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ABSTRACT : Solid waste and land degradation are two main problem faced by oil palm
plantation in mineral soils. In order to get rid of these difficulties, a field experiment has
conducted at re- planting stage of oil palm in PT. Tidar Kerinci Agung plantation. The
objective of this study is to examine the potentiality of biochar made from empty bunch of oil
palm on soil quality. Fifteen plots of 100 square meters were applied with the dose of 0.0, 2.5,
5.0, 7.5 and 10.0 Mg/ha biochar, respectively. The results show the treatment increase soil
organic matter, total pore space, water holding capacity and cation exchange capacity. On the
other hand, soil bulk density found decrease significantly along with the treatment. These
results indicated that application of biochar might be a better choice for sustainable oil palm
plantation in mineral soil.
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INTRODUCTION

Palm oil is the world’s most
traded vegetable oil: in August 2012,
the share of palm oil (including kernel
oil) in world supply was 37.6% (USDA,
2012). Palm oil is extracted from the fruit
of the oil palm tree (Elaeis guineensis); the
main products are crude palm oil (CPO)
and palm kernel oil (PKO). In terms of
land use, the oil palm tree is more
efficient than any other oil crop (Corley
and Tinker, 2002), and in economic terms
palm oil is highly competitive. The value
chain of palm oil and its derivatives has a
strong degree of vertical integration
(World Bank, 2011), and its production
costs are relatively low compared to other
vegetable oils. It is therefore seen as one
of the cheapest and most attractive
vegetable oils traded on the world
market (Tan et al, 2009; McCarthy and
John, 2010).

Palm oil, being a multi-purpose
vegetable oil, offers good prospects for
further expansion. There is a growing
demand from the commercial food and
oleo-chemical industries that use oil palm
in processed foods, cosmetics, soaps,
pharmaceuticals, industrial and agro-
chemical products, and as a feedstock for
bio-diesel. The growing worldwide
interest in bio-diesel as an alternative to
fossil fuel is expected to lead to the further
expansion oil palm plantation (Edward et
al, 2010; Koh and Ghazoul, 2008, Germer
and Sauerborn, 2008). Oil palm becomes
the most important commodity from sub-
sector plantation, which may contribute in
Indonesian economy as a whole. Since the
price of crude palm oil (CPO) and kernel
palm oil (PKO) rise up in global market,
Indonesia government encourage to
expand oil palm plantation and increase
their productivity as well.
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Directorate general of plantation,
Department of Agriculture (2014)
reported that Indonesia has more than
10.9-million-hectare  (ha) oil palm
plantation and produce 29.3 million tons
CPO, where 281,754 ha of them located
in West Sumatra, which produce
1,082,823 tons CPO.

Continuous cropping of annual
cash crop, such as oil palm could lead
into decreasing in soil organic matter
(SOM). The SOM content is a key of soil
quality, which indicates the sustainability
oil palm farming system. Deterioration of
SOM will be resulted in increasing of soil
bulk density, decreasing in total pore
space and soil permeability, which
lowering nutrient uptake efficiency
(Reeves, 2007). On the other hand, the
CPO production processes created solid
waste for more than 60% of fresh fruit
bunch (FFB). This solid waste managed
by put them on the surface of the land
(as organic mulch). Brady and Weil
(2003) stated that about 80% of
decomposable organic matter would
convert into CO> through mineralization
process. The better way for organic
matter application is using them as
biochar.

Addition of biochar to agricultural
soils has been proposed as means to
improve soil fertility, and mitigate climate
change (Lehmann, 2007) through
increased soil carbon storage (Lehmann
et al, 2006; Fowles, 2007). The amount of
oil palm solid waste production in West
Sumatra is more than 4.5 million tons per
year and tends to increase as oil palm
plantation is enlarging in this area. Since
application of decomposable organic
mater will enhance CO; emission, this
solid waste can be applied as biochar into
the soil. The main objective of this study is
to examine the capability of empty bunch

palm oil biochar to improving land
quality.

MATERIALS AND METHODS

This study was carried out at PT.
Tidar Kerinci Agung, the largest oil palm
plantation in West Sumatra. The study
site located at 001°31'39.2” S; 101°30°'55.6”
E, about 200 km South of Padang
Eighteen of 15 m x 15 m plots were
established at one month old of oil palm
replanting area. The plots were applied
with 0.0, 56.0, 112.5, 168.7, 225.0 and 337.5
kg biochar (equal to 0.0, 2.5, 5.0, 7.5, 10.0
and 15.0 Mg ha') with three replications.
Application of biochar conducted by
mixed them manually with topsoil
material by using hoe. The first composite
and undisturbed (core) soil samples were
taken at topsoil (0-20 cm) and subsoil (20-
40 cm), one week after treatment. After
sampling was continue once a month for
10 months consecutively. The data
presented in this paper is for the fourth
sample, which had taken at three months
after treatment.

Laboratory Analyses

Total carbon and nitrogen. Air-
dried soil samples were ground and
passed through a 2 mm sieve and stored
in plastic boxes for laboratory analyses.
Finely ground soil samples were oven
dried at 80°C for about 24 hours. Total
carbon and nitrogen were determined by
dry combustion method (Nelson and
Sommers, 1982) using Yanaco CN Corder
Model MT-700 (Yanagimoto MFG. Co.
Ltd., Kyoto, Japan).

Bulk density, total pore space,
water holding capacity and pH. Bulk
density of a soil was calculated by using
the sample in a 100 cm>-core. After oven
dried at 105°C for about 72 hours, the
weight of soil per core sample volume
(100 cm®) was measured. Total pore
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space of soil determined gravimetrically
by using the same sample for bulk density
analyses. Water holding capacity (WHC)
of soil sample conducted gravimetrically
at field capacity condition. Soil pH was
measured by using a glass electrode
method with a soil: water ratio of 1:2.5
(w/v) (IITA, 1979; Mclean 1982), while
biochar pH determined with ratio of 1:10
(w/v) (Jindo et al, 2014). The WHC of
biochar calculated based on formula
introduced by Yuet al, (2013).

RESULTS AND DISCUSSION

General Properties of Soil and
Biochar

The soil properties at topsoil layer
of study site characterized by slightly
acid reaction (pH 5.3), low organic matter
content (1522 g kg') with fine texture
(clay) and soil bulk density of 1.32 g cm™.
Total pore space of soil is 43% and water
holding capacity 21%, while soil
permeability is slow (23 cm hr?). At
subsoil layer, organic matter content
found lower than topsoil (862 g kg'),
heavy clay, bulk density 1.39 g cm™3 with
22% water holding capacity, and soil
permeability found slower (1.8 cm hr™).

Table 1. Basic properties of soil and biochar

Biochar found has alkaline
reaction with pH of 8.1; low bulk density
(039 g cm™) and WHC of 648% (w/w).
Total carbon (C) content of biochar was
473 g/kg and total nitrogen 38 g/kg. This
data indicated that the study site soil
quality was decrease as compared with
ideal soil. According to Brady and Weil
(2003), the ideal soil has about 50 g kg™
organic matter content with loamy
textural class. The pore spaces of soil
dominated by micro pore which retained
water flow from soil surface into the
deeper layer. Although total pore spaces
in subsoil layer were higher than topsoil,
the value of soil permeability at subsoil
was lower.

Effect of Biochar on Soil Quality

Applications of biochar show
enhance soil quality as a whole. The SOM
content increased from 1528 g kg’
(without biochar) to 24.98, 30.18, 38.62,
44.85 and 55.63 g kg™ following addition
of 25 50, 75, 100 and 150 Mg/ha
biochar, respectively (Figure 1). The
correlation between treatment and SOM
found very strong which indicated by
high value of R2 Jindo et al, (2014)
reported that organic carbon content of
biochar made from non-wood materials
ranges from 29 - 70%.

Properties Soil Biochar

pH 53408 8.1+0.6
Total Carbon (g kg'l) 8.85+1.24 473.4+37.3
Total Nitrogen (g kg’l) 1.79 £ 0.06 38 +£2.27
Bulk density (g cm'3) 1.32+£0.04 0.39 £ 0.06
Total Pore Space (%) 43.62 £3.22 -

WHC (%) 2134219 648.2 +17.32
Texture class Clay -
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The carbon content of biochar
determined by original raw material and
charring processes. Biochar that made by
high temperature pyrolysis system
resulted higher grade of biochar. Since the
biochar used in this study made by an
open-air pyrolysis, the temperature might
not reach 500 °C, which resulted in low
carbon content of biochar.

Increasing in SOM content will
create some advantage effect into the soil.
Evidence from several laboratory and
field studies suggests that the application
of biochar may lead to decreased nutrient
leaching (studies particularly focused on
nitrates) and contaminant transport
below the root zone. Several mechanisms
contribute to the decrease in nutrient
leaching which are related to increased
nutrient use efficiency by increased
water and nutrient retention (residence
time in the root zone) and availability,
related to an increased internal reactive
surface area of the soil-biochar matrix,
decreased water percolation below the
root zone related to increased plant water
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use (increased evaporative surface), and
increased plant nutrient use through
enhanced crop growth. Higher retention
times also permit a better decomposition
of organic material and promote the

breakdown of agrichemicals.
Nevertheless, mechanisms such as
colloid-facilitated transport of

contaminants by biochar particles, or
preferential flow induced by biochar
applications, and long term stability of
biochar in soil, are potential factors that
my increase the leaching of nutrients
and/or contaminants (Verheijen et al,
2010).

The trend changes of soil bulk
density show appose as compared with
soil organic matter content. Application of
solid waste biochar found lowering soil
bulk density in the study site. The value
of soil bulk density decreased from 1.32 g
cm? (without biochar) to 1.30, 1.27, 1.24,
12 and 117 g com? following
application of 2.5, 50, 7.5, 10.0 and 15.0
Mg ha™ biochar, respectively.
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Biochar application rate

Figure 1. Effect of biochar application on soil organic matter content.
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Figure 2. Effect of biochar application soil bulk density.

Biochar has a bulk density much
lower than that of mineral soils and,
therefore, application of biochar can
reduce the overall bulk density of the soil,
although increases in bulk density are
also possible. If 100 t ha™* of biochar with
a bulk density of 04 g cm™ is applied to
the top 20 cm of a soil with a bulk density
of 1.3 g cm?, and the biochar particles do
not fill up existing soil pore space, then
the soil surface in that field will be raised
by ca. 2.5 cm with an overall bulk density
reduction  (assuming  homogeneous
mixing) of 01 g cm® to 12 g cm?.
However, if the biochar that is applied
has a low mechanical strength and
disintegrates relatively quickly into small
particles that fill up existing pore spaces
in the soil, and then the dry bulk density
of the soil will increase. Since the average
particle size of biochar used in this study
more than 15 mm, the possibility of
clogging in soil pore space seemed not
occur (Figure 2).

In agronomy, relatively small
differences in soil bulk density can be
associated with agronomic benefits.

Conventionally, ie, without biochar
additions, lower bulk density is
associated with higher SOM content
leading to nutrient release and retention
(fertilizer saving) and/or lower soil
compaction due to better soil
management (potentially leading to
improved seed germination and cost
savings for tillage and cultivation).
Biochar application to soil by itself may
improve nutrient retention directly, but
nutrient release is mostly very small
(Verheijen et al, 2010).

Soil compatibility is closely
related to soil bulk density. Soane (1990)
reviewed the effect of SOM on
compatibility and proposed several
mechanisms by which SOM may
influence the ability of the soil to resist
compactify loads. First, binding forces
between particles and within aggregates.
Many of the long-chain molecules
present in SOM are very effective in
binding mineral particles. This is of great
importance within aggregates, which are
bound by a matrix of humic material and
mucilage.
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Figure 3. Effect of biochar application on total pore space of soils.

Addition of biochar increased total
pore space (IPS) of soils (Figure 3). The
increasing pattern of TPS found linear
with the dose of biochar application.
Enhancing TPS of soil might be because
of the size of biochar used in this study is
much bigger than mineral soil particles
that can create more spaces between soil
particle (Figure 4). Another reason is the
ability of organic compounds may
increase the hydraulic conductivity of
clays by changing the electrical charge on
the clay particles causing them to move
closer together, flocculate and shrink,
resulting in cracks and increased

L | 2 3 ' s 6 "7 "8 "9 o "1l 12 13 1416

secondary macro-porosity of soil (Soane,
1990).

The soil pore network can be
affected by biochar’s inherent porosity as
well as its other characteristics, in several
ways. Biochar particle size and pore size
distribution ~and connectivity, the
mechanical strength of the biochar
particles, and the translocation and
interaction of biochar particles in the soil
are all determining factors that will lead
to different outcomes in different soil-
climate-management combinations.
These factors can cause the overall
porosity of the soil to increase or decrease
following biochar incorporation into soils.

Figure 4. The size of biochar used in this study (left) and schematic of biochar
structure (right) (Adopted from Bourke et al, 2007)
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Figure 5. Effect of biochar addition on correlation pattern between soil bulk density

and total pore space

Increasing of total pore space of
soil show correlation with declining of
soil bulk density (Figure 5). Declining of
soil bulk density could be due to
enlarging total pore space of soil. As
presented in Figure 4, the biochar used in
this study has bigger size as compare with
mineral soil particle. On the other hand,
the biochar structure also may possible to
enhance the amount of soil macropores
that responsible factor for increasing soil
pore space.

Water holding capacity (WHC) of
soil found increased significantly by
biochar application. The WHC increased
from 21% at initial condition to 24, 29,
35, 40 and 43%, following addition of 2.5,
5.0, 75, 10.0 and 15.0 Mg ha™ biochar,

respectively. Improving the WHC of soil
might be due to biochar used in this study
has capability to hold water more than
sixfold of its weight (Figure 5).

The mechanisms that lead to

biochar provided potential
improvements in water retention are
relatively  straightforward.  Adding

biochar to soil can have direct and
indirect effects on soil water retention,
which can be short or long lived. Water
retention of soil is determined by the
distribution and connectivity of pores in
the soil- medium, which is largely
regulated by soil particle size (texture),
combined with structural characteristics
(aggregation) and SOM content.
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Figure 6. Effect of biochar application on water holding capacity of soils.
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The direct effect of biochar
application is related to the large inner
surface area of biochar. Biochar with a
range in porous structures will result
from feedstocks as variable as straw,
wood and manure. Kishimoto and
Sugiura (1985) estimated the inner surface
area of charcoal formed between 400 and
1000 °C to range from 200 to 400 m* g™.
Van Zwieten et al, (2009) measured the
surface area of biochar derived from
paper mill waste with slow pyrolysis at
115m? gt

Biochar's effects on water when
mixed with soils are important to
understand because it may be the most
influential aspect of biochar in regards to
microbial activity, plant growth, and
nutrient usage. The current practices of
irrigation are awaiting a revolution in
order to more efficiently provide soils
with water, but it will be important to
understand the possible impact of
preparing soils with amendments such as
biochar. Biochar has high total porosity,
and it can both retain water in small
pores and thus increase WHC and let the
water flow through the larger pores after
heavy rain from topsoil to deeper soil
layers (Asai et al, 2009).

The mechanical stability and
recalcitrance of biochar once incorporated
in the soil will determine long term effects
on water retention and soil structure. This
is determined by feedstock type and
operating conditions as well as the
prevalent physical-chemical conditions
that determine its weathering and the
compaction and compression of the
biochar material in time. The effect of the
use of heavy agricultural machinery on
compaction of the soil-biochar matrix has
yet to be studied in detail. Another factor
contributing to the uncertainty in long-
term beneficial effects of biochar
application to soil is the potential clogging

or cementation of soil pores with
disintegrated biochar material (Brodowski
et al, 2006).

Biochar’s high surface area can
thus lead to increased water retention,
although the effect seems to depend on
the initial texture of the soil. Therefore,
improvements of soil water retention by
charcoal additions may only be expected
in coarse-textured soils or soils with large
amounts of macropores. A draw-back is
the large volume of biochar that needs to
be added to the soil before it leads to
increased water retention (Glaser et al,
2002).

CONCLUSION

Degradation of soil quality and
huge amount of solid waste are the main
problem of oil palm plantation. These
problems can be solved by utilize the
solid waste as organic matter sources. To
avoid adverse effect of using
decomposable organic matter, the solid
waste can be change into biochar through
pyrolysis process. This study proved that
application of solid waste biochar could
enhance soil quality that indicated by
increasing soil organic matter (SOM)
content. Improving SOM, affect other soil
quality parameter such as decreasing of
soil bulk density and augmenting of total
pore space of soil. To examine the effect
of enlightening of these soil characters
on soil chemical characteristic and plant
growth and productivity, long-term
study is needed.
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