat
Problematic Soils: In Search for
Solution

19 March 2010

Prof. Dr. Samsinar Md Sidin
Family Purchase Decision Making:
Current Issues & Future Challenges
16 April 2010

Prof. Dr. Mohd Adzir Mahdi
Lightspeed: Catch Me If You Can
4 June 2010



145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Rosenani Abu Bakar

Prof. Dr. Raha Hj. Abdul Rahim
Designer Genes: Fashioning Mission
Purposed Microbes

18 June 2010

Prof. Dr. Hj. Hamidon Hj. Basri
A Stroke of Hope, A New Beginning
2 July 2010

Prof. Dr. Hj. Kamaruzaman Jusoff
Going Hyperspectral: The "Unseen"
Captured?

16 July 2010

Prof. Dr. Mohd Sapuan Salit
Concurrent Engineering for
Composites

30 July 2010

Prof. Dr. Shattri Mansor
Google the Earth: What's Next?
15 October 2010

Prof. Dr. Mohd Basyaruddin Abdul
Rahman

Haute Couture: Molecules &
Biocatalysts

29 October 2010

Prof. Dr. Mohd. Hair Bejo

Poultry Vaccines: An Innovation for
Food Safety and Security

12 November 2010

Prof. Dr. Umi Kalsom Yusuf
Fern of Malaysian Rain Forest
3 December 2010

Prof. Dr. Ab. Rahim Bakar
Preparing Malaysian Youths for The
World of Work: Roles of Technical
and Vocational Education and
Training (TVET)

14 January 2011

Prof. Dr. Seow Heng Fong

Are there "Magic Bullets" for Cancer
Therapy?

11 February 2011

155.

156.

157.

158.

159.

160.

161.

162.

163.

Prof. Dr. Mohd Azmi Mohd Lila
Biopharmaceuticals: Protection,
Cure and the Real Winner

18 February 2011

Prof. Dr. Siti Shapor Siraj
Genetic Manipulation in Farmed
Fish: Enhancing Aquaculture
Production

25 March 2011

Prof. Dr. Ahmad Ismail

Coastal Biodiversity and Pollution: A
Continuous Conflict

22 April 2011

Prof. Ir. Dr. Norman Mariun

Energy Crisis 2050? Global Scenario
and Way Forward for Malaysia

10 June 2011

Prof. Dr. Mohd Razi Ismail
Managing Plant Under Stress: A
Challenge for Food Security

15 July 2011

Prof. Dr. Patimah Ismail

Does Genetic Polymorphisms Affect
Health?

23 September 2011

Prof. Dr. Sidek Ab. Aziz
Wonders of Glass: Synthesis,
Elasticity and Application
7 October 2011

Prof. Dr. Azizah Osman

Fruits: Nutritious, Colourful, Yet
Fragile Gifts of Nature

14 October 2011

Prof. Dr. Mohd. Fauzi Ramlan
Climate Change: Crop Performance
and Potential

11 November 2011
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165.

166.

166.

167.

168.

169.

170.

171.

Waste to Health

Prof. Dr. Adem Kiligman
Mathematical Modeling with
Generalized Function

25 November 2011

Prof. Dr. Fauziah Othman

My Small World: In Biomedical
Research

23 December 2011

Prof. Dr. Japar Sidik Bujang
The Marine Angiosperms, Seagrass
23 March 2012

Prof. Dr. Zailina Hashim
Air Quality and Children's

Environmental Health: Is Our Future

Generation at Risk?
30 March 2012

Prof. Dr. Zainal Abidin Mohamed
Where is the Beef? Vantage Point
form the Livestock Supply Chain

27 April 2012

Prof. Dr. Jothi Malar Panandam
Genetic Characterisation of Animal
Genetic Resources for Sustaninable
Utilisation and Development
30 November 2012

Prof. Dr. Fatimah Abu Bakar

The Good The Bad & Ugly of Food
Safety: From Molecules to Microbes
7 Disember 2012

Prof. Dr. Abdul Jalil Nordin

My Colourful Sketches from Scratch:

Molecular Imaging
5 April 2013

Prof. Dr. Norlijah Othman
Lower Respiratory Infections in
Children: New Pathogens, Old
Pathogens and The Way Forward
19 April 2013
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172.

173.

174.

175.

176.

177.

178.

179.

180.

18

—

Prof. Dr. Jayakaran Mukundan
Steroid-like Prescriptions English
Language Teaching Can Ill-afford
26 April 2013

Prof. Dr. Azmi Zakaria
Photothermals Affect Our Lives
7 Jun 2013

Prof. Dr. Rahinah Ibrahim
Design Informatics
21 Jun 2103

Prof. Dr. Gwendoline Ee Cheng
Natural Products from Malaysian
Rainforests

1 November 2013

Prof. Dr. Noor Akma Ibrahim
The Many Facets of Statistical
Modeling

22 November 2013

Prof. Dr. Paridah Md. Tahir
Bonding with Natural Fibres
6 Disember 2013

Prof. Dr. Abd. Wahid Haron
Livestock Breeding: The Past, The
Present and The Future

9 Disember 2013

Prof. Dr. Aziz Arshad

Exploring Biodiversity & Fisheries
Biology: A Fundamental Knowledge
for Sustainabale Fish Production

24 Januari 2014

Prof. Dr. Mohd Mansor Ismail
Competitiveness of Beekeeping
Industry in Malaysia

21 Mac 2014

. Prof. Dato' Dr. Tai Shzee Yew

Food and Wealth from the Seas:
Health Check for the Marine
Fisheries of Malaysia

25 April 2014



