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Preface

In this “tropical peatland eco-management” book, eco-management is new termi-
nology as an abbreviation of “ecology-based management for natural capital
enhancement.”

The modern economy has always been deprived and plundered, and “natural
capital” has been destroyed and referred to as “natural capital development.”
“Development” always intends to open and exploit natural resources. The “devel-
opment” of “natural capital” results in a global crisis or brings uncertainty to the
planetary boundary. To slow this “development,” a new concept of “sustainable
development” has been introduced; however, this concept is still based on
“development.”

The twenty-!rst century economy must always be coupled and coexist with
“natural capital” and then restore and enhance that “natural capital,” which is
referred to as “natural capital envelopment” (also a new concept and terminology)
here. The “envelopment” of “natural capital” brings global stability or safety to the
planetary boundary.

As tropical peatland has a carbon/water-stock (reservoir) balance, it becomes
fragile due to “development” (destruction and deconstruction of peatland as “natural
capital”), with high vulnerability to “development” mechanisms. However, because
a tropical peatland has carbon/water-!ow (cycle) balance, it is very stable due to
“envelopment” (restoration and enhancement of “natural capital”), with high resil-
ience to “envelopment” mechanisms.

Global eco-management by “envelopment mechanisms” is based mainly on solar
and hydro energy and material (mainly water, carbon, and nutrients) cyclic systems,
for which “eco-management” technology of natural capital must minimize industrial
technology and introduce and innovate “small-scale and dispersal-type technology.”

Tropical peatlands are characterized as high carbon and water reservoir ecosys-
tems located in the Indonesian and Malaysian archipelagos, the Amazon Basin, and
the Congo Basin, which are in the tropical zone. Tropical zones are very wet and
have high humidity because of high clouds, which cause heavy rainfall, high soil
moisture, and nutrient leaching. Under this wet condition, a very small amount of

v



oxygen can solubilize into water, and thus, tropical ecosystems tend to be de!cient in
oxygen and to sequester organic matter. In fact, the tropical zone, especially
peatlands and wetlands, is de!ned as a “high carbon/water reservoir ecosystem,”
indicating that this zone is a high priority for planetary (Earth) boundary issues.

Thus, a tropical peatland is a milestone that maintains the stability of the planetary
(Earth) boundary. However, it is unfortunate that tropical peatlands, even in resto-
ration programs, are still developing because almost all programs related to tropical
peatland management are based on “drainage systems,” which cause the destruction
and decomposition of tropical peatlands, and “development mechanisms” are still
applied. Here, therefore, tropical peatland management based on an “irrigation
system,” which involves sustainable conservation of tropical peatland by applying
“envelopment mechanisms,” is proposed. Natural capital management by “envelop-
ment mechanisms” to enhance tropical peatlands is proposed (1) to manage high
groundwater levels (GWLs), (2) to manage land surfaces referred to as aerohydro
culture under a high GWL, (3) to produce a high amount of biomass to achieve high
carbon sequestration and a carbon-negative system, (4) to establish an intergraded
MRV (measuring, reporting, and verifying) system in the tropics or equator orbiter,
referred to here as “informatics based on Earth Observation System” (iEOS), and
(5) to create values of natural capital such an economy value chain and ecology value
chain.

The key concepts related to “Tropical Peatland Eco-management” have been
derived from the book titled “Tropical Peatland Ecosystems” published by Springer
in 2016, which was downloaded approximately 40,000 times by December 2019. In
this book, we found that tree biomass productivity is very high in native tropical
peatlands with high GWLs, which is opposite from common knowledge because
plant growth is normally the poorest under a high GWL (low oxygen supply) and
nutrient-poor conditions. Thus, to manage tropical peatlands appropriately, a native
tropical peatland ecosystem is mimicked, and then, “tropical peatland
eco-management” is implemented, following an innovative concept and technology
referred to as envelopment mechanisms of natural capital based on the water–plant–
carbon link, called as “Water–TREE–Carbon linkage Model.”

Here, “Tropical Peatland Eco-management” is highlighted as an innovative
management option for tropical peatlands; in addition, the tropical zone boundary
of a tropical peatland is a climax ecosystem in the tropics characterized as a high
carbon/water reservoir ecosystem.

We are grateful to PT, Wana Subur Lestari, and BRG through the Norwegian
grant via UNOPS for !nancial support to publish this book.

Sapporo, Japan Mitsuru Osaki
6 September 2020
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Chapter 11
Biochar for the Improvement of Peatland
and Suboptimal Land

Eni Maftuah, Anna Hairani, Ani Susilawati, Hendri Sosiawan,
Dedi Nursyamsi, and Mitsuru Osaki

Abstract AeroHydro Culture mainly focuses on peatland restoration. However, as
key technology of AeroHydro Culture is a method applying nutrient materials from
“Land Surface,” AeroHydro Culture technology can apply to suboptimal land.
Applying materials from “Land Surface” are composed of nutrients, organic matters,
microorganisms, and porous materials such as biochar and zeolite. Biochar is one of
the key materials in AeroHydro Culture technology because of its excellent func-
tions on high water and nutrient holding capacity, matrix for microorganisms, and
carbon sequestration. Suboptimal land including peat/wet land has enormous poten-
tial to be developed as a productive agricultural area. But its land quality is generally
poor, so that it requires an improvement by applying soil amendment. Continuous
application of soil amendment and inorganic fertilizer can cause soil organic C
degradation, soil compaction, soil structure damage, and degraded productivity of
the suboptimal land. Biochar can be used on suboptimal land as an eco-friendly soil
amendment. Biochar plays a role in improving suboptimal land including the
physical, chemical, and biological properties of the soil. The effectivity of biochar
in soil improvement depends on the biochar feedstock, its making process, the
dosage, the application methods, the particle sizes, and the soil types. Improving
the quality of suboptimal land affects the productivity of rice, maize, soybean, and
also trees. Applying biochar is proven to increase the food crop and tree yields.
Biochar can improve land productivity, sequestrate soil carbon, and mitigate green-
house gas (GHG) emission. Conserving carbon in mineral soil and suboptimal land
such as peat/wetland has great impact not only on the improvement of soil qualities,
but also on GHG emission mitigation.
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Keywords AeroHydro culture · Suboptimal land · Microorganism matrix · Water
holding capacity · Carbon sequestration

11.1 Introduction

In Indonesia, suboptimal land consists of 107.4 million ha for acid upland and 33.4
million ha for swampland (Ritung et al. 2015). Some problems in the development of
suboptimal land include the soil acidity, low nutrient availability, and low organic
carbon content (Mulyani and Sarwani 2013).

Land quality is a complex attribute of land that has a speci!c role in determining
the level of its suitability for a certain use (Permentan 2013). Land quality is related
to crop production, including the physical, chemical, and biological properties of the
soil that affect plant growth. Taylor et al. (2010) summarize soil quality parameters
whose changes signi!cantly affect plant growth. These parameters include pH, total
nitrogen, available phosphor (P), potassium (K), calcium (Ca), iron (Fe), and
aluminum (Al).

Suboptimal land quality is commonly poor so that it requires appropriate man-
agement. In addition, the continuous application of soil amendment and inorganic
fertilizer can cause a decrease in soil organic C content, compaction, or damage to
soil structure, and a decrease in land productivity (Ge et al. 2008). Applying soil
amendments can improve suboptimal land quality. Biochar is an alternative sub-
stance to improve the soil quality and the environment, which is inexpensive,
sustainable, and environmentally friendly.

Biochar can improve soil chemical properties including cation exchange capacity
(CEC) (Van Zwieten et al. 2010), increase nutrient and water retention (Laird et al.
2010; Schulz and Glaser 2012; Zhang et al. 2013), and reduce soil acidity (Li-li et al.
2016). Biochar can reduce N fertilizer loss (Steiner et al. 2007) and nutrient leaching
(Novak et al. 2009; Yao et al. 2012; Widowati et al. 2012). The micropores in
biochar structures are able to increase water holding capacity (Santi and Goenadi
2010; Sutono and Nurida 2012; Sukartono and Utomo 2012; Yu et al. 2013) and
reduce nitrogen runoff (Clough et al. 2013; Knowles et al. 2011; Gao and DeLuca
2016).

Biochar can also be used as an effective matrix for microbes which play an
important role in the soil to be utilized in the production of biological fertilizer (Santi
and Goenadi 2010). Fungi can sporulate in the biochar microspores because in these
pores the competition among other saprophytes is quite low (Saito and Marumoto
2002). Biochar can increase the diversity of microorganisms in the soil (Li-li et al.
2016). Biochar can be a habitat for soil microbes, but it takes time for the microbes to
consume it. As a result, the applied biochar will be left in the soil for a long time.

There have been many studies stating the positive response of biochar application
to soil fertility. Nevertheless, it should be noted that not all types of biochar have the
same characteristics. The chemical and physical properties of biochar are strongly
in"uenced by its feedstock and the conditions of the pyrolysis process such as the

338 E. Maftuah et al.



temperature and processing time (Uzun et al. 2006). Different characteristics of
biochar result in different effects on soil and plant. This paper discusses the role of
biochar in improving suboptimal land quality including the physical, chemical, and
biological properties of the soil, land productivity, and its role in conserving soil
carbon.

11.2 Suboptimal Land in Indonesia

Suboptimal land is the land that naturally has poor productivity due to the internal
and external factors (Mulyani and Sarwani 2013). The mainland area of Indonesia is
189.1 million ha, mostly consisting of suboptimal land, where the widest area is
occupied with acid upland with wet climate (>2000 mm rainfall per year) and dry
climate (<2000 mm rainfall per year). Suboptimal land is grouped into four land
typologies, namely acid upland, semi-arid, tidal swampland, and freshwater
swampland (Puslitanak 2000). According to Ritung et al. (2015), the suboptimal
land area in Indonesia is 149.14 million ha consisting of acid upland of 104.65
million ha and semi-arid of 10.36 million ha. Tidal swampland consists of mineral
soil as wide as 7.55 million ha and peat as wide as 1.37 million ha, while freshwater
swampland consists of 11.64 million ha mineral soil and 13.56 million ha peat
(Table 11.1).

Of the total area, the suboptimal land which is potential for agriculture is 91.9
million ha consisting of 62.64 million ha of acid upland, 7.76 million ha of semi-
arid, and 21.49 million ha of swampland (Mulyani and Sarwani 2013). The
remaining land is not recommended for agricultural development since it is a forest
area or land that is not in accordance with various limiting factors such as very steep
slopes (20!), deep peat (>3 m thick), sandy soil (Spodosols or Quartzipsamments),

Table 11.1 Suboptimal land in Indonesia

Islands

Upland (kha) Swampland (kha)

Acid Semi-arid

Tidal
swampland

Freshwater
swampland Total

Mineral Peat Mineral Peat

Sumatra 30,781 42 2502 517 3988 5919 12,926
Java 7294 1682 95 – – – 95
Bali and Nusa Tenggara 83 5078 – – – – –

Kalimantan 39,134 – 2302 685 2944 4093 10,024
Sulawesi 7187 2383 318 – 706 24 1048
Maluku 2000 – 74 – 88 – 162
Papua 18,174 1179 2263 164 3916 3527 9870
Indonesia 104,653 10,364 7554 1366 11,642 13,563 34,125

Source: Data processed from Ritung et al. (2015)
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actual acid sulfate soils, and deep freshwater swampland with more than 6 months of
"ooding (Mulyani and Sarwani 2013).

In Indonesia, acid upland has the greatest potency for agriculture among the other
types. Acid upland is a land under old sediments and volcanic parent materials or
other soils with low base saturation and high humidity regimes with rainfall over
2000 mm. These conditions cause low soil pH and high aluminum saturation, due to
high leaching of base cations (Subagyo et al. 2000). According to Soil Survey Staff
(1999), the soil included in acid upland is Ultisol, Oxisol, and Inceptisol. Acid
upland requires proper land management including improving the land quality to
increase its productivity.

Semi-arid is an upland that has an ustic soil moisture regime and/or is included in
a dry climate with total rainfall <2000 mm per year, and the dry months last
>7 months (<100 mm rainfall per month) (Balitklimat 2003). The main parent
material found is limestone, sediment, and volcanic material. Low rainfall results in
low alkaline leaching, so that generally the alkaline saturation is >50% (eutric), the
soil pH is neutral and tends to be slightly alkaline. The most found soils are Al!sols,
Mollisols, Entisols, and Vertisols (Mulyani et al. 2013). The common problem is the
scarcity of water resources, due to low rainfall, so that the types of plants and
cropping indexes are more limited.

Unlike the upland, the main problem of swampland is always being water-logged
or inundated (Subagyo 2006). Tidal swampland is a swamp that is affected by tides.
Based on the soil classi!cation (Soil Survey Staff 1999), tidal swampland is char-
acterized by aquic conditions (saturated with water) and has a sul!dic material (iron
sul!de) or pyrite, generally reacting with extreme acidity (pH <4), so it is often
called an acid sulfate soil (Subagyo 2006). It generally has a low level of fertility and
productivity so that agricultural development in this area requires technological
inputs such as amelioration, water management, and varieties that are resistant to
acidity, inundation, and high salinity.

Freshwater swampland is a swamp which is affected by "ooding for at least
3 months with "ooding depth at least 50 cm (Subagyo 2006). The soil chemical
properties of freshwater swampland depend on the type of the soil. Mineral soil
(river sediment) has a clay texture, pH of 4.5–6.5, and moderate level of soil fertility
due to enriched mud from the upstream area every year. Freshwater swampland is
suitable for agriculture, but the speci!c problem is the unpredictable water "ooding
"uctuation.

Peatland is land with an accumulation of decomposed organic matter, with ash
content equal to or less than 35%, peat depth "50 cm, and organic carbon content
based on a minimum weight of 12% (Soil Survey Staff 2011). The development of
peatland for agriculture faces land biophysical, socio-economic, and environmental
constraints. Land biophysical conditions that often arise are subsidence, irreversible
drying, acidi!cation, nutrient de!ciency, low bearing capacity, and high porosity.
Peatland management requires environmentally friendly technology including land
clearing without burning, amelioration, and low emission fertilization, as well as
environmentally friendly pest control.
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11.3 Biochar Characteristics

Biochar is a carbon-rich solid material formed through the combustion process of
organic material or biomass without or with little oxygen (pyrolysis) at the temper-
atures of 250–700 !C and can be used as a soil amendment (Sohi et al. 2009;
Lehmann and Joseph 2009). The complete pyrolysis process leaves only carbon,
but in making biochar it often leaves other nutrients. In contrast to organic matter,
biochar is stable for hundreds to thousands of years when it is mixed into the soil and
is capable of sequestering carbon in the soil (Lehmann 2007; Renner 2007; Fraser
2010).

The physical and chemical characteristics of biochar affect its quality. The
characteristics of biochar depend on the feedstock and pyrolysis conditions such as
temperature, pyrolysis duration, and oxygen or air supply (Sohi et al. 2009). Physical
characteristics include pore distribution, pore size, surface area; while chemical
properties include CEC, pH, macro- and micro-nutrient, and ash content.

11.3.1 Biochar Physical Properties

The amount and distribution of mineral elements in biochar and biochar pores vary
greatly depending on feedstock and pyrolysis temperature (Brewer 2012; Amonette
and Joseph 2009). Physical characteristics also depend on biochar treatment after
pyrolysis (Downie et al. 2009). The chemical composition of the biomass of
feedstock has direct in"uence on the physical properties of biochar. Lua et al.
(2004) showed that raising pyrolysis temperatures from 250 !C to 500 !C increases
the surface area of biochar because of the increased volatile evolution of feedstock
and results in the development of pores in biochar. The physical properties of
biochar are also in"uenced by the time of activation and the amount of steam used
for activation, where the surface area develops with an increase in activation time
(Stavropoulos 2005; Zhang et al. 2004).

The pressure of gas during pyrolysis also has in"uence on the structure of
biochar. Cetin et al. (2004) stated that biochar produced at 5 bar pyrolysis pressure
at a heating rate of 500 !C to 950 !C has been shown to have a larger cavity with
thinner cell walls than biochar produced at a pressure of 1 atmosphere.

The size of particle produced at the heating rate of 400 !C was not much different
from the particle size of the feedstock before pyrolysis. However, some volatile
substances are lost during pyrolysis, so that biochar becomes more porous (Brewer
2012). Scanning Electron Microscopy (SEM) analysis can describe the pore space in
biochar. Based on SEM analysis, there are differences in biochar pore size
depending on the types of biochar (Maftuah and Sosiawan 2018) (Fig. 11.1).

Based on SEM image, coconut shell biochar has more micro-, meso-, and macro-
pore space composition compared to bamboo biochar, Eleocharis dulcis biochar, and
palm midrib biochar. Rice husk biochar showed more particles than pores.
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Moreover, the stem of Melaleuca leucadendron biochar had more macropores than
micropores or particles. There are differences in particle size in each biochar. The
size of the biochar particles produced from the pyrolysis of organic material largely
depends on the properties of the feedstock. In some cases, due to shrinkage and
friction during pyrolysis, the biochar particle size tends to be larger than its feedstock
particle size. The particle can clot causing an increase in size (Cetin et al. 2004). The
surface area of biochar is inversely proportional to carbon content. Surface porosity
is determined through SEM images where the highest porosity is found in biochar
with low C content (Yargicoglu et al. 2015).

Biochar has a physical speci!c structure such as pore structure, high surface area,
and water holding capacity which will contribute to chemical properties, e.g. CEC
(nutrient adsorption), providing a suitable habitat for microbes especially for bacte-
ria, actinomycetes, and arbuscular mycorrhizal fungi (Thies and Rillig 2009).

11.3.2 Biochar Chemical Properties

Some research results indicated that diversities in feedstock and biochar production
processes will result in different physical–chemical biochar properties (Laird et al.
2010; Spokas et al. 2012; Rutherford et al. 2012). Temperature during the biochar

Fig. 11.1 Pore size and SEM photo particle size of coconut shell biochar (a), bamboo biochar (b),
palm midrib biochar (c), stem ofMelaleuca leucadendron biochar (d), Eleocharis dulcis biochar (e)
and rice husk biochar (f) (Maftuah and Sosiawan, 2018)
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production process largely determines the resulting C, pH, and CEC of the biochar
(Chen et al. 2008; Van Zwieten et al. 2010). The chemical properties of biochar are
strongly in"uenced by its feedstock (Table 11.2). Rice husk biochar contains the
highest SiO2 at 34.83%, while other biochar ranges from 2–6.3% (Table 11.2).
Biochar from organic fertilizer and waste usually has a very high ash content.
Chicken manure biochar has 45% ash from its feedstock (Koutcheiko et al. 2007),
and bone biochar contains minerals which account for 84% of minerals from
feedstock (Purevsuren et al. 2004). The highest ash content is in palm kernel biochar,
while the lowest is in bamboo biochar. Bamboo biochar contains the highest organic
C content (50.03%), while the lowest (23.73%) is in palm kernel biochar. Palm oil
waste has a fairly large content of carbon (43–51% by weight) and !xed carbon
(30–39% by weight), about 3% of ash, and a very high surface area of 210 m2g#1

(Liewa et al. 2018). The pH is very high, more than 8.0, then biochar is useful to
amend low pH soil. CEC is extremely high in rice husk, then both biochars are
expected as good materials for nutrient adsorption. As N is 0.5~1.3%, P is 0.4~0.5%,
N and P concentration are low in these biochars. However, K concentration is high,
39% in palm fruit bunches, bamboo, and coconut shell, which are good materials for
K de!ciency soil, especially for peat soil. Mg concentration is only high, 4% in
coconut shell, then the coconut shell is a good biochar to Mg supplying to peat soil.
Fe concentration is extremely high in all biochars except for palm kernel biochar,
then the main micronutrients, especially Fe, will be enough from these biochars.

Thus, after reviewing the chemical aspect on biochar, the biochars produced from
rice husk and palm fruit bunches, bamboo, and coconut shell are functional to
improve soil chemical conditions. All species biochars contribute basically to
improve pH, CEC, and micronutrients (mainly Fe, also other micronutrients because
micronutrient de!ciency leads to infertile fruits and grains). High pH biochar is more
suitable for a bacterial habitat (Santos et al. 2012; Zimmermann et al. 2012; Farrell
et al. 2013).

Based on Fig. 11.2, all types of biochar have absorption spectral bands below
900 cm#1 that indicate minerals from the feedstock. Carboxylate and phenolate
groups are often found in Melaleuca leucadendron stem biochar, followed by
biochar from coconut shells. The lignin content in biochar ranges from 5 to 22%.
The presence of aromatic esters is the highest in coconut shell biochar. All types of
biochar show a high content of waxes, lipids ranging from 10 to 40%. They also
contain cellulose, which is indicated by absorption at a wavelength of
3300–3800 cm#1. Biochar from coconut shell has the most diverse functional groups
such as phenolics, phenol, aromatic esters, high mineral content, carboxylates,
protein, lignin, fats, waxes, lipids, and cellulose. The lowest number of functional
groups is found in rice husk biochar which is dominated by fat, wax, and lipid
groups. Based on NMR analysis, biochar produced at 350–500 !C is dominated by
aromatic (aryl) C and low H/C ratio. However, the characteristics of the feedstock
are still maintained at this temperature. Pyrolysis at temperatures above 500 !C tends
to eliminate the functional group C structure from its feedstock (Krull et al. 2009).
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11.3.3 Biochar Biological Properties

The physical and chemical properties of biochar affect the biological properties of
biochar. The existence and size, as well as the distribution of pores in biochar
provide suitable habitats for many microorganisms by protecting them from preda-
tors and drought, providing carbon for energy and minerals for nutrition (Saito and
Marumoto 2002; Warnock et al. 2007). Fungi and bacteria live and reproduce in
macropores (Lal 2006). Biochar also contains micropores (<2 nm) and mesopores
(2–50 nm) which can store water and solutes needed for microbial metabolism
(Brewer 2012). Dissolved organic carbon biochar is the primary carbon source
favored by microorganisms (Stewart et al. 2013). In addition to the C content,
biochar pH is an important controlling factor for the proliferation of microorganisms
in biochar (Gul et al. 2015). Maftuah et al. (2014) showed the effect of pH and
carbon content of Biochar on fungi and bacteria growth (Fig. 11.3). Biochar pH has
no effect on fungi and bacteria growth. The carbon content of Biochar has no effect
on bacteria growth, but optimal effects on fungi.

11.4 Biochar Roles for Soil Improvement

11.4.1 Physical Property Improvement

Large amount of biochar (oil palm shell biochar) application in"uences strongly on
soil physical properties in case of Ultisol in East Lampung as follows (Table 11.3):

Fig. 11.2 Spectroscopy FTIR of several types of biochar (Maftuah et al. 2014). Stem ofMelaleuca
leucadendron biochar (a); palm midrib biochar (b); rice husk biochar (c); and coconut shell biochar
(d)
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1. Bulk density and particle density, and total pore space decreased trend with an
increase of biochar application rate.

2. Fast pore drainage decreased trend with an increase of biochar rate.
3. Available water pore and water retention increased trend with an increase of

biochar application rate.
4. Water permeability decreased trend with an increase of biochar application rate.

Thus, large amount of biochar application will change soil physical properties,
namely (1) decreasing air space inside the soil and (2) increasing water holding
capacity. If biochar application increases, the oxygen diffusion rate into soil will
decrease. Therefore, it is suggested that a large amount of biochar application,
probably more than 250 t ha#1 in this case, will be ineffective for plant growth.

Biochar application reduces soil bulk density, increases soil porosity, and retains
water (Ardiyani et al. 2015; Githinji 2014; Masulili et al. 2010; Asai et al. 2009).
Biochar application to acid soils increases porosity by about 10% and available
water pores by 2% (Masulili et al. 2010).

The cacao shell biochar with 15 t ha#1 application increases the aggregate
stability index of Ultisol from 67.28% to 130.12% (Shalsabila et al. 2017). Soil
aggregate stability index is the ratio of dry Diameter Mass Ratio (DMR) to wet
DMR, where DMR is the average value of an aggregate particle. The stable
aggregate will contribute to plants. The stable aggregate is in"uenced by organic
matter because it activates microorganisms to exudate bio!lm-like compounds.
Thus, the high rate of land degradation occurs in soil with a very low organic matter
content, for which biochar that inoculated microorganisms is very useful.

Biochar improves water retention in semi-arid regions such as North Lombok
(Suwardji et al. 2012). Thus, biochar application is important to improve soil
physical properties of (1) aggregation and (2) water holding capacity (Dariah and
Heryani 2014).
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11.4.2 Chemical Property Improvement

It is expected that biochar will be able to improve the soil chemical properties in
suboptimal land. However, because the biochar contains very few nutrients while its
volume in soil is very low, it was found that biochar materials cannot change the soil
nutrient structure solely (Table 11.4). However, only in acid soil (land), total N and
Exch.-K+ in soil are increased by biochar application (Putri and Mukhlis 2017), but
the mechanism for the increase is unclear. As total N in soil increases, N2 !xing is
activated, NH4

+ is changed with K+, of which mechanisms are only hypotheses, then
further studies are required. When biochar is applied to sandy loam in West Nusa
Tenggara, the soil pH and soil CEC increase, because the sandy loam is extremely
low in pH (in the absence of cation) and CEC (CEC sites are absent due to the silicate
composition) (Sukartono and Utomo 2012). Thus, basically biochar slightly affects
the soil chemical properties because the nutrient content and CEC are lower com-
pared with that of the soil clay.

11.4.3 Biological Property Improvement

Biochar is a good matrix for microbe growth, especially bacteria, actinomycetes,
and arbuscular mycorrhizal fungi. Biochar matrix is good for microbe colonization
and adsorbed nutrients supplying to microbes (Lehmann and Rondon 2006; Thies
and Rillig 2009). Biochar application signi!cantly changes the population and
diversity of microorganisms, fungal bacteria composition, and the dominant (Thies
and Rillig 2009). When maize stalk biochar and cotton stalk biochar were applied to
groundnut plants in Al!sol (semi-arid of India), the population of bacteria and fungi
increased (Pandian et al. 2016) (Table 11.5). The active microbial biomass increased
coupled with an increase in Eichornia biochar application rate in Red soil (semi-arid
of India) (Masto et al. 2013) (Table 11.5).

In humic acrisols (Kenya), N !x is greatly activated in common bean plants
(Phaseolus vulgaris) by several biochar species, including rice biochar, bagasse
biochar, maize stover biochar, maize cob biochar, eucalyptus biochar, Delonix
biochar, and tea biochar (Güereña et al. 2015). Tea biochar application showed
high nodule formation in legume common bean plants. The research used a nodulin
and non-nodulin isolate of beans (Phaseolus vulgaris), the DOR 364 variety from the
International Center for Tropical Agriculture, Cali, Columbia (Güereña et al. 2015).
The non-nodulating isoline was used to quantify soil 15 N uptake values to deter-
mine N derived from !xation (Ndfa) via the natural abundance method (Peoples
et al. 2009).

As biochar application in"uences soil microbial diversity, the relative abundance
of several microbes affects the carbon and nitrogen metabolisms in soil, which
stimulate nitri!cation and denitri!cation processes and reduce N2O emissions
(Xu et al. 2014). Biochar acts as a microbial carrier (inoculum), which can be
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utilized in the industry of biological fertilizer production. Biochar can be a good
microbial carrier due to high moisture content and slower releasing minerals (Thies
and Rillig 2009). Soil microbial population will be affected by the quality and

Table 11.4 The effect of biochar on soil chemical properties of suboptimal land

Treatment
pH
H2O

N
total
%

P-available
ppm

Exch.-
K CEC Land

typology ReferenceCmol(+)kg#1

Control 4.850 0.070 2.210 0.490 – Acid
upland

Putri and
Mukhlis
(2017)

Rice straw
biochar

4.960 2.610 2.610 1.270 –

Oil palm empty
fruit bunch
biochar

5.260 2.630 2.630 3.420 –

Durio zibethinus
peel biochar

5.230 2.590 2.590 1.390 –

Cattle manure
biochar

5.230 3.040 3.040 0.980

Control 3.520 – – – 4.650 Nurida
et al.
(2015)

Rice husk
biochar sized
10 !m, 1 t ha#1

3.790 0.060 17.900 – 4.840

Rice husk
biochar + humic
1.5 t ha#1

3.880 0.060 20.310 – 4.520

Control 6.290 0.110 23.500 0.700 13.340 Semi-arid Sukartono
and Utomo
(2012)

Coconut shell
biochar

6.490 0.120 26.480 0.750 15.040

Cattle manure
biochar

6.450 0.160 26.240 0.890 15.100

Cattle manure 6.390 0.140 25.660 0.700 15.020
Control 4.840 0.110 26.550 0.370 6.290 Tidal

swampland
Barus and
Santri
(2016)

Rice husk
biochar, 5 t ha#1

5.130 0.130 27.870 0.430 7.600

Rice husk
biochar, 19 t ha#1

5.220 0.140 30.150 0.480 8.340

Control 4.180 0.930 120.190 0.530 – Peatland Maftuah
and
Nursyamsi
(2019)

Melaleuca
leucadendron
stem biochar
8 t ha#1 -hhha-1

4.240 0.950 156.580 0.590 –

Rice husk
biochar 8 t ha#1

4.190 0.950 262.140 0.960 –

Palm midrib
biochar 8 t ha#1

4.200 0.950 263.090 0.950 –

Coconut shell
biochar 8 t ha#1

4.290 1.260 175.590 0.940 –

Note: – $ data are not available
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Table 11.5 The effect of biochar on soil biological properties of suboptimal land

Treatment
Types
of soil

Types of
land,
location Parameter of microbes Reference

Control Al!sol Semi-arid,
India

Bacteria: 22 % 10#6, Fungi
23 % 10#3 Actinomycetes; 22 % 10#

Pandian
et al.
(2016)Maize stalk

biochar,
2.5 t ha#1

Bacteria: 35 % 10#6, Fungi
27 % 10#3 Actinomycetes;
28 % 10#4

Maize stalk
biochar, 5 t ha#1

Bacteria: 41 % 10#6, Fungi
38 % 10#3 Actinomycetes;
18 % 10#4

Cotton stalk
biochar,
2.5 t ha#1

Bacteria: 36 % 10#6, Fungi
26 % 10#3 Actinomycetes;
27 % 10#4

Cotton stalk
biochar, 5 t ha#1

Bacteria: 40 % 10#6, Fungi
26 % 10#3 Actinomycetes;
30 % 10#4

Control Red
soil

Semi-arid
India

Active microbial
biomass $ 48 g kg#1

Masto
et al.
(2013)Eichornia

biochar 1 g kg#1
Active microbial
biomass $ 60 g kg#1

Eichornia
biochar 3 g kg#1

Active microbial
biomass $ 74 g kg#1

Eichornia
biochar 5 g kg#1

Active microbial
biomass $ 113 g kg#1

Eichornia
biochar
10 g kg#1

Active microbial
biomass $ 129 g kg#1

Eichornia
biochar
20 g kg#1

Active microbial
biomass $ 153 g kg#1

Control Humic
acrisol

Kenya N !x (% total N); 3.140
Root nodules $ 22

Güereña
et al.
(2015)Rice biochar N !x (% total N); 45.470

Root nodules $ 145
Bagasse biochar N !x (% total N); 40.570

Root nodules $ 141
Maize stover
biochar

N !x (% total N); 34.680
Root nodules $ 122

Maize cobs
biochar

N !x (% total N); 35.060
Root nodules $ 107

Eucalyptus
biochar

N !x (% total N); 33.430
Root nodules $ 146

Delonix biochar N !x (% total N); 35.140
Root nodules $ 179

Tea biochar N !x (% total N); 43.200
Root nodules $ 186
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quantity of biochar added, depending on biochar materials, pyrolysis processes
affecting the residual compounds (Ogawa 1994; Steiner et al. 2007). Microorgan-
isms that live on the surface of biochar are able to decompose organic matters
surrounding the biochar.

Biochar can serve as a source of C and energy for soil microbes. Laborda et al.
(1999) shows that fungi (Trichoderma and Penicillium spp.) can contribute to coal
depolymerization (hard coal, sub-bituminous coal, and lignite) through the produc-
tion of phenoloxidase enzyme. Ogawa and Yamabe (1986) suggested that biochar
can be a habitat that is not suitable for saprophytic fungi, but ideal for mycorrhizal
fungi.

11.5 Biochar Roles in Improving Suboptimal Land
Productivity

Aside from improving the physical, chemical, and biological properties of the soil,
biochar application also improves suboptimal land productivity. However, biochar
application effects on crop productivity "uctuate greatly according to soil type,
biochar type, and biochar application rate. In some suboptimal land, i.e. acid upland,
semi-arid, and peatland, biochar application improves productivity of maize or rice

Table 11.6 The effect of biochar on suboptimal land productivity

Treatment

Maize
(Grain)

Rice
(Grain)

Type of land Referencet ha#1

Control 0.37 Acid upland Nurida and
Rachman (2012)Rice husk biochar,

7.5 t ha#1
2.31

Without biochar 4.50 Semi-arid Sukartono and
Utomo (2012)Coconut shell biochar,

15 t ha#1
5.20

Cow manure biochar,
15 t ha#1

5.00

Control 5.25 Tidal swampland (Acid
sulfate soil)

Barus and Santri
(2016)Rice husk biochar,

2 t ha#1
5.36

Without biochar 2.60 Hatta (2016)
Rice husk biochar,
5 t ha#1

4.35

Without biochar 3.59 Peatland Simatupang et al.
(2017)Rice husk biochar,

7.5 t ha#1
5.71

Coconut shell biochar,
7.5 t ha#1

4.29
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(Table 11.6). However, the improvement of rice production is not improved by
biochar application in tidal swampland (potential acid sulfate soil), because the
production is already high even in the control. When rice husk biochar is applied
in peatland, corn yields increase up to 59% (Simatupang et al. 2017), and soybean
yields achieve 2.5–2.9 t ha#1 (Endriani and Kurniawan 2018).

As a result, the nutrient content in biochar is generally low. Therefore, biochar
cannot directly increase the nutrient status in the soil and it needs to be combined
with other substances. The combination of rice husk biochar and straw compost is
better than a single application to increase soil fertility and soybean yields. A mixture
of 10 ton ha#1 rice husk biochar and 10 ton ha#1 straw compost increases soybean
yields by 41% compared to the control sample (Barus 2016). Nurida et al. (2015)
also reported that applying a formula consisting of 50% rice husk biochar + 50%
manure encouraged stable growth and soybean yields as much as 1.50 t ha#1 in acid
upland.

11.6 Biochar Roles in Carbon Sequestration
and Greenhouse Gas Emission Mitigation

11.6.1 Biochar Roles in Carbon Sequestration

Carbon sequestration in soil is an important strategy on climate change mitigation
(Sohi et al. 2009; Widjaja 2002). As biochar decomposition is very slow in soil,
biochar can be stored for thousands of years (Vaegele 2013; Titiz and Sanford 2007;
Sohi et al. 2010). Thus, biochar is an important candidate for carbon sequestration
in soil.

When biochar is derived from biomass produced by combustion at temperatures
of 300–500 !C under limited oxygen conditions, biochar even retains a highly
aromatic carbon structure with a high carbon concentration of 70–80% (Lehmann
and Rondon 2006). Biochar contains about 50% of carbon feedstock, while biochar
carbon by biological decomposition in soil usually decreases less than 20% C after
5–10 years (Lehmann and Rondon 2006). Whereas when biochar is produced under
low temperature conditions, the carbon in biochar remains only 3. Therefore, the
slash-and-burn system does not contribute signi!cantly to carbon sequestration.

Biochar application increases soil carbon content in the suboptimal land of acid
upland soil, acid sulfate soil, and semi-arid soil (Table 11.7). The application of
10 t ha#1 of coconut shell biochar and rice husk biochar in acid upland soil increased
carbon content by 38.78% and 70.40% compared to that of without the biochar
application (Endriani and Kurniawan 2018). In addition, the carbon content
increased by 25.4% with 40 t ha#1 of cocoa shell biochar in acid upland soil
(Shalsabila et al. 2017). In acid sulfate soil, 10 t ha#1 of rice husk biochar application
increased carbon content by 68.82% (Masulili et al. 2010).

352 E. Maftuah et al.



The soil organic carbon content level in mineral soil normally is high, 2–8%.
However, in suboptimal land, because the soils contain very poor organic matter, it
results in land degradation and decrease in soil fertility and plant productivity which

Table 11.7 The role of biochar in increasing carbon stock on suboptimal land

Types of
substance

Carbon
content
(t ha#1)

Land
typology Reference Notation

Control 217.310 Acid upland,
Jambi

Endriani and
Kurniawan
(2018)

Carbon content after
6 monthsRice husk biochar

5 t ha#1
273.310

Sawdust biochar
5 t ha#1

256.650

Coconut shell
biochar 5 t ha#1

231.760

Rice husk biochar
10 t ha#1

370.340

Sawdust biochar
10 t ha#1

319.000

Coconut shell
biochar 10 t ha#1

355.000

Control 382.800 Acid upland,
Lampung

Shalsabila et al.
(2017)

Bulk den-
sity $ 1.2 g cm#2

Carbon content after
3 months

Cocoa shell
biochar 5 t ha#1

423.600

Cocoa shell
biochar 10 t ha#1

410.400

Cocoa shell
biochar 15 t ha#1

451.200

Cocoa shell
biochar 40 t ha#1

480.000

Without biochar 104.400 Semi-arid,
Lombok

Sukartono and
Utomo (2012)

Bulk den-
sity $ 1.2 g cm#2

Carbon content after
1 year

Coconut shell
biochar 15 t ha#1

138.000

Cattle manure
biochar 15 t ha#1

136.800

Cattle manure
15 t ha#1

108.000

Without biochar 66.960 Acid Sulfate
soil

Masulili et al.
(2010)

Bulk
density $ 1.24 g cm#2

Rice husk
15 t ha#1

408.120 Bulk
density $ 1.14 g cm#2

Rice husk ash
10 t ha#1

319.700 Bulk
density $ 1.15 g cm#2

Rice husk biochar
10 t ha#1

514.800 Bulk
density $ 1.17 g cm#2

Carbon content after
2 months
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jeopardize the efforts to mitigate the climate change (Agus 2011, 2013). However,
biochar is a lifesaver of soil.

11.6.2 Biochar Roles in Greenhouse Gas Emission
Mitigation

Biochar application plays a role in GHG mitigation, especially for CH4 and N2O
emissions (Barthod et al. 2016). Woolf et al. (2010) have estimated the net annual
emissions of CO2, N2O, and CH4 which can be reduced by 12% of equivalent CO2–

C emissions through biochar application without reducing soil productivity and
conservation (Woolf et al. 2010). The effectiveness of biochar in reducing carbon
emissions varies depending on the type of biochar, soil type, and C content
(Zimmerman et al. 2011; Kuzyakov et al. 2009).

Coconut shell biochar is able to decrease CO2 emissions on maize cultivation in
peatland, while rice husk biochar effectively reduces N2O emissions (Maftuah et al.
2016). In other reports, it is in line with the results obtained that biochar reduces N2O
emissions in red soil of Australia (Agegnehu et al. 2015), and also reduces N2O
(52–84%) and NO (47–67%) emissions (Naisse et al. 2015). Some biochar
researches on GHG emissions are summarized in Table 11.8. The trend describes
that biochar application increases CH4 emissions and decreases N2O and CO2

emissions without heavy biochar dosage (Wang et al. 2012; Zhang Bian et al.
2012; Maftuah et al. 2016). In peatland, coconut shell biochar and rice husk biochar
application are very effective to reduce N2O and CO2 emissions (Maftuah et al.
2016) (Table 11.8).

The effectiveness of biochar in reducing GHG emissions depends on the type of
biochar and soil conditions (Hairani 2016). Biochar is effective in suppressing N2O
emissions, but its effectiveness is also determined by land conditions, so that the
incubation conditions in the laboratory may differ from the condition in the !eld
(Fidel et al. 2019). Biochar decreases CH4 production when the acetate concentra-
tion is less than 0.2 mM in paddy !elds; and at acetate concentrations of 2–6 mM,
there is an increase in methanogenic activity (Xiao et al. 2019).

The combination of biochar and other amendments in"uences GHG emission
mitigation. Rice husk biochar combined with multiorganic compost is able to reduce
CH4 emissions from rice cultivation in acid sulfate soil by 38.8% (Annisa 2016).
According to Yu et al. (2012), the effect of biochar on CH4 emissions is related to
soil moisture caused by the addition of biochar. Apart from affecting land humidity,
methane production and consumption are also affected by soil microbial activity.

GHG emissions are strongly affected by redox potential which is most typical in
peatland, indicating groundwater level (GWL) and peatland surface moisture will be
the most important parameter. Unfortunately, as redox potential information is very
limited, it is recommended that GWL, soil moisture, and redox potential must be
measured when GHG emissions are measured. When the biochar application effect
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on GHG emissions can be concluded, it is important to continue the study on
AeroHydro Culture technology development.

11.7 Conclusion

AeroHydro Culture Technology is mainly applied in peatland restoration and reha-
bilitation, of which technology mainly consists of the application of materials from
land surface. Therefore, AeroHydro Culture Technology is available to suboptimal
land, not only peatland. Among the application materials of AeroHydro Culture
Technology, biochar is one of the key materials. As biochar is a porous material, it
has high-water holding capacity, which is a good property even in dry land or
dryness-peatland.

In Indonesia, suboptimal land including peatland is largely potential to be devel-
oped into productive agricultural areas. As suboptimal land, its potential productivity
is limited by poor land quality and water availability. However, the results of various
research efforts carried out have shown that by thorough implementation of appro-
priate management, suboptimal land productivity can be improved. One of those is

Table 11.8 The role of biochar in greenhouse gas emission mitigation

Types of biochar
Emission (kgha#1season#1)

Crop Soil type ReferenceCH4 N2O CO2

Control 16.700 0.050 1850.900 Rice Oxisol,
China

Wang et al.
(2012)Rice husk biochar

25 t ha#1
21.700 0.010 1540.800

Rice husk biochar
50 t ha#1

22.800 0.020 1548.800

Control #0.160 0.090 436.800 Wheat Oxisol,
ChinaRisk husk biochar

25 t ha#1
1.270 0.040 397.700

Risk husk biochar
50 t ha#1

0.050 0.030 491.500

Control 28.300 4.500 1523.700 Rice Entic
Hapludept

Zhang Bian
et al. (2012)Wheat straw biochar

10 t ha#1
24.500 3.100 1306.300

Wheat straw biochar
20 t ha#1

43.800 2.500 1383.400

Wheat straw biochar
40 t ha#1

39.100 2.000 1582.500

Control – 1.400 4500.000 Corn Peatland Maftuah et al.
(2016)Coconut shell biochar

7.5 t ha#1
– 0.600 2500.000

Rice husk biochar
7.5 t ha#1

– 0.800 2300.000

Note: – $ data are not available
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practicing soil amendments, for example, by applying biochar. The effectiveness of
biochar in improving soil properties depends on the type of biochar, its making
process, dosage, application method, biochar size, and soil type. The improvement
of land quality in suboptimal land affects the increase of crop productivity of both
rice, corn, and soybean. In addition to improving land quality that supports land
productivity, biochar also plays a role in soil carbon sequestration. Carbon seques-
tration in mineral soils on suboptimal land soil is another bene!t of biochar other
than its impact on improving soil properties. Furthermore, it may also contribute to
mitigate greenhouse gas emissions. Thus, biochar applied on suboptimal land soil
should increase fertility, improve productivity, and mitigate greenhouse gas
emissions.

References

Agegnehu G, Bird MI, Nelson PN, Bass AM (2015) The ameliorating effects of biochar and
compost on soil quality and plant growth on a Ferralsol. Soil Res 53(1):1–12

Agus F (2011) Environmental and sustainability issues of Indonesian agriculture. Indones Agric
Res Dev J 30(4):140–147

Agus F (2013) Konservasi tanah dan karbon untuk mitigasi perubahan iklim mendukung
keberlanjutan pembangunan pertanian. Pengemb Inov Pertan 6(1):23–33

Amonette J, Joseph S (2009) Characteristics of biochar: micro-chemical properties. In: Lehmann J,
Joseph S (eds) Biochar for environmental management: science and technology. Earthscan,
London, pp 33–52

Annisa W (2016) Peran biochar sekam padi terhadap emisi metana di lahan rawa pasang surut. In:
Prosiding seminar nasional inovasi teknologi pertanian. pp 1441–1447

Ardiyani RR, Sutono S, Sugeng P (2015) Perbaikan retensi air typic kanhapludult Taman Bogo dan
pertumbuhan tanaman jagung melalui pemberian biochar tempurung kelapa sawit. J Tanah
Sumberd Lahan 2(2):199–209

Asai H, Samson BK, Stephan HM, Songyikhangsuthor K, Homma K, Kiyono Y, Inoue Y,
Shiraiwa T, Horie T (2009) Biochar amendment techniques for upland rice production in
Northern Laos 1. Soil physical properties, leaf SPAD and grain yield. Field Crop Res 111:81–84

Balitklimat (2003) Atlas Sumberdaya Iklim/Agroklimat untuk Pertanian. Balai Penelitian
Agroklimat dan Hidrologi, Bogor

Barthod J, Rumpel C, Paradelo R, Dignac MF (2016) The effects of worms, clay and biochar on
CO2 emissions during production and soil application of co-composts. Soil 2(4):673–683.
https://doi.org/10.5194/soil-2-673-2016

Barus J (2016) Utilization of crops residues as compost and biochar for improving soil physical
properties and upland rice productivity. J Degrad Min Lands Manag 3(4):631–637. https://doi.
org/10.15243/jdmlm.2016.034.631

Barus J, Santri N (2016) Perubahan sifat-sifat kimia tanah dan hasil padi pada lahan rawa pasang
surut dengan aplikasi pembenah tanah. In: Prosiding Seminar Nasional Asosiasi Biochar
Indonesia, Pontianak Mei 2016

Brewer CE (2012) Biochar characterization and engineering. Graduate theses and dissertations,
12284. https://lib.dr.iastate.edu/etd/12284

Cetin E, Moghtaderi B, Gupta R, Wall TF (2004) In"uence of pyrolysis conditions on the structure
and gasi!cation reactivity of biomass chars. Fuel 83:2139–2150

356 E. Maftuah et al.



Chen B, Zhou D, Zhu L (2008) Transitional adsorption and partition of nonpolar and polar aromatic
contaminants by biochars of pine needles with different pyrolytic temperatures. Environ Sci
Technol 42:5137–5143

Clough TJ, Condron LM, Kammann C, Müller C (2013) A review of biochar and soil nitrogen
dynamics. Agronomy 3:275–293. https://doi.org/10.3390/agronomy3020275

Dariah A, Heryani N (2014) Pemberdayaan lahan kering suboptimal untuk mendukung kebijakan
diversi!kasi dan ketahanan pangan. J Sumberd Lahan Ed Khusus:1–16. https://doi.org/10.2018/
jsdl.v8i3.6477

Downie A, Crosky A, Munroe P (2009) Physical properties of biochar. In: Lehmann J, Joseph S
(eds) Biochar for environmental management: science and technology. Earthscan, London, pp
13–32

Endriani E, Kurniawan A (2018) Konservasi tanah dan karbon melalui pemanfaatan biochar pada
pertanaman kedelai. J Ilmiah Ilmu Terap Univ Jambi 2(2):93–106

Farrell M, Kuhn TK, Macdonald LM, Maddern TM, Murphy HPA, Singh BP, Baumann K, Krull
ES, Baldock JA (2013) Microbial utilization of biochar – derivate carbon. Sci Total Environ
465:288–297

Fidel RB, Laird DA, Parkin TB (2019) Effect of biochar on soil greenhouse gas emissions at the
laboratory and !eld scales. Soil Syst 3(8):1–18. https://doi.org/10.3390/soilsystems3010008

Fraser B (2010) High-tech charcoal !ghts climate change. Environ Sci Technol 44:548
Gao S, DeLuca TH (2016) In"uence of biochar on soil nutrient transformations, nutrient leaching,

and crop yield. Adv Plants Agric Res 4(5):1–16
Ge Y, Zhang JB, Zhang LM, Yang M, He JZ (2008) Long-term fertilization regimes affect bacterial

community structure and diversity of an agricultural soil in northern China. J Soils Sediments
8:43–50

Githinji L (2014) Effect of biochar application rate on soil physical and hydraulic properties of a
sandy loam. Arch Agron Soil Sci 60:457–470

Güereña DT, Lehmann J, Enders ET, Karanja N, Neufeldt H (2015) Partitioning the contributions
of biochar properties to enhanced biological nitrogen !xation in common bean (Phaseolus
vulgaris). Biol Fertil Soils 51(4):479–491. https://doi.org/10.1007/s00374-014-0990-z

Gul S, Whalen JK, Thomas BW, Sachdeva V, Deng HY (2015) Physico-chemical properties and
microbial responses in biochar amended soils: Mechanisms and future directions. Agric Ecosyst
Environ 206:46–59

Hairani A (2016) Effect of biochar application on soil and plant. Theses (doctoral), Hokkaido
University. https://doi.org/10.14943/doctoral.k12429

Hatta M (2016). Pengelolaan drainase dan pemberian arang hayati untuk meningkatkan
produktivitas padi lahan pasang surut bukaan baru di Kalimantan barat. In: Prosiding Seminar
Nasional. Pengelolaan dan peningkatan kualitas lahan suboptimal untuk mendukung
terwujudnya ketahanan dan kedaulatan pangan nasional (Pemanfaatan biochar untuk perbaikan
kualitas tanah dan pertanian berlanjut), Universitas Panca Bhakti Pontianak, pp 191–200

Knowles OA, Robinson BH, Contangelo A, Clucas L (2011) Biochar for the mitigation of nitrate
leaching from soil amended with biosolids. Sci Total Environ 409:3206–3210

Koutcheiko S, Monreal CM, Kodama H, McCracken T, Kotlyar L (2007) Preparation and charac-
terization of activated carbon derived from the thermo-chemical conversion of chicken manure.
Bioresour Technol 98:2459–2464

Krull ES, Baldock JA, Skjemstad JO, Smernik RJ (2009) Characteristics of biochar: organo-
chemical properties. In: Lehmann J, Joseph S (eds) Biochar for environmental management
science and technology. Earthscan, Abingdon, 631p

Kuzyakov Y, Subbotina I, Chen H, Bogomolova I, Xu X (2009) Black carbon decomposition and
incorporation into soil microbial biomass estimated by 14C labeling. Soil Biol Biochem
41:210–219

Laborda F, Monistrol IF, Luna N, Fernandez M (1999) Processes of liquefaction/solubilization of
Spanish coals by microorganisms. Appl Microbiol Biotechnol 52:49–56

11 Biochar for the Improvement of Peatland and Suboptimal Land 357



Laird DA, Fleming P, Davis DD, Horton R, Wang B, Karlen DL (2010) Impact of biochar
amendments on the quality of a typical Midwestern agricultural soil. Geoderma 158
(3):443–449. https://doi.org/10.1016/j.geoderma.2010.05.013

Lal R (2006) Encyclopedia of soil science, 2nd edn, vol I, vol II. Taylor & Francis, Boca Raton, FL
Lehmann J (2007) Bio-energy in the black. Front Ecol Environ 5(7):381–387
Lehmann J, Joseph S (2009) Biochar for environmental management. First published by Earthscan

in the UK and USA in 2009, p 416
Lehmann J, RondonM (2006) Bio-char soil management on highly weathered soils in humid tropic.

In: Uphoff N (ed) Biological Approaches to Sustainable Soil System. CRC Press, Boca Raton,
FL, pp 517–530

Liewa RK, Nam WL, Chong MY, Phang XY, SuMH YPNY, Ma NL, Cheng CK, Chong CT, Lam
SS (2018) Oil palm waste: an abundant and promising feedstock for microwave pyrolysis
conversion into good quality biochar with potential multi-applications. Process Saf Environ
Prot 11(5):57–69

Li-li HE, Zhe-ke Z, Hui-min Y (2016) Effects on soil quality of biochar and straw amendment in
conjunction with chemical fertilizers. J Integr Agric 15:60345–60347

Lua AC, Yang T, Guo J (2004) Effects of pyrolysis conditions on the properties of activated carbons
prepared from pistachio-nut shells. J Anal Appl Pyrol 72:279–287

Maftuah E, Nursyamsi D (2019) Effect of biochar on peat soil fertility and NPK uptake by corn.
AGRIVITA J Agric Sci 41(1):64–73

Maftuah E, Sosiawan H (2018) Biochar: ameliorant material that environmentally friendly for
swampland. In: Proceeding of international workshop and seminar innovation of environmental-
friendly agricultural technology supporting sustainable food self-suf!ciency. https://doi.org/10.
5281/zenodo.3346073

Maftuah E, Nurita, Simatupang RS, Nursyamsi D (2014) Penelitian pemanfaatan biochar untuk
pengelolaan lahan gambut yang ramah lingkungan. Laporan Hasil Penelitian. Balittra, Banjar
Baru

Maftuah E, Simatupang RS, Subagyo H, Nursyamsi D (2016) Effectiveness of some ameliorants in
reducing CO2 and N2O emission in corn planting in peat land. J Wetl Environ Manag 4(1):50.
https://doi.org/10.20527/jwem.v4i1.50

Masto RE, Ansari MA, George J, Selvi V, Ram L (2013) Co-application of biochar and lignite "y
ash on soil nutrients and biological parameters at different crop growth stages of Zea mays. Ecol
Eng 58:314–322. https://doi.org/10.1016/j.ecoleng.2013.07.011

Masulili A, Utomo WH, Syechfani MS (2010) Rice husk biochar for rice based cropping system in
acid soil 1. The characteristics of rice husk biochar and its in"uence on the properties of acid
sulfate soils and rice growth in West Kalimantan, Indonesia. J Agric Sci 2(1):39–47

Mulyani A, Sarwani M (2013) Karakteristik dan potensi lahan suboptimal untuk pengembangan
pertanian di Indonesia. J Sumberd Lahan 2:47–56

Mulyani A, Priyono A, Agus F (2013) Semiarid soils of Eastern Indonesia: soil classi!cation and
land uses. In: Developments in soil classi!cation, land use planning and policy implications.
Springer, Dordrecht, pp 449–466

Naisse C, Girardin C, Lefevre R, Pozzi A, Maas R, Stark A, Rumpel C (2015) Effect of physical
weathering on the carbon sequestration potential of biochars and hydrochars in soil. GCB
Bioenergy 7(3):488–496. https://doi.org/10.1111/gcbb.12158

Novak JM, Busscher WJ, Laird DL, Ahmedna M, Watts DW, Niandou MAS (2009) Impact of
biochar amendment on fertility of a southeastern coastal plain soil. Soil Sci 174:105–112

Nurida NL, Rachman A, Sutono (2012) Potensi pembenah tanah biochar dalam pemulihan sifat
tanah terdegradasi dan peningkatan hasil jagung pada Typic Kanhapludults Lampung. J Penelit
Ilmu-Ilmu Pertan Buana Sains 12(1):69–74

Nurida NL, Dariah A, Rachman A (2009) Kualitas limbah pertanian sebagai bahan baku pembenah
berupa biochar untuk rehabilitasi lahan. In: Prosiding Seminar Nasional dan dialog Sumberdaya
Lahan Pertanian, Tahun 2008, pp 209–215

358 E. Maftuah et al.



Nurida NL, Dariah A, Sutono S (2015) Pembenah tanah alternative untuk meningkatkan
produktivitas tanah dan tanaman kedelai di lahan kering masam. J Tanah Iklim 39(2):99–109

Ogawa M (1994) Symbiosis of people and nature in tropics. Farm Jpn 28(5):10–34
Ogawa M, Yamabe Y (1986) Effects of charcoal on VA mycorrhizae and nodule formation of

soybeans. Bulletin of the Green Energy Programme Group II, No. 8, Ministry of Agriculture,
Forestry and Fisheries, Japan, pp 108–133

Pandian K, Subramaniayan P, Gnasekaran P, Chitraputhirapillai S (2016) Effect of biochar amend-
ment on soil physical, chemical and biological properties and groundnut yield in rainfed Al!sol
of semi-arid tropics. Arch Agron Soil Sci 62(9):1293–1310. https://doi.org/10.1080/03650340.
2016.1139086

Peoples MB, Brockwell J, Herridge DF, Rochester IJ, Alves BJR, Urquiaga S, Boddey RM, Dakora
FD, Bhattarai S, Maskey SL, Sampet C, Rerkasem B, Khans DF, Hauggaard-Nielsen H, Jensen
BS (2009) The contributions of nitrogen-!xing crop legumes to the productivity of agricultural
systems. Symbiosis 248:1–17

Permentan (2013) Pedoman Kesesuaian Lahan Pada Komoditas Tanaman Pangan. Peraturan
Menteri Pertanian Nomor 79/Permentan/OT.140/8/2013. http://perundangan.pertanian.go.id/
admin/p_mentan/Permentan%20No.79%20Tahun%202013.pdf

Purevsuren B, Avid B, Gerelmaa T, Davaajav Y, Morgan TJ, Herod AA, Kandiyoti R (2004) The
characterisation of tar from the pyrolysis of animal bones. Fuel 83:799–805

Pusat Penelitian dan Pengembangan Tanah dan Agroklimat (2000) Atlas Sumberdaya Lahan/Tanah
Eksplorasi Indonesia Skala 1:1.000.000. Pusat Penelitian dan Pengembangan Tanah dan
Agroklimat, Bogor, Indonesia, 37p

Putri VI, Mukhlis BH (2017) Pemberian beberapa jenis biochar untuk memperbaiki sifat kimia
tanah ultisol dan pertumbuhan tanaman jagung. J Agroekoteknol FP USU 5(4):824–828

Renner R (2007) Rethinking Biochar. Environ Sci Technol 41:5932–5933
Ritung S, Suryani E, Subardja D, Sukarman NK, Suparto H, Mulyani A, Tafakresnanto C,

Sulaeman Y, Subandiono RE, Wahyunto PN, Prasodjo U, Suryana HH, Priyono A, Supriatna
W (2015) Sumberdaya lahan pertanian indonesia: Luas, Penyebaran, dan Potensi Ketersediaan.
IAARD Press, Jakarta, 97p

Rutherford DW, Wershaw RL, Rostad CE, Kelly CN (2012) Effect of formation conditions on
biochar: Compositional and structural properties of cellulose, lignin and pine biochars. Biomass
Bioenergy 46:693–701

Saito M, Marumoto T (2002) Inoculation with arbuscular mycorrhizal fungi: the status quo in Japan
and the future prospects. Plant Soil 244:273–279

Santi LP, Goenadi DH (2010) Pemanfaatan bio-char sebagai pembawa mikroba untuk pemantap
agregat tanah ultisol dari Taman Bogo-Lampung. Menara Perkebunan 78(2):11–22

Santos F, Torn MS, Bird JA (2012) Biological degradation of pyrogenic organic matter in temperate
forest soils. Soil Biol Biochem 51:115–124

Schulz H, Glaser B (2012) Effects of biochar compared to organic and inorganic fertilizers on soil
quality and plant growth in a greenhouse experiment. J Plant Nutr Soil Sci 175:410–422

Shalsabila F, Prijono S, Kusuma Z (2017) Pengaruh aplikasi biochar kulit kakao terhadap
kemantapan agregat dan produksi tanaman jagung pada ultisol Lampung Timur. J Tanah
Sumberd Lahan 4(1):473–480

Simatupang RS, Maftu’ah E, Subagio H (2017) Pengaruh pemberian formula bahan amelioran
terhadap pertumbuhan dan hasil jagung di lahan gambut. In: Fahmuddin A (ed) Prosiding
Kongres Nasional Perkumpulan Masyarakat Gambut Indonesia (HGI) ke VII dan Seminar
Pengelolaan Lahan Sub-Optimal Secara Berkelanjutan. BBSDLP, Bogor

Sohi S, Loez-Capel E, Krull E, Bol R (2009) Biochar’s roles in soil and climate change: a review of
research needs. CSIRO land and water science report 05/09, 64p

Sohi SP, Krull E, Lopez-Capel E, Bol R (2010) A review of biochar and its use and function in soil.
In: Sparks DL (ed) Advances in Agronomy. Academic Press, Burlington, pp 47–82

Soil Survey Staff (1999) Soil taxonomy: a basic system for making and interpreting soil surveys. In:
USDA-NRCS agriculture handbook, 2nd edn. USDA, Washington, DC, p 436

11 Biochar for the Improvement of Peatland and Suboptimal Land 359



Soil Survey Staff (2011) Soil taxonomy a basic system of soil classi!cation for making and
interpreting soil surveys, 11th edn. United States Department of Agriculture, Washington,
DC, p 754

Spokas KA, Novak JM, Venterea RT (2012) Biochar’s role as an alternative N fertilizer: ammonia
capture. Plant Soil 350:35–42. https://doi.org/10.1007/s11104-011-0930-8

Stavropoulos GG (2005) Precursor materials suitability for super activated carbons production. Fuel
Process Technol 86:1165–1173

Steiner C, Teixeira W, Lehmann J, Nehls T, de Macêdo J, Blum W, Zech W (2007) Long term
effects of manure, charcoal and mineral fertilization on crop production and fertility on a highly
weathered Central Amazonian upland soil. Plant Soil 291:275–290

Stewart CE, Zheng J, Botte J, Cotrufo MF (2013) Co-generated fast pyrolysis biochar mitigates
greenhouse gas emissions and increases carbon sequestration in temperate soils. GCB
Bioenergy 5:153–164

Subagyo H (2006) Lahan Rawa Lebak. In: Karakteristik dan Pengelolaan Lahan Rawa. Balai Besar
Litbang Sumberdaya Lahan Pertanian, Bogor, pp 99–116

Subagyo H, Suharta N, Siswanto AB (2000) Tanah-tanah pertanian di Indonesia. In: Sumberdaya
Lahan Indonesia dan Pengelolaannya. Pusat Penelitian Tanah dan Agroklimat, Bogor, pp 21–66

Sukartono, UtomoWH (2012) Peranan biochar sebagai pembenah tanah pada pertanaman jagung di
tanah lempung berpasir (sandy loam) semiarid tropis Lombok Utara. Buana Sains 12(1):91–98

Sutono S, Nurida NL (2012) Kemampuan biochar memegang air pada tanah bertekstur pasir. Buana
Sains 12(1):45–52

Suwardji, Sukartono, Utomo WH (2012) Kemantapan agregrat setelah aplikasi biochar di tanah
lempung berpasir pada pertanaman jagung di lahan kering Kabupaten Lombok Utara. Buana
Sains 12(1):61–68

Taylor MD, Kim ND, Hill R, Stevenson BA (2010) Comparison of soil quality targets and
background concentrations in soil of the Waikato Region, New Zealand. In: 19th World
congress of soil science, soil solutions for a changing world, 16 August 2010, Brisbane,
Australia

Thies JE, Rillig MC (2009) Characteristics of biochar: biological properties (Ch.6). In: Lehmann J,
Joseph S (eds) Biochar for environmental management. Earthscan, Gateshead, pp 85–105

Titiz B, Sanford RL (2007) Soil charcoal in old!growth rain forests from sea level to the continental
divide. Biotropica 39:673–682

Uzun BB, Putun AE, Putun E (2006) Fast pyrolysis of soybean cake: product yields and compo-
sition. Bioresour Technol 97(4):569–576. https://doi.org/10.1016/j.biortech.2005.03.026

Vaegele E (2013) ACR accepting comments on biochar methodology for carbon credits. Biomass,
Oct 2013

Van Zwieten L, Kimber S, Morris S, Chan KY, Downie A, Rust J, Joseph S, Cowie A (2010) Effect
of biochar from slow pyrolysis of papermill waste on agronomic performance and soil fertility.
Plant Soil 327:235–246

Wang J, Pan X, Liu Y, Zhang X, Xiong Z (2012) Effects of biochar amendment in two soils on
greenhouse gas emissions and crop production. Plant Soil 360:287–298. https://doi.org/10.
1007/s11104-012-1250-3

Warnock DD, Lehmann J, Kuyper TW, Rillig MC (2007) Mycorrhizal responses to biochar in soil –
concepts and mechanisms. Plant Soil 300:9–20

Widjaja H (2002) Penyimpanan karbon dalam tanah alternatif carbon sink dari pertanian
konservasi. PPS Ilmu Tanah, IPB, Bogor

Widowati W, Asnah A, Sutoyo S (2012) Pengaruh penggunaan biochar dan pupuk kalium terhadap
pencucian dan serapan kalium pada tanaman jagung. Buana Sains 1:83–90

Woolf D, Amonette JE, Street-Perrott A, Lehmann J, Joseph S (2010) Sustainable 218 biochar to
mitigate global climate change. Nat Commun 1:219. https://doi.org/10.1038/ncomms1053

Xiao L, Wei J, Yuan GD, Bi DX, Wang J, Feng LR (2019) Biochars made in the !eld using coupled
oxygen-limiting and mist spraying technique and their properties. J Southwest Univ (Nat Sci
Ed) 41(6):15–20

360 E. Maftuah et al.



Xu HJ, Wang XH, Li H, Yao HY, Su JQ, Zhu YG (2014) Biochar impacts soil microbial
community composition and nitrogen cycling in an acidic soil planted with rape. Environ Sci
Technol 48:9391–9399

Yao Y, Gao B, Zhang M, Inyang M, Zimmerman AR (2012) Effect of biochar amendment on
sorption and leaching of nitrate, ammonium, and phosphate in a sandy soil. Chemosphere
89:1467–1471. https://doi.org/10.1016/j.chemosphere.2012.06.002

Yargicoglu EN, Sadasivam BY, Reddy KR, Spokas K (2015) Physical and chemical characteriza-
tion of waste wood derived biochars. Waste Manag 36:256–268

Yu L, Tang J, Zhang R, Wu Q, Gong M (2012) Effects of biochar application on soil methane
emission at different soil moisture levels. Biol Fertil Soils 49:119–128

Yu OY, Raichle B, Sink S (2013) Impact of biochar on the water holding capacity of loamy sand
soil. Int J Energy Environ Eng 4:44

Zhang Bian R, Pan G, Cui L, Husaain Q, Li L, Zheng J, Zhang X, Han X, Yu XD (2012) Effects of
biochar amendment on soil quality, crop yield and greenhouse gas emission in a Chinese rice
paddy: A !eld study of 2 consecutive rice growing cycles. Field Crop Res 127:153–160

Zhang T,Walawender WP, Fan LT, FanM, Daugaard D, Brown RC (2004) Preparation of activated
carbon from forest and agricultural residues through CO2 activation. Chem Eng J 105:53–59

Zhang T, Fang C, Li P, Jiang R, Nie H (2013) Application of biochar for phosphate adsorption and
recovery from wastewater. In: Advanced materials research, vol 750–752. Trans Tech Publica-
tions, Stafa-Zurich, pp 1389–1392. https://doi.org/10.4028/www.scienti!c.net/AMR.750-752.
1389

Zimmerman A, Gao B, Ahn MY (2011) Positive and negative carbon mineralization 228 priming
effects among a variety of biochar-amended soils. Soil Biol Biochem 43:1169–1179

Zimmermann M, Bird MI, Wurster C (2012) Rapid degradation of pyrogenic carbon. Glob Chang
Biol 18:3306–3316

11 Biochar for the Improvement of Peatland and Suboptimal Land 361



SURAT PERNYATAAN 
 

 
Yang bertanda tangan dibawah ini : 
 

1. Nama  : Dr. Eni Maftuah, SP. MP 
Instansi  : Balai Penelitian Pertananian Lahan Rawa Banjarbaru 
Alamat  : Jl. Kebun Karet, Loktabat Utara Banjarbaru 

Telp/Fax  : 0511 (4773034)/0511 (4772534) 
 

2. Nama  : Ani Susilawati, SP. MSc 
Instansi  : Balai Penelitian Pertananian Lahan Rawa Banjarbaru 
Alamat  : Jl. Kebun Karet, Loktabat Utara Banjarbaru 

Telp/Fax  : 0511 (4773034)/0511 (4772534) 
 

3. Nama  : Anna Hairani, SP. MP. PhD 

Instansi  : Balai Penelitian Pertananian Lahan Rawa Banjarbaru 
Alamat  : Jl. Kebun Karet, Loktabat Utara Banjarbaru 
Telp/Fax  : 0511 (4773034)/0511 (4772534) 

 
4. Nama  : Ir. Hendri Sosiawan, CESA 

Instansi  : Balai Penelitian Klimatologi dan Hidrologi 

Alamat    : Bogor 
 

  

Menyatakan bahwa bagian buku dengan judul Biochar for the Improvement of 
Peatland and Suboptimal Land dalam buku Tropical Peatland Eco-
managementyang diterbitkan oleh Springer Japan dengan  ISBN 978-981-33-4653-6 ISBN 

978-981-33-4654-3 (eBook) dengan  penulis Eni Maftuah, Ani Susilawati, Anna Hairani, Hendri 
Sosiawan, Dedi Nursyamsi, Mitsuro Osaki dengan uraian kontributor sebagai berikut :  

1. Eni Maftuah, Ani Susilawati, Anna Hairani, Hendri Sosiawan sebagai contributor 
utama 

2. Dedi Nursyamsi dan Mitsuro Osaki sebagai contributor anggota 

 
Demikian surat penyataan ini kami buat untuk dapat dipergunakan sebagaimana 
mestinya.  

 
Banjarbaru, 1 November 2021  
 

 

 
 
Eni Maftuah 

 

 
 
Ani Susilawati 

 

 
Anna Hairani 

 
 

 
Hendri Sosiawan 

 

 
Dedi Nursyamsi 



 
 

 
 
 

 
 
 


