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Preface

S

ome issues are considered in organizing this event, e.g. the increase of
sustainably crop production is challenged by healthy food production by
invasive plant pest and disease, land degradation, climate change, and residues
of agro-chemical materials detected in agricultural soils leading to
environmental contamination. Food sufficiency and quality should be achieved
in agricultural development in the future. Especially in 2020, food security and
safety are an important global issue in entering the era of global trade. All
agricultural products must be safety so acceptable in world trade. Efforts to
achieve and maintain self-sufficiency need good support facilities, utilize
technological innovations and some resources with environmental friendly
approach.
The objective of this event is (i) to explore recently available
environmental friendly technologies to boost crop yield, (ii) to reveal best
practice and best experience in sustainable management crop production, and
(iii) to streng then collaboration and networking on agricultural research and
development for developing environmentally friendly technologies.
Ten scientists as thematic speakers from five countries gather to discuss
subjects covering those objectives. This workshop is intended more than 150
both national and international scientists. Sequence agenda has been organized
in this Workshop and Seminar, including plenary session, parallel sub-thematic
discussions (1. Land management and good agricultural practices, 2. Pesticides
residue and heavy metal managementin agriculture, 3. Adaptation and
mitigation of climate change impacts, 4. Sustainable agriculture and food
security), and field trips. During field trip, we will visit in two site which
applied environmentally friendly management and workshop to demonstrate
compost fertilizer manufactory.
I would like to acknowledge to all speakers, researchers/scientists and
participants whom participated in the international workshop and seminar. We
also thank to SMARTD for providing significant contribution to facilitate this
activity. We hope that this will be a useful source of information in manage
sustainable agricultural systems with environmentally friendly. Thanks for your
attention.
Jakarta, November 2019
Director General, IAARD
Dr. Ir. Fadjry Djufry, M.Si
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Report Of Chair Organizing Committee
Assalamu’alaikumWarahmatullahiWabarakatuh,
The honorable respectable:
1. Dr. M. Syakir, General Director of Indonesian Agency for Agricultural
Research and Develoment, Ministry of Agriculture
2. Mr. F.X. Hadi Rudyatmo, Mayor of Solo City
3. Whom I respect keynote speakers:
- Dr. Kazuyugi Yagi, from KMUT, Thailand
- Prof. Ravi Naidu, from CSIRO Australia
- Dr. Godefroy Grosjean, from CIAT Vietnam
- Dr. Bjoern Roepke, from CropLife Asia
- Prof. Akhmad Fauzi, from Bogor Agriculture University
- Prof. Edhi Martono, from Gadjah Mada University
- Prof. Gustan Pari, from Ministry of Environment and Forestry of
Indonesia
- Dr. dr. Suhartono, from Diponegoro University
- Dr. Widyatmani Sih Dewi, from Sebelas Maret University
4. Dr. Ir. Prama Yufdy, M.Sc., Secretary of Indonesian Agency for Agricultural
Research and Development, Ministry of Agriculture
5. Prof. Dr. Ir. Dedi Nursyamsi, M.Agr., Director of Indonesian Center for
Agricultural Land Resource Research and Development
6. And distinguished guests for the International Workshop and Seminar
Good morning and best wishes for us
Alhamdulilah, praise and thanks to Almighty God who has give us His
blessings and Mercies so we can gather today in healthy and good condition.
Here with I report that committee organizes a thematic International
Workshop and Seminar at Solo, 18-20 September 2018 with theme “Innovation of
Environmental Friendly Agricultural Technology in Supporting Sustainable Food SelfSufficiency”. Agricultural production in the future will be emphasized on
productivity increase to support food security and product quality related to
food safety. To realize it, there are some challenges, i.e. soil degradation, the
invasive organism of plant pest and disease and climate change. In the
agricultural practices, most of the Indonesian farmers tend to use excessive
agro-chemical materials (fertilizer and pesticide). Consequently, inefficient
fertilizer and pesticide residue in soil could contaminate the environment.
In the future, innovative and environmentally friendly technology in
agricultural practices should provide asolution to problems in food security and
food safety. The current problems in agricultural production processes are soil
contamination with heavy metals from various sources, high pesticides residues
v
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and some fertilizer pollution tothewater body. Hence, there is a need to bring
together in innovative academics.
Good agricultural practices should be applied to promote
environmentally friendly agriculture. The innovative technology is including
remediation, reducing pesticide residue, utilization of microbes-plant
accumulator to reduce heavy metals concentration, management of slow-release
N fertilizer and intermittent water irrigation, low GHG emission rice cultivation
and sustainable agriculture, will be discussed during the workshop.
We glad if in this chance General Director of IAARD can give important
preface and we hope Mr Mayor of Solo City can open the International
Workshop and Seminar.
We would like to acknowledge to all speakers, researchers/scientists and
participants whom participated in the international workshop and seminar. We
also thank to SMARTD for providing significant contribution to facilitate this
activity. We hope that this will be a useful source of information in manage
sustainable agricultural systems with environmentally friendly. Thanks for your
attention.
Wabillahitaufiqwalhidayah,
Wassalamu’alaikumWarahmatullahiWabarakatuh
Surakarta, September 18, 2018

Dr. Asep Nugraha Ardiwinata, M.Si.
Chairman of Committee

vi

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5

Contents
Preface ............................................................................................................................. iv
Report Of Chair Organizing Committee ..................................................................... v
Contents ......................................................................................................................... vii
Resume ............................................................................................................................ xi
Innovation of environmental friendly agricultural technology supporting
sustainable food self-sufficiency ................................................................................... 1
Innovation of environmental friendly agricultural technology supporting
sustainable food self-sufficiency environmental risk assessment principles ......... 7
Behaviour of heavy metals and their management to remediate and avoid
agricultural soil contamination ................................................................................... 13
Prioritizing climate smart agriculture interventions to support policy-making . 23
Strategic development of environmentally friendly agriculture in respect to
climate change adaptation and mitigation in Japan ................................................ 30
Implementation of agro-technology to support sustainable food self-sufficiency ... 42
Incorporating economic valuation into sustainable agriculture system .............. 52
Strategy and policy in preventing environmental pollution and degradation .... 60
Pesticides residues in Indonesian environment: our responsibility ...................... 87
Effect of pesticide on human health and environment maternal and child health
issues in agricultural areas in Brebes: Impact of pesticide use? ............................. 93
Review : The impact of biochar aplication in remediation of contaminated soil107
Remediation of arsenic polluted soil using ornamental plants Caladium bicolor 124
Potential risk of organochlorine contamination to human health in Wonosobo
district........................................................................................................................... 129
Effect of biofertilizer on population of phosphate solubilizing bacteria under
green onion cropping ................................................................................................. 138
Farmer’s preferences for plant performance on rice cultivation in rainfed fields
using silicate granule fertilizer in Gunungkidul of Yogyakarta .......................... 147
Japanese Taro/Satoimo’s (Colocasia Esculenta Var Antiquorum). potential and
opportunities as alternative food to support food security .................................. 153
Association between farmer characteristics and level of knowledge with level of
cholinesterase enzymes on farmers in Batu city, East Java ................................... 164

vii

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5

The implementation of rice-fish technology in rainfed lowland on production
and agricultural business feasibility (Case Study Nglanggeran Agrotechnopark,
Gunungkidul, Yogyakarta) ....................................................................................... 172
Effectifity of Pseudomonas fluorescens and Beauveria bassiana on controlling
chili’s pest and diseases ............................................................................................. 187
Residues of organophosphate pesticides in vegetables in traditional market and
supermarket of Bogor city, West Java...................................................................... 197
Remediation technology of chlorpyrifos residue in red chillies planted on lighttextured soils and heavy-textured soils ................................................................... 204
Constructed wetlands for wastewater treatment including those used for fastgrowing timber ........................................................................................................... 217
Study of Bali rivers water quality via automated workflow using python and
arcGIS tools .................................................................................................................. 224
Remediation of paddy soil contaminated by endosulfan residues by applying a
combination of farmyard manures and corn cob biochar..................................... 234
Soil organic carbon stock estimation based on digital map of organic carbon
stock in 30-cm soil layer of Russia ............................................................................ 251
Prospect of phosphate solubilizing microorganisms for acid sulphate soil
bioremediation ............................................................................................................ 265
Influence of path-rows and direct seeded system on productivity of rice (Oryza
sativa l.) ......................................................................................................................... 275
The influence of water saving and foliar organic fertilizer on shallot production
in dryland of NTB ....................................................................................................... 282
Participatory approach for conservation agriculture technology to increase
maize production on dryland and semiarid for adaptation on climate change in
NTB ............................................................................................................................... 292
Innovation of charcoal fused technology to increase the production of plants,
safe and healthy .......................................................................................................... 300
Increasing maize productivity in Meranti Coastal Land through applying
biological fertilizers .................................................................................................... 310
The Stock and Flowpaths of Organic Carbon in the Irrigated Rice Field from
Imogiri Bantul D.I Yogyakarta Indonesia ............................................................... 318
Application jarwo super technology as adaptive environmental friendly for rice
in Jambi tidal swamp areas ....................................................................................... 324

viii

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5

Integration of duck and jarwo super rice system in Riau Province as an
alternative environmental friendly technology on rice cultivation ..................... 331
Farmers responses on climate change to support sustainability of farming
system in Lampung Region....................................................................................... 336
Effect of biofertilizer application on population of nitrogen fixing bacteria and
yields of chili pepper at Temanggung, Central Java ............................................. 346
Jagoan village Boyolali: developing self village through utilizing environmental
friendly biogas from cattle wastes............................................................................ 355
Nitrous oxide (N2O) emissions from high yield rice variety with site specific
nutrient management in rainfed............................................................................... 363
Methane emission from Indonesian high yielding rice cultivars ........................ 369
Soil physical and chemical properties of several soil order in suboptimal
dryland of Aceh Besar District, Indonesia .............................................................. 376
Implementation of cultivation technology environmentally friendly on pest
intensity and chili growth in Lampung ................................................................... 390
CO2 flux and carbon stock from small holder coffee plantation in East Nusa
Tenggara ...................................................................................................................... 398
Cadmium accumulation on shallot which plantedon cadmium contaminated
land ............................................................................................................................... 410
Combined application of organic and inorganic fertilizer on maize (Zea mays L.)
production and reduce N2O emission ..................................................................... 420
Analysis of relationship between rainfall anomaly and SST Nino 3.4 anomaly for
determination of key areas of Indonesia’s climate diversity to support climate
change adaptations on agricultural sector .............................................................. 427
Impact of land use change on water scarcity in upstream Ciliwung watershed,
West Java, Indonesia .................................................................................................. 439
Relationship between agronomic characters with yield of mungbean in wetland . 447
Soil CO2 and N2O emissions affected by ameliorant types and NPK fertilizer
rates under chili cultivation on peatlands ............................................................... 454
In vitro potential test of acetogenic bacteria, fungi and yeast as probiotic of
green house gas reducer ............................................................................................ 469
Estimation of methane enteric fermentation from ruminants in Indonesia using
ALU software at tier 1 and tier 2 levels ................................................................... 476
LIST OF PARTICIPANTS .......................................................................................... 487

ix

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5

Rundown Event .......................................................................................................... 493

x

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5

Resume
INTERNATIONAL WORKSHOP AND SEMINAR
“INNOVATION OF ENVIRONMENTAL FRIENDLYAGRICULTURAL
TECHNOLOGY SUPPORTING SUSTAINABLE FOOD SELF-SUFFICIENCY”
Surakarta, 18-20 September 2018
International Workshop and Seminar with the theme “Innovation of
Environmentally Friendly Agricultural Technology Supporting Sustainable
Food Self-Sufficiency” were held in Alila Hotel Surakarta, Central Java,
Indonesia, 18-20 September 2018. International Workshop and Seminar were
attended by 202 participants, consisting of researchers, academicians from
various universities, practitioners (entrepreneurs and local government), and
stakeholders (Ministry of Agriculture). Participants and speakers were from
Indonesia, Australia, Thailand, Singapore and Vietnam. The objectives of the
workshops and seminars are (i) to collect and disseminate the research results of
current achievements in environmentally friendly agricultural systems, (ii) to
expose innovation of environmentally friendly agricultural technology to
support sustainable food self-sufficiency, and (iii) to build communication
between stakeholders (users and policy makers) and researchers and
academicians in promoting environmentally friendly technology for agricultural
development.
The International workshop and seminar were officially opened by Prof.
Dr. Dedi Nursayamsi, Director of Indonesian Agricultural Land Resource
Research and Development, on behalf of Director General of Indonesian
Agricultural Research and Development. The seminar and workshop were
presented in plenary session, oral presentation in parallel commissions,
teleconference presentation from Russia, poster session, and fieldtrip. The
invited keynote speakers were both from national (from Gadjah Mada
University, Bogor Agricultural University, Ministry of Environment and
Forestry, Diponegoro University, Sebelas Maret University) and International
(from Australia, Singapore, Thailand, and Vietnam) with good reputation in a
given topics.
International Workshop and Seminar raised four main issues as follows:
Pesticides residue and heavy metal management in Agriculture
Agricultural products and food that are hygienic, safe for consumption
and contaminants free are the absolute prerequisite in the global free trade. In
addition, we keep working to improve the productivity of strategic food
commodities due to the increased of food demand and population growth.
The most common contaminants in soil, crop and water are heavy
metals and organic substances. The primary focus issue is agricultural land,
xi
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especially in Indonesia, long-term farming, heavy metal loading, pesticide
residue and implications to soil quality, crop quality and human health.
Distribution of soil degradation by chemical deterioration in Indonesia is lower
than compared to Bangladesh and Thailand. However heavy metals
contaminant in agricultural land should be managed. Heavy metals
contaminants sources in Indonesian agriculture are industrial pollution, textile
industry; other manufacturing industries, active and legacy mines, solid wastes,
waste waters- applications); oil pollution (fossil fuels, old service stations etc);
agricultural pollution (pesticides; fertilizers); and geogenic sources. Several of
heavy metals contaminant in many countries including Indonesia are As, F, Cd,
Se (China, India), Pb, Cu, Zn.
Cd contaminant in Indonesia is quite low (0,04-0.15 mg kg-1) than other
countries. Cd is readily taken up by plants even when present in low amountsbioaccumulation can be high. Management of cadmium contaminant strategy is
needed. Management strategies for cadmium are detailed understanding of the
chemistry of cadmium, loading in soils, crop type, implementation of strategies
that minimise plant uptake. Several technology friendly agriculture can used
such as: liming, bio-char application, organic amendment, addition of Zn, in situ
remediation phytoremediation.
Pesticides were and still are used throughout Indonesian in agriculture.
From farmers to agricultural decision makers, all still believe that pesticides can
not be separated from agriculture. With the existence of tropical disease insect
vectors, pesticides are also very popular pest control, farmer mindset is
pesticide as medicine for plants. Although the intensive use of pesticides in the
1950s, its impact had been recognized since late 1970s, a mere twenty years
after. Despite the implementation of eco-friendly yield increased in rice
production, the National Integrated Pest Management Program was still in lack
of success, the use of pesticides among farmers are still high.
Pesticide use in agriculture, public health, animal health, fisheries
(aquaculture, preservation, park, roadsides. The massive use of pesticides in this
country resulted residues in soils, water, crop, and animals. The persistence of
the first commonly used pesticides in the past, i.e. organochlorine or chlorinated
hydrocarbon, isstill observed in soils. In addition, other residues of pesticides
observed in soils and crops are aldrin, endrin, dieldrin, chlordane, DDT,
endosulfan, heptachlor, lindan.
The consequences of pesticides residue in soils arethe Indonesian export
of agricultural product was rejected in other countries. Therefore, the
government (Indonesian Agricultural Quarantine Agency) shoulduse the same
testmethod using by foreign countries to detect the presence of pesticides
infruits and vegetables.
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The importance of residual analysis, like qualitatively or quantitatively
to obtain spatial and temporal pesticide residue data. Pesticide residue analysis
methods can be done but the cost is high. This problem needs solution the
evolving cost of analysis. The green revolution technology that has been used as
basis for agricultural development must be transformed into bio-revolution in
an effort to increase productivity of agricultural crops while maintaining
environmental quality. The release of pesticides should pass risk assessment
includes hazard / toxicity, exposure, risk characteristics, risk management
(including risk management and profit analysis. Risk assessment elements are
hazard estimation and exposure. Monitoring the environment through risk
assessment and risk management of the use of pesticides and heavy metals is
urgently needed.
People living in agricultural areas are at risk of being exposed to various
toxic substances, such as pesticides and heavy metals like lead (Pb) .People
exposure pollutantsoccured directly, through their involvement in agricultural
activities, or indirectly through contact with the environment contaminated by
pesticide residues in water, air, soil, agricultural or food products
Exposure to pesticides and lead was a risk factor for various types of health
problems specifically related to hormonal dysfunction and the quality of fetal or
child growth and development
Adaptation and mitigation technologies in agricultural sector
The impact of climate change on agriculture is becoming more intense in
recent years. A strategic action should be conducted in order to reduce the
negative impact and high loss in quantity and quality of agricultural products.
Research on mitigating climate change focuses on developing technologies to
reduce greenhouse gas (GHG) emissions from croplands. Soil organic carbon
stock change should be modeled based on long-term field experiments over the
country todevelop options to increase soil carbon sequestration. It was
demonstrated that methane and nitrous oxide emissions from rice cultivation
can be reduced about 30% in Japan by prolongmid-season drainage. The effects
of alternative wetting and drying (AWD) were also tested in the Southeast
Asian countries. The effect of alternate wetting and drying significantly reduce
methane emission in rice field, however it could increase nitrous oxide. Further
research is needed to find technology which reduces both GHGs emissions.
Other activity has been conducting to encounter the climate change in
agricultural sector. It is called Climate Smart Agriculture (CSA). The CSA is
built by three main component i.e. increase productivity and agriculture
income; enhance resilience to climate change (adaptation action) and reduce
GHGs emission (mitigation action) to realize sustainability in agriculture. The
CSA is highly context specific, it mean that no one size fit all solution. Key factor
xiii
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to success on CSA is a planning properly include understanding the context and
challenges of the agriculture sector at various scales and evaluating of financial
implications for farmer and economic return for society. It might need pilot
project, particularly for new technologies and practices. The important thing
should be considered about CSA is intervention related to policy objectives.
Agricultural sectors must become climate-smart to successfully tackle
current food security and climate change challenges. Climate-smart agriculture
is a pathway towards development and food security built on three pillars:
increasing productivity and incomes, enhancing resilience of livelihoods and
ecosystems (adaptation option) and reducing greenhouse gas emissions through
appropriate mitigation technologies. CSA planning is important to understand
the context and challenges of the agriculture sector at various scales, to evaluate
financial implications for farmers and economic return for society, to Pilot might
be necessary, especially for new technologies and practices, and to keep in mind
the bigger picture and how CSA interventions will related to long-term policy
objectives.
Trends in temperature readings from around the world show that global
warming is taking place. Agriculture is clearly among the culprits of climate
change and this sector is also a victim. The impacts of climate change including
higher temperatures, more extreme weather, and worsening disease and pest
problems could significantly reduce the yields of crops. Adaptation and
mitigation is needed to tackle the negative effects on yields. The improvement of
yield productivity and quality is one of the adaptation strategies through
weather forecast, CO2 elevated experiments for rice and modeling in response to
climate change for evaluating future production. Shift cultivation area is
predicted to be happened in the future. Soil management that conserves soil
carbon; restoration of degraded lands; improved pest & disease management;
high-yielding agroforestry; secure and equitable rights and access to financial
services; effective input and product markets; learning processes and
knowledge management are the approaches that covered in climate-smart
agriculture (CSA).
CSA is an approach that helps to guide actions needed to transform and
reorient agricultural systems to effectively support development and ensure
food security in a changing climate. CSA aims to tackle three main objectives:
sustainably increasing agricultural productivity and incomes; adapting and
building resilience to climate change; and reducing and/or removing
greenhouse gas emissions, where possible. Long-term experiments with
continuous organic matter application in Japan demonstrated that soil carbon
stock and yield increased. In order to meet the increasing demand for rice
production of the world, rice paddies will continue to be an important CH4
source in the near future. Alternative water managementin irrigated rice
xiv
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paddies in Southeast Asia is one of the researches focus to mitigate greenhouse
gas emission from paddy fields. New technologies and practices of climate
change adaptation and mitigation will be related to long-term policy objectives
if the intervention could understand the context and challenges of the
agriculture sector at various scales, there is financial implications for farmers
and economic return for society, then innovative financial services and support
need to be put into place as well as targeted incentives (fiscal reform, climate
smart subsidies, etc.).
Linkage between economy and sustainable agriculture
There is lack of synergy between economic aspects and agriculture
sustainability. Economic valuation plays a crucial role to synergy economic and
agriculture. Economic valuation could avoid undervaluation of agriculture
ecosystem which lead to massive land conversions and degradation. Economic
valuation is a pivotal part of food and agriculture by ensuring food availability
through ecosystem services such as water provision, soil quality and soil
fertility, and agriculture services to reduce poverty. Thus, the economic
valuation should be considered and implemented.
Sustainability of food self-sufficiency must be maintained, even though
we face severe threat of climate change, land degradation, and reduced
productive land. Technological innovation in agro-technologies will be key
factors to satisfy future food demand. We be more severe with developed
adaptation and mitigation technology. The combination of biochar and other
organic matter sources in agricultural practices could promote sustainable
agriculture
Policy and recommendations
Regulation are crucially needed for pesticides and heavy metals in soil,
water and crops. Government Institution to control production, distribution,
monitoring the use of pesticide should be at the high ranking level, not only
form as a commission. Strengthening the implementation of regulations related
to the supervision of pesticide distribution, pesticide use, and strict food safety.
Strategy to prevent environmental degradation is recommended to support
sustainable agriculture management and carbon sequestration, e.g. regulation to
stop/reduce pollution and degradation, giving insentive for farmers using
organic fertilizer (biochar-compost-liquid smoke), and applying good
agricultural practices (using low emission cultivars, intermittent irrigation, agroforestry practices and biochar applications) are recommended to support
sustainable agriculture management. Quantification of risk assessment and risk
management for pesticides and heavy metal pollutants is crucially
implemented.
xv
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Innovation of environmental friendlyagricultural technology supporting
sustainable food self-sufficiency
Andi. M. Syakir
Head of Indonesian Agency for Agricultural Research and Development
Jl. Ragunan 29 Pasar Minggu Jakarta Selatan 12540, Indonesia
Self-suffiency of rice, shallots, and chili were reached in 2016, selfsuffiency of corn were achieved in 2017, and soybean is targeted on 2020. Even
since 2016, Indonesia has no longer import any comodities such as rice
(medium-class rice), fresh chili, and shallots. In 2017, Indonesia has stop corn
inportation, meaning that we save about 10,6 billion rupiah of foreign exchange.
The achievement of production and self-sufficiency also have an impact
on the welfare of farmers. Self-suffiency of rice, shallots, and chili were reached
in 2016, self-suffiency of corn were achieved in 2017, and soybean is targeted on
2020. Even since 2016, Indonesia has no longer import any comodities such as
rice (medium-class rice), fresh chili, and shallots. In 2017, Indonesia has stop
corn inportation, meaning that we save about 10,6 billion rupiah of foreign
exchange. Indonesia is proved by exporting 7.561 tons of shalloots to Thailand,
Malaysia, and Timor Leste. The increase of such crop productivity is due to the
innovation of technology such as pest resistance of high-yielding variety,
balanced fertilizer application, agricultural machinery utilization, water and soil
management, and synergy collaboration between farmers, government,
privates, stakeholder and other components. The number of prosperous farmers
household has increased from 85.2% in March 2014 to 85.87% household in
March 2017.
The poverty in rural areas also decline. In March 2017, the poor
population in rural areas becomes 17,10 million people decrease 842 thousand
people or 4,7% compared to March 2015 as many as 17,94 million people. The
gini ratio in the rural areas improved, in March 2017 by 0,320 decrease by 0,014
point or 4,19% compared to March 2016 by 0,334. Based on evaluation result
from The Economist Intelligence Unit (EIU), in 2017 Indonesia ranks 69 of 113
countries for food security, rank 64th of 76 for aspect of food availability, while
ranks 21th out of 25 countries for food sustainability index.
The effort to achieve and mantain self-sufficiency requires crop
production facilities that are supportive and enviromentally friendly. In the
future, the achievement of agricultural development is not only measured by
production-success as known as food-sufficiency but also measured by food
quality and food safety. Food safety is an important global issue to be
concidered to enter world free market. In the future, the challenges of
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agricultural development will be more difficult and need serious attention from
all parties.
In the year 2020, we will enter the eras of global market that prioritize
the balance of natural work naturally so as not damage the environment. All the
traded product must meet the specified standards in order to be accepted in the
global market. The product listed must met in terms of security. So that,
Indonesia product acceptable in world trade.We react them by implementing
environmentally friendly agricultural cultivation with various appropriate
technological innovation, sustainable, integrated, which is packed with
approaches of integrated crop management, system of rice intensification,
cultivation-based on super planting-distance, low external input supply
agriculture (LEISA), organic farming, climate smart agriculture, and
conservation agriculture.
In the past decades, environmental issues have contributed to
sustainable agricultural development, including global warming and climate
change, degradation of agricultural land resource and a decrease of
environmental quality including pollution of agrochemical material in soil,
water and agricultural products. Global warming has become serious issues that
attract world attention. Global warming is due to an increase of concentration
and emission of anthropogenic greenhouse gases which affect climate change
and threaten food insecurity. On the other hand, agricultural sector is regarded
as the source GHGs emissions at the same time. Therefore, cultivation practice
requires innovation and technology in effort to decrease global warming
impacts.
The green revolution technology that has been agricultural basis must be
transformed into bio-revolution in an effort to increase productivity of
agricultural crops while maintaining environmental quality. Cultivation
activities in effort to increase production should be done wisely and
appropriately. Usage of excessive agrochemical material (inorganic fertilizer,
pesticides) by farmer solely to achieve the expected production. The use of these
chemical material can reduce quality of agricultural product in terms of security.
Usage of excess agrochemichal material can pollute environmental and increase
contamination in soil and plants.In the past decades, environmental issues have
contributed to sustainable agricultural development, including global warming
and climate change, degradation of agricultural land resource and a decrease of
environmental quality including pollution of agrochemical material in soil,
water and agricultural products. Global warming has become serious issues that
attract world attention. Global warming is due to an increase of concentration
and emission of anthropogenic greenhouse gaseswhich affect climate change
and threaten food insecurity. On the other hand, agricultural sector is regarded
as the source GHGs emissions at the same time. Therefore, cultivation practice
2
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requires innovation and technology in effort to decrease global warming
impacts.
Indonesia has committed to reduce national GHGs emissions. Based on
President Regulation 61/2011 and Intended Nationally Determined
Contributions (INDC, 2015), reduction of GHGs emission is 29% reduction with
own efforts in 2030 or 41% reductionif received financial and technological
support from industrialized countries. In the last decade, global warming is an
environmental issue which becomes serious attention by local, regional, global
societies. Global warming occurs due to the increase of concentration and
emission of greenhouse gas (GHGs) in atmosphere. Climate change impacts
significantly in agricultural sector which threaten food security. However,
agricultural sector also is source of main GHGs such as carbon dioxide,
methane, and nitrous oxide. Methane is produced by anaerobic decomposition
of organic matter which occur in rice cultivation, biomass burning, enteric
fermentation, and manure management. While nitrous oxide is produced as
intermediate product in microbial nitrification-denitrification processes which
occur in nitrogen fertilization, agricultural land, manure management.
General Policy of Agricultural Sector:
Adaptation action program as a top priority to secure food for all
Indonesian people. Mitigation action program supports National Action Plan of
GHG emission reduction and can be done through the development of
environmentally friendly technology innovation. Mitigation can be
implemented as long as it does not sacrifice production and as long as it can be
done in synergy with mitigation
The next step after innovation is its implementation of applied
environmental-friendly agricultural technology.Strategy of improve agriculture
environment are needed. Remediation of agrochemical contaminations is an
effort to reduce contaminant or pollution from agricultural land. There are some
remediation using innovation technology, e.g. amelioration, bio-remediation,
and phyto-remediation. Besides that, improving regulation and governmental
policy could suppress inappropriate agrochemical material uses.
Amelioration is a technology to increase soil fertility while could absorb
toxic compounds in soil and reduce pesticide residue in soil and water. Dry
compost, activated charcoal (rice husk, coconut shell) have high iodine
absorption and could absorb insecticide residue (aldrin, lindane, heptachlore,
dieldrin and chlorpyrifos. Dry manure, dry compost, rice husk charcoal, and
coconut shell charcoal have iodine absorption as much as 223, 312, 406,1192 %
(Ardiwinata et al, 2005). Application of cattle manure, household waste and peat
from Rawa Pening could decrease Cd in rice straw. Tea waste, zeolite and cattle
manure could also reduce in Cd in rice.
3
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Technology of urea coated by either active charcoal or biochar can
increase nitrogen use efficiency while reduce pesticide residue in soil. Urea
coated biochar is a slow release material so that nutrient is more effective
absorbed by plant to fitits requirement. Also surface and porous charcoal can fix
heavy metals and pesticide residue. Existence of pores in charcoal provides
ideal habitat for some microbes including degradation bacteria. Bioremediation
is a part of environmental biotechnology which utilities microbial activity to
degrade dangerous contaminants to materials with less toxicity or no toxic. The
certain microbial use for remediation decrease effectively pesticide residue in
rice field.
The use of dissolved phosphate bacteria could reduce carbofuran in the
soil by 99,6%. Pseudomonas mallei dan Trichoderma, sp. could reduce insecticide
residue of organochlorine (dieldrin, endosulfan, DDT dan heptaclor).Bacteria
could also increase in effectivity of urea coated by biochar and reduce in hexa
chlorobenzene and aldrin by 33,1% and 33,6%, respectively. Urea coated active
charcoal from corn ear enriched by degrading pesticide microbes can reduce
residues of dieldrin and aldrin as much as 55.6% and 49.3%, respectively (Sri
Wahyuni et al., 2015). The use of UAC enriched consorsia microbes can
remediate residues of heptachlor, DDT in soil as much as 71% and 94%,
respectively.
Reduce Water Contaminant by Filter inlet-outlet in irrigation canal.
Contaminants in irrigation water should be filtered to minimize their residues
before entering in the field. Filter contained biochar from agricultural wastes can
be lain on inlet-outlet canals.There are some strategies to anticipate climate
change impact in agricultural sector, e.g. adaptation action as main priority to
stabilize food security, Mitigation action as co benefit of adaptation saction
through development of agricultural technology with environmental friendly,
Adaptation action should be synergic with mitigation action to achieve target of
agricultural development (production and economy). Adaptation actions in
agricultural sector are rice cultivation using adapted rice varieties (drought or
flood resistance rice varieties); application integrated Crop Calendar;
improvement of irrigation canal, water harvester and water pumping;
encourage environmental friendly agriculture; improvement of soil physic to
increase infiltration and water holding capacity by using organic matters.
Mitigation of GHGs emission can be done through water management,
plant management, land management/amelioration, and integrated livestockcrop systems. Methane emission from intermittent irrigation was lower than
continuous flooding (Setyanto dan Abubakar, 2006). Intermittent irrigation
could increase rice production by 5-9% than continuous flooding (Pramono et
al., 2015). Integrated livestock-food crop system (ILCS) is an approach that
synergy between adaptation action with mitigation actions on climate change
4
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impacts. The ILCS improve productivity of soil, plant and livestock, improve
soil fertility, provide renewable energy, and reduce in GHG emission,
particularly methane (CH4) and nitrous oxide (N2O).
Releasing methane emission from rice paddy depend on characteristic of
rice varieties such as character, plant period and root activity. Planting system
was also influence to GHG emission and rice yield, where direct seeded systems
provides rice yield around 76% higher than transplanting system and reduce
21.6% of methane emission (Wihardjaka, 2011).
The ICM approach generally produces lower GHG emission. The ICM
integrates some technologies such as high yielding variety, young seedling,
intermittent irrigation, organic matter and recommended chemical fertilizer. The
application of amelioration materials improves soil fertility and reduce GHGs
emission, e.g. dolomite, zeolite, manure, rice husk, household waste (tea, coffee),
turmeric rhizome and weed. Use of weed Ageratum conyzoides combined with
100% NPK could reduce N2O emission around 12%.
Integrated Livestock and Crops:
Improvement of soil, plant and livestock productivity
Improvement soil fertility
Provide renewable energy
Reduce in GHG emission, particularly CH4 dan N2O
Strengthening the implementation of regulations related to the
supervision of pesticide distribution and pesticide use, as well as strict food
safety. The government must be strict in supervising, monitoring, and
calculating the circulation of pesticides, especially those that have been banned,
organochlorine compounds that are toxic, persistent, and bio accumulative. The
government is also expected to actively monitor the impact of pesticide residues
on agricultural commodities and their production processes.
IPM was successfully implemented in 1997, but is currently weak in its
implementation. Strengthening the program and concept of IPM in improving
the quality and quantity of agricultural products, supported by the progress of
extensive biological pesticide development, including the use of biological
agents, vegetable pesticides. Therefore, the existing IPM concept needs to be
revitalized, enhanced in capacity, must do more simple, and supported by a
strong institutional system.
Development of environmental-friendly agricultural technology is
include of organic agriculture. The role of government in the development of
organic agriculture, organic farming requires investment in capacity building,
farmers' skills, institutional strengthening and infrastructure development. In

5
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addition, the rules and incentives issued by the government can be a driver for
the growth of organic agricultural production.
With the policies of the central and regional governments, it will foster
the independence of organic farmers with the development of facilities /
infrastructure and the development of organic product certification institutions
as well as strengthening supporting institutions such as farmer groups,
extension agents, and marketing institutions. Development of environmentalfriendly agricultural technology that include of organic agriculture, adaptation
and mitigation technology to climate change.
CONCLUSIONS
Application of environmentally friendly technology should give high
production while maintain environmental quality. The available technology
with environment friendly must be delivered and adopted farmers and user.
Dissemination of upstream-downstream environmentally friendly technology
with a socio-ecological approach should be strived continuously . This event is
of important relating to issues presented earliar. By saying Bismillahi rohmanir
rohim. I officialy open this workshop and seminar. I hope through this
workshop and seminar we could compile ideas and thoughts from expert and
researcher that can be an input for sustainability of Indonesian agricultural
development.

6
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Innovation of environmental friendly agricultural technology supporting
sustainable food self-sufficiency environmental risk assessment principles
Dr. Bjoern Roepke
CropLife

Innovation of Environmental Friendly Agricultural
Technology Supporting Sustainable Food SelfSufficiency

Environmental Risk Assessment Principles
Dr. Bjoern Roepke - CropLifeAsia
Regulatory Affairs & Product Safety
Bayer South East Asia Pte Ltd
Solo, 18 September 2018

What is Risk Assessment / Risk
Management?
Central elements of risk assessment/ risk management:

 Risk assessment
 Hazard/Toxicity
 Exposure

 Risk characterisation
 Risk management
 Risk mitigation
 Benefit analysis

!

Consideration of all elements is important

7
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Hazard vs. Risk in Daily Life
“The Dose makes t he
Poison”
(Paracelsus,
1493-1541)

Pesticides Hazard
Persistent (DT 50)
High LD50
Risk?
=> Depends on the Dose / Use Rate!
4

Elements of Risk Assessment?
Measure of hazard
(toxicity or effect)

Measure of exposure

Questions:

Questions:

◼ Which specific effects are caused
by a substance?

◼ What happens with the
substance in the environment
and or used by man?

◼ Which doses lead to effects?
◼ What are the relevant indicator
species?
Substance intrinsic property,
non-variable

◼ Which amounts can be found?
◼ Which ways of exposure can
occur?
Variable according to use
pattern , local conditions …

The risk assessment integrates both toxicity and exposure data.

8
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Risk Assessment Principle
Key concepts

Risk quotients / ratios

■ Risk = Hazard x Exposure

Risk Quotient

■ At its simplest:
RQ

Exposure < Hazard = No Risk

Therefore:

=

Exposure
Toxicity (e.g. LD50)

Small numbers indicate
safety

(Exposure / Hazard < 1) =
No Risk

!

Hazard may be referred to as
„toxicity“ or „effects“

Effect Study (LC50 / NOEC)
20

20

Exposure Assessment – Soil
Leaching Pathway

Soil Exposure relates to

Exposure

- Dose rate
- Application timing, Cropping
stage / interception
- E-fate parameters: i. e. soil
degradation (DT 50)

!

PEC Soil Single Application

Dose - Interception
PECsoil

Soil (depth, Bulk Density)

Potential Exposure EEC / PEC
Environmental Exposure
Concentrations (EEC) OR
Predicted Environmental
Concentrations (PEC)
22

22
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Exposure Assessment – Soil
Leaching Pathway

Soil Exposure relates to

Exposure

- Dose rate

PEC Soil Multiple Application

- Application timing, Cropping
stage / interception

Dose - Interception
PECsoil

- E-fate parameters: i. e. soil
degradation (DT 50)

!

Soil (depth, Bulk Density)

Potential Exposure EEC / PEC
Environmental Exposure
Concentrations (EEC) OR
Excel Model

Predicted Environmental
Concentrations (PEC)

23

23

Risk Assessment Summary
Based on USEPA
Guidelines for
ecological risk
assessment 1998

A.I. Studies
PC & DT50
Exposure
Use pattern,
Application
Refined Use Pattern
Higher Tier
Efate studies
No safe use

Protection Goal

Characterization of
Exposure Effects

Risk Assessment
RQ = exposure / endpoint
RQ<1 Safe

Biological Effect
(LC50, NOEC)
Fish, Bee,
Bird, Soil
Higher Tier
Effect Studies

Yes: Product Registration

No safe use after higher tier => no registration
Risk Management &
Benefits
Page 24 • Dr. Bjoern Roepke ICAMA-NIES ERA Training • 2013

10
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Hands On Training of ERA
Effect Study
LC50 / UF 10

Use Pattern
(GAP)

Persistence
Efate DT50

No unacceptable
risk

Regulatory
Risk Decision

25

Regulatory Risk Assessment Soil
Study Endpoint
LC50 / NOEC

Tier I: Acute earthworm study and risk assessment
→ PEC/LC50 & PEC/NOEC (OECD 207)

Use Pattern -Exposure (PEC)

PNEC = (LC50/Uncertainty Factor 10)
RQ ≤ 1
RQ = PECsoil/PENEC > 1

Tier II: Refined Risk Assessment / study
PNEC = (NOEC/UF 5)
RQ ≤ 1
RQ = PECsoil/PENEC > 1

Tier III: Earthworm field study
→ Field rate/NOEAER (ISO 11268-3:2014)
RQ ≤ 1
RQ > 1
No unacceptable
risk

Potential Risk /
Risk Benefit
Analysis
26
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Ecological risk assessment as proposed by FAO
(1989)
Risk/Benefit
Evaluation
Probability
of hazard

Risk

Risk
Management

Ecological Serious
significance permanent? Aim
of protection?
(potential)
Hazard

Exposure

Nature
Magnitude
Duration

Benefit

Ecological
Economic
Social

Effect

27

Outlook
■ Risk Assessment is science based regulatory decision making used
across industries (insurance, pharma) and continents
conceptualized by FAO 1989

■ Risk Assessment is Easy! RQ = Use Pattern & DT50 / Effect Study
■ Risk assessment allows to determine actual safety of a product by
considering both hazard and exposure
■ DT50 is not necessarily the most critical parameter
■ Simple hazard criteria or persistence cutoff criteria may lead to
both over or under estimation of risk as they do not account for
actual exposure (use / application)
29
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Behaviour of heavy metals and their management to remediate and avoid
agricultural soil contamination

Ravi Naidu
Email : ravi.naidu@crccare.com

Behaviour Of Heavy Metals And
Their Management To Remediate
And Avoid Agricultural Soil
Contamination

.

Prof Ravi Naidu1,2 (CEO & Managing Director)
and Global Innovation Chair and Director
April 2018
1Cooperative Research Centre for Contamination Assessment and Remediation of Environment and
Global Centre for Environmental Remediation (GCER), University of Newcastle, NSW
COOPERATIVE RESEARCH CENTRE FOR CONTAMINATION ASSESSMENT
AND REMEDIATION OF THE ENVIRONMENT

AGRICULTURE IN INDONESIA
• Agriculture- one of the key economic driver’s
in Indonesia;
• Significant decline in its contribution towards
Gross Domestic Product during the last 50
years- nevertheless it remains major income
generator for Indonesian families
• 2013: contributed 14.43% towards national
GDP- compared to 15.19% in 2010
• Jobs- for 49 million people which equals
41% of the country’s total workforce
• Current: 30% of Indonesia’s land area is
used for agriculture– regulated by the
Indonesian Ministry of Agriculture

Google image
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CONTAMINANT SOURCE IN
INDONESIAN AGRICULTURE
• Industrial Pollution
•
•
•
•

Textile industry;
Other manufacturing industries
Active and legacy mines
Solid wastes, waste waters- applications

• Oil Pollution
•
•

Fossil fuels
Old service stations etc;

• Agricultural pollution
•
•

Pesticides;
Fertilizers
• Metals,
• Nutrients

• Geogenic
FAO, 2015

SOIL CONTAMINATION IN INDONESIAN
AGRICULTURE: case study
• Contamination from industrial wastes
•

Metal input via sewage sludge applications from
textile industries- with this waste disposed directly
into three rivers and contaminated water used for
irrigation- 720 ha of rice land polluted

•

Elevated levels of B, Cd, Pb in soils from
Rancaekaek- 3 districts (Kurnia, 1999)- impact to
rice yield- declining from 4 to 6 mt/ha to 1 mt/ha;

•

High concentrations of Pb, Cr, Cd, Cu and B
reported in rice plants

Kurnia, U., S. Sutono, Markus Anda, Sulaeman, A.M. Kurniawansyah, dan S.H. Tala'ohu. 2000.
Pengkajian baku mutu tanah pada lahan pertaniah. Laporan Akhir Kerjasama Penelitian
Bapedal-Puslitbangtanak. (In Bahasia Indonesia)
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FOCUS OF PRESENTATION: CADMIUM

• Sources of Cadmium in
Agricultural soils
– Industrial wastes- including
application of waste
waters, sewage/biosolids;
– Fertiliser phosphorus;
– Geogenic- though to a limited
extent

• Other contaminants of
potential concern in
agriculture are not heavy
metals- As and F;
• Pesticides.

CADMIUM CHEMISTRY IN SOILS
• Metals can be bound to soil surface;
• A proportion of metals can be free i.e. Not bound and this
form of metal can pose threat to environmental and human
health
• Soil solution composition influences Cd chemistry
–
–
–
–
–

forms soluble complexes with Cl- and SO4=
Forms insoluble CdS in paddy soils under reducing conditions;
Solubility is largely pH dependent;
Similar in chemistry to Zn and so can substitute for Zn in Zn deficient soils
Ionic radius similar to Ca2+so can substitute for Ca2+ in/on minerals, root
uptake, etc.

15
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Managing Heavy Metal(oid)s

Remediation

Removal
Soil
removal

Immobilization
M+ M+ M+ M+
M+ M+ M+
M+ M+
M+

M+ M+ M+ M+
M+ M+ M+
M+ M+
M+

Solution → Solid

Mobilization
M+ M+ M+ M+
M+ M+ M+
M+ M+
M+

Solid→Solution→Plants

Bioavailabilty reduction

IMMOBILIZATION OR BIOAVAILABILITY
REDUCTION
•
•
•
•

16

Liming;
Organic additions;
Biochar;
Precipitation.
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Bioavailable Metal

Liming reduces plant availability of
metals

Increasing lime

Soil pH
✓ Regular liming reduces the
bioavailability of cadmium

Organic amendments reduce metal(loid) toxicity in mine

tailings (Moreno et al., 2005)
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USING BIOCHAR TO REDUCE METAL
AVAILABILITY
• Biochar is a fine-grained, highly porous charcoal
substance that is distinguished from other charcoals in its
intended use as a soil amendment.
• Biochar is charcoal that has been produced under
conditions that optimize certain characteristics deemed
useful in agriculture, such as high surface area per unit of
volume and low amounts of residual resin
Hunt et al. (2010) The Basics of Biochar: A Natural Soil Amendment. Soil and
Crop Management

Mechanism of metal sorption to Biochars

In addition to
biochar
surface-metal
interactions, bio
char changes
soil propertiespH

Beesley et
al., 2015:Biochar and heavy metals. In: Lehmann, J. and Joseph, S. (eds.) Biochar for environmental m
anagement:
science, technology and implementation. 2nd ed. Earthscan, London, pp. 563-594. ISBN 97804157041
51
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Mode of action of Biochar

Biochar:
• Immobilises metals;
• Reduces phytotoxicity;
• Improves biomass;
• Improves soil
physical properties

Beesley et
al., 2015:Biochar and heavy metals. In: Lehmann, J. and Joseph, S. (eds.) Biochar for environmental m
anagement:
science, technology and implementation. 2nd ed. Earthscan, London, pp. 563-594. ISBN 97804157041
51

Immobilization of cadmium and lead
using phosphate: approach for site
specific metal contamination
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Using phosphate to immobilise cadmium

Effect of phosphate on Cd toxicity
Phosphate reduced cadmium toxicity

Cadmium is phytotoxic

www.crccare.com
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Effect of phosphate on tissue Cd content
5 .0
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Cd concentration (mg/kg)
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Dry matter (g/pot)
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✓ Phosphate addition
3 .0 decreased Cd bioavailability
120
thereby reducing metal(loid)
2 .0 phytotoxicity (Bolan et al., 2003)
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IN SITU REMEDIATION- PHYTO-REMEDIATION
• Using phyto-accumulators;
• Enhancing uptake by mobilizing metals
• Caution: ensure that mobilization couples uptake
otherwise potential for leaching of metals into subsurface
and ultimately ground water
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SOIL AMENDMENTS FOR MOBILIZATION
• EDTA: Chelation of metals;
• Thiosulphate: complexation of
mercury;
• Cyanide: complexation of gold
• Phosphate: Mobilization of As

The chelation and complexation
reactions are largely controlled by soil
chemistry – pH and Eh

CONCLUSIONS
• Presence of toxic metals is a key concern given its
potential for bioaccumulation by plants posing risks to
human health
• Managing toxic substances present in agricultural land
can be challenging• For Cd, lime has been and still is the most preferred otion
with Zn and cultivar selection as other options;
• A trans-discipline approach that takes into consideration
nature of soils, soil properties and strategies that lead to
bioavailability reduction
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Prioritizing climate smart agriculture interventions to support policy-making
Godefroy Grosjean
Leader of Climate Policy Hub

Prioritizing Climate Smart
Agriculture Interventionsto
SupportPolicy-Making
Solo, 18September 2018

Dr. Godefroy Grosjean:
Leader, Climate Policy Hub
G.Grosjean@cgiar.org

What isCSA…
Productivity
…isagriculture that
sustainably…

increasesthe
productivityand
agriculturalincomes

Adaptation

reduces/removes
GHGsemissions
where possible
(Mitigation)

Mitigation
enhancesresilience
(Climatechange
Adaptation)

CSApillars
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CSA synergies andtrade-offs
➔ The choice of CSA
practice is highly
context specific

Foodproductivity
Expansion of agricultural
land; increased
mechanization,fertilizer,
irrigation

Productivity & Mitigation: Reduced
deforestation coupled with intensified
farming; switch to high yielding crop,
livestock, and fishery varieties;

Productivity & Adaptation:
better matching of varieties to
local climates; better weather
forecasting to farmers;expanded
on-farm aquaculture; more
interventions in food safety;
weather-proofing of food
transport

Trade-offs

“Triple wins”

Switching to climate-adapted
but lower yielding crop,
livestock, and fishery varieties;
changes in farming calendars
and pastoral ranges;diversified
animalfeeds

Productivity& Adaptation & Mitigation:
soil management that conserves soil
carbon; restoration of degraded lands;
improved pest & disease management;
high-yielding agroforestry; secure and
equitable rights and access to financial
services; effective input and product
markets; learning processes and
knowledge management

MitigationPotential

Re-afforestation with
species of high
sequestration potential;
more energy-efficient
technologies; decreased
mechanization;decreased
fertilizer

Adaptation & Mitigation: Reafforestation with multifunctionaltrees;
more efficient water storage and
management

Adaptive Capacity

Source:adapted fromVermeulen et al. (2012)

CPH Tools & methodologiesacross the decision-making
process
I. Stock-taking &
Understandingcontext

II. Prioritizing
interventions
• CBATool

• CSAProfiles
• MACC
• Sub-National Profiles

• CRVA

24

III.Supporting
Piloting
• AMIAVillages
• CSVGuidelines

IV. Informing policy design
& programimplementation
• Foresightmodelling
• CSVC

• CSA investmentplans
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CSA Practices
Rice
• Alternate Wetting andDrying
• Solar powered irrigation
• Buried pipeirrigation
• Salt /submergence/droughttolerant
HYV
• Urea deep placement

Livestock
• Improved feed for indigenous
and improvedcattle
• Adoption of improvedbreeds
• Biogas for cattle andpoultry
manuremanagement

Non-ricecrops
• Heat and salinity tolerant HYV
(wheat)
• Increasing shares of non-ricecrops
in rabi season (replacing boro)
• Reduction of soil acidity(liming)

Fisheries
• Increase pond area with cultivation
of small indigenous fishspecies
• Conversion of extensive to semiintensivefishponds
• Increase of floodplaincultivation
yields
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Results examples:
trends with andw/o
CSA packages

Water use in million
liters
reference

selected

historical

40
30
20
10
0
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

GHGemissions in
MtCO2
reference

selected

Adaptation

historical

Self-sufficiency (%kcal)

100
80

reference

selected

60
120%

40
20

100%

0

Profits in MIOtaka

2005 2010 201520202025 203020352040 20452050

80%
60%
40%

Mitigation

reference

selected

20%

0%

1,000

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

800

Productivity

600
400
200
0
2005 2010 2015 2020 20252030 20352040 2045 2050

Conclusion
- Climate Smart Agricultureis highly context specific ➔ no one size fit all
solution
- Key to have a structured process for CSAplanning
- For CSAplanning it is important to
- Understandthe context and challengesof the agriculture sector at
various scales
- Evaluation financial implications for farmers and economic returnfor
society
- Piloting might be necessary, especially for new technologiesand
practices
- Important to also keep in mind the bigger picture and how CSA
interventions will related tolong-term policy objectives
- Once we know what to do, innovativefinancialservices and support need
to be put into place as well as targeted incentives (fiscal reform, climate
smart subsidies, etc)
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CSA PrioritizationFramework

Source: adapted from Campbell et al.(2016),Andrieu et al. (2017)
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Strategic development of environmentally friendly agriculture in respect to
climate change adaptation and mitigation in Japan
Kazuyuki Yagi
A contribution to International Workshop and Seminar on Innovative
Environmental Friendly Technology and Sustainable Food Self-Sufficiency
September 18-20, 2018, Solo, Indonesia

Strategic Development of
Environmentally Friendly Agriculture
in respect to Climate Change
Adaptation and Mitigation in Japan
Kazuyuki Yagi
Institute for Agro-Environmental Sciences (NIAES),
National Agriculture and Food Research Organization (NARO)
Tsukuba, Japan
Now at: The Joint Graduate School of Energy and Environment (JGSEE),
King Mongkut's University of Technology Thonburi (KMUTT)
Bangkok, Thailand

Greenhouse Gases and Global Warming
◼ Global surface temperature change for the end of the 21st
century is likely to exceed 2°C for RCP6.0 and RCP8.5,
and more likely than not to exceed 2°C for RCP4.5.

(IPCC AR5 WG1 SPM, 2013)
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Greenhouse Gases and Global Warming
◼ Global surface temperature change for the end of the 21st
century is likely to exceed 2°C for RCP6.0 and RCP8.5,
and more likely than not to exceed 2°C for RCP4.5.

(IPCC AR5 WG1 SPM, 2013)

Effects of Global Warming
◼ Without adaptation, local temperature increases in excess
of about 1oC above pre-industrial is projected to have
negative effects on yields for the major crops (wheat, rice
and maize) in both tropical and temperate regions.

(IPCC AR5 WG2 Chapter 7, 2014)
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Agriculture, Forestry and Other Land Use (AFOLU)
◼ The AFOLU sector is responsible for just under a
quarter of anthropogenic GHG emissions, mainly
from deforestation and agricultural emissions from
livestock, soil and nutrient management.

(IPCC AR5 WG3 SPM, 2014)

Major Research Activities
on Impact assessment & Adaptation
⚫ Improvement of rice productivity and quality as
adaptation options
⚫ Agro-Meteorological Grid Square Data System
(AMGSDS) for weather forecast
⚫ Free-Air CO2 Enrichment (FACE) experiments for
rice

⚫ Modeling rice production in response to climate
change for evaluating future production
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Changes in climate already taking place: what are the
consequences of recent shift in climate?
Regional yield trends -example of two regions from a northern (Tohoku)
and a southern region (Kyushu) during the 1961-2008 period

Tohoku Region

Kyushu Region

Br ow n r ice y ield ( t / ha)

7
6
5
4
3
2

Tohoku

Kyushu

1
0
1960

1970

1980

1990

2000

2010

Year
Data from “Statistics on Crop and Statistics on Cultivated Land and Planted Area”, Statistics Department, Minister's
Secretariat, Ministry of Agriculture, Forestry and Fisheries, MAFF.
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Agro-Meteorological Grid Square Data System (AMGSDS)
for weather forecast
⚫ Issues a weather warning, e.g., cold and heat damages.
⚫ Recommends appropriate farm management, e.g., fertilizer application.

The Agro-Meteorological Grid Square Data
The system produces and distributes daily agrometeorological grid(approx. 1 km) data, which seamlessly
links observed values since 1980, up to 26 days of
numerical forecasts, and climatic normal values.
 Air Temperature  Relative Humidity
 Precipitation
 Solar radiation
 Wind Speed
 Atmospheric radiation

Monitoring

Forecasting Climatic

<-7日平均->

Today
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Data Service and User Support
Users can acquire data for any spatiotemporal range from
the dedicated server.
Technical supports by wiki and mailing list are available as
well.

User

NARO
Data
Transmission
Server

Data Production
Device

Wiki, Mailing List

OPeNDAP

 Crop grows prediction
 Fertilizer/pesticide application planning
 Estimation of pest distribution
 Crop variety / crop calendar selection
etc.

HTTP Get
Technical support
Sample programs

Negative effects of elevated CO2 on the grain quality
⚫ The presence of chalky grain
was increased by high
temperature.

presence of chalky grain (%)

Increment in rice yield by elevated CO2 (%)

⚫ The increment in rice yield by
elevated CO2 was suppressed
by high temperature.

Average temperature during 30 days
after the heading of rice (℃)

Heat-dose during 20 days after
the heading of rice (℃)
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FACE Experiment + Rice Production Model
Evaluation of Future Rice Production in Japan
Monitoring
results from
FACE
experiment

Rice production model

Parameters for simulation
1位

2位

Cultivars

あいちのかおり
あきたこまち
あさひの夢
はえぬき
ヒノヒカリ

ひとめぼれ
ほしのゆめ
キヌヒカリ
きらら397
コシヒカリ

こしいぶき
まっしぐら
ななつぼし
つがるロマン
夢つくし

都道府県別主要栽培品種（2003）

Transplanting date

作柄地帯別水稲移植日（2000）

Simulation Results for Future Rice Production in Japan
◼ Rice quality in 2081-2100 based on 4GCM
◼ Changes in the proportion of high quality rice to total production
◼ Based on the risk for heat stress index during 20 days after heading

Current TP dates

Adapted TP dates

◼ Future warming may significantly decrease rice quality in many regions
◼ Changing dates of transplanting may reduce the risk
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Impact on Orchards
✓ Insufficient or delayed coloring of maturingstage apple and grape fruits
Poor coloring of
apples
and
grape fruits

✓ In citrus mandarin orange, “peel puffing” due to high
temperature and frequent rains, and sun burn of fruits
due to higher temperature and intense solar radiation
citrus “unshu”

“Peel puffing” (left)
Normal fruit (right)

Impact on Livestock
✓ Impacts of high temperatures in summer are reported as
follows: a fall in milk yields, milk constituent and
reproductive performance of dairy cows, and a fall in the
rate of gain of beef cattle, pigs, and chickens.
✓ A declining feedstuff intake caused by rising
temperatures in the summer time will bring more
impact on the growth of pigs and chickens.
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Major Research Activities
on Mitigation
⚫ Modeling stock change of soil organic carbon
based on long-term field experiments over the
economy

⚫ Reducing methane and nitrous oxide emissions
from rice cultivation by alternative water
management
⚫ Greenhouse gas mitigation in irrigated rice paddies
in Southeast Asia (MIRSA project)

Long-Term Experiments in Japan
○ Since 1975, the MAFF has conducted long-term experiments with continuous
organic matter application under typical soil type and cropping system of each
prefecture (over 150 sites in total), which demonstrated that soil carbon stock
increased through organic matter application such as compost.
（ 全 炭C素
(% )）
Total
(%)
2 .5
Plot with
Compost
(7.5t/ha/year)
稲Rice
わ らStraw
たい肥
0 .7 5 t 区
2
稲わら
た い 肥(2.5t/ha/year)
0 .2 5 t 区
Plot with Rice Straw
Compost
1 .5
化 with
学 肥Chemical
料単用区
Plot
Fertilizer Only
1

○ Example of long-term experiment (Gray Lowland Soil; upland)
0 .5
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18
（連用
年数）
Years

Data：”Basic Survey of Soil Environment (Benchmark Survey)” Yamaguchi Pref. Agricultural
Research Institute. Figure for a year is the three-year average including the previous and the
next year to that year.
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Long-Term Experiments in Japan

Change of Soil Carbon in Paddy Fields
⚫ Straw removed
⚫ No manure
水田-化成

T-C変化量 (g/kg)

10
5
0
-5

平均
5
平均

15
10
5
0
-5

10 (yr) 15

20

稲わら堆肥10t/ha

20

平均

-10

-10
0

稲わら

20

15

⚫ Straw removed
⚫ 10 t/ha manure

T-C変化量 (g/kg)

20

T-C変化量 (g/kg)

⚫ Straw reterned
⚫ No manure

15
10
5
0
-5

平均

-10
0

5

対数
(平
均)

10 (yr) 15

20

0

5

10 (yr) 15

20

T. Ota, NARO (2011)

Rice Paddies: A major source of methane
◼ Rice paddies represent a globally
important source of atmospheric
methane (CH4).

◼ Estimates of CH4 emissions from
rice paddies are equivalent to
~11% of the global anthropogenic
CH4 emissions (IPCC, 2014).
◼ In order to meet the increasing
demand for rice production of the
world, rice paddies will continue
to be an important CH4 source in
the near future.
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How we can mitigate CH4 emissions from a rice paddy?

◼ Methanogens are strict anaerobic archaea, and thus their
activity is enhanced under reductive conditions in a
flooded paddy soil.
◼ In contrast, methanogens are significantly inhibited under
oxidative conditions caused by draining practices.

AWD: Alternate Wetting and Drying
As far as I know, the term “AWD” is now used as a common term that
denotes “water management practice during rice growing period.”
In our project, the three practices are shared and tested at all the sites.
1. Continuous flooding: as reference practice

2. Safe AWD: naturally drained until the surface water table reaches
–15 cm; and then irrigated…
3. Site-specific AWD: established based on scientific experience of
each monitoring site (i.e., can differ in the practice among the sites)

Water table

–15 cm

Safe
Time course
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MIRSA Project
(Greenhouse Gas Mitigation in Irrigated Rice Paddies in Southeast Asia)

Scaling Factor
(AWD / CF)

Emission Factor
(daily emission)

No mitigation

Notes
• IPCC values for multiple aeration
• Weighted mean ± bootstrapped 95%CI
• Mean w/o & w: without & with Munoz WS
• AWD and AWDS combined

Lower CH4 mitigation effect than
IPCC’s default SF.
 Varying weather conditions during
the field experiment.
(Tirol-Padre et al., SSPN, 2018)

Conserve the environment by listening to wind,
observing soil and thinking of our future
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Implementation of agro-technology to support sustainable food selfsufficiency
Widyatmani Sih Dewi

Implementation of agro-technology
to support sustainable food self-sufficiency

Widyatmani Sih Dewi
Universitas Sebelas Maret

Why should we support sustainable
food self-sufficiency?
a. The mandate of the law → Law No.17 of 2007
concerning the 2005-2025 National Long-Term
Development Plan, which is currently entering phase III
(2015-2019).
➢ The agricultural sector as the leading sector of
providing food for the community (± 268.1 million
people in 2019 and to be ± 318 million by 2045).
b. The Strategic Plan 2015-2019 Ministry of Agriculture:
➢ Agricultural Development is directed at food
sovereignty that must begin with food self-sufficiency
➢ One of the strategic targets of 2015-2019 is the
achievement of rice, corn, and soybean selfsufficiency (Ministry of Agriculture, 2015).
c. The big vision ‘Indonesia becomes the world's food
4
storage in 2045’ (Sulaiman et al., 2017).
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Rice Production in Indonesia (million ton)
2015
2016
2017
2018
2019
Target
73.445 76.226 78.132 80.085 82.078
Realization
75.398 79.353 81.385
(Source: BPS is processed by the Directorate General of Food Crops, 2018)

Rice production and consumption in Java, January - March 2018 (Source: ICRR, 2018)
Production

Consumption

Area

Month

West Java

January
February

566,286.00
1,245,797.00

355,288.00
781,613.00

47,379,389.00
47,379,389.00

341,605.00
341,605.00

13,683.00
440,008.00

March

1,893,461.00

1,187,958.00

47,379,389.00

341,605.00

846,353.00

Central Java

January
February

620,690.00
1,896,497.00

389,421.00
1,189,862.00

34,019,095.00
34,019,095.00

214,660.00
214,660.00

174,761.00
975,202.00

March
January
February
March

1,817,796.00
428,610.00
1,350,193.00
2,026,739.00

1,140,485.00
268,910.00
847,111.00
1,271,574.00

34,019,095.00
39,075,152.00
39,075,152.00
39,075,152.00

214,660.00
265,711.00
265,711.00
265,711.00

925,825.00
3,199.00
581,400.00
1,005,863.00

East Java

Dry unhusked rice, ton

Rice , ton

Population, indv.

Rice, ton

Surplus, ton

8

A serious threat to agriculture
Climate
change
➢ 18 to 38.6 million ha
degraded land from 1992
to 2002 (Ministry of
Agriculture, 2015)
➢ ± 65 % of the 7.9 million
ha of paddy fields have
low to very low C organic
(C-organic < 2%)
(Suntoro, 2003; IAARD,
2006; Setyorini et al.,
2010).

➢ Increasing average of atmosphere
temperature
➢ Pattern & intensity of rain fall
➢ Flood & drought
➢ Increasing climate extreme events
In the last 5 years: ± 29,743 ha area
of paddy fields affected by floods &
± 82,472 ha affected by drought (Ministry of
Agriculture, 2015).
➢ Plant pests and diseases
➢ Decreasing yield & productivity

Water scarcity, GHG,
Soil Health, reduced
productive land

Land
degradation

Sustainable food
self sufficiently

Agric. land
conversion

➢ Conversion rate =
100,000 ha /year
➢ 80% in Java
➢ The ability to open
new rice fields =
40,000 ha / year
➢ Decreasing
productive land
(Ministry of Agriculture,
2015)

10
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Soils play a major role in climate
feedbacks because they release
and absorb greenhouse gases,
such as CO2 and CH4, while
storing large quantities of C and
acting as a significant global
carbon sink (Bargert & Wardle
2010)

ATMOSPHERE

LITOSPHERE

MINERAL
45%

HIDROSPHERE

BIOSPHERE
ORGANIC
MATTER 5 %

Soil
chemical

Soil organic matter is one of the
key strategies to maintain the
sustainability of soil quality / soil
health
The agricultural system can be
sustainable if the SOM content is >
2% (Loveland 2001).

SOM
Soil
physics
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1% is
SOIL
BIOTA

Soil
biology
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Climate change impacts on crop yields →
staple food crops were vulnerable to the impacts of climate change
➢ Model simulation results use daily weather data in Latin America and
Africa, predicting a decline in corn yields of around 10% by
2055, equivalent to losing 2 billion $ per year (Jones &
Thornton, 2003).

➢ DSSAT model shows that during the main and off growing
seasons, increase in temperature and changes rainfall pattern in
Malaysia can be expected to reduce the rice yield by 12 and
31.3%, respectively, until the year 2030 (Vaghefi et al., 2016).
➢ South Sumatera, Indonesia, had decreasing wetland paddy, upland
paddy, corn and soybean production, respectively with an average
9.44, 22.00, 10.7 and 10.10% per year (Ruminta et al., 2018)

Decreasing of Paddy, Corn and Soybean Production Due to
Climate Change in Indonesia (Ruminta et al., 2018)
➢ Climate change influence crops through its effects on the
growing, development and yield
➢ The objective of this study was to assess level of climate change risk
in staple food crops production (paddy, corn and soybean)
➢ Research has been conducted in South Sumatra, Indonesia
➢ The results of this study indicate that staple food crops were
vulnerable to the impacts of climate change, indicated by hazards
such as decreasing production of paddy, corn and soybean due to
air temperature increase and rainfall change
➢ Generally, South Sumatera had decreasing wetland of
paddy, upland paddy, corn and soybean production, respectively
with an average 9.44, 22.00, 10.7 and 10.10% per year.
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Soil Organic Management to increase
C-stock (C-sequestration) and reduce
greenhouse gas emissions

25

1. Zero waste on integrated farming systems:
quail livestock - catfish - vermiculture - organic vegetables (Dewi et al., 2014)

Vermiculture + vermicompost
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2. Empowering farmers in utilizing organic waste to diversify earthworm
livestock products (Dewi et al., 2016)

3. Integration of varieties, biochar, and Azollae to obtain high-yielding and low
GHG emission rice (Dewi et al., 2017)
GHG emission

High yield
Varieties
N2O

&

Low emission of
CH4, CO2, N2O

CO2

CH4

Bio-char

Azollae
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We need to combine various qualities of organic matter

(Source: Hairiah et al., 2004)

The litter is categorized as easily decompose if the ratio of C: N <25, lignin content
<15% and polyphenols <3% (Palm and Sanchez,
1991)
37

Source: Hairiah et al., 2004)
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4. Water harvesting using ‘embung mini’ (Komariah et al. 2015)
➢ Constructed by Private or Group
➢ Farmer Empowerment of Conserving Water

39

CONCEPT

PUMP/ DRAW
OUT THE WATER
FOR IRRIGATION

WATER +
SOIL
41
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5. Water pump solar system (SPATS) (Apribowo et al., 2018)

43

SPATS debit is 15 - 20 m3 per day

Specifications:
o submersible pump with
motor driver 48-220 Volt
300 W,
o 600 Wp Solar Panel,
o Pure Sine wave 2000 W
inverter,
o MPPT Charge Controller,
o NYYHY Power cable 2 x
2.5 mm 15 meters long,
o safety MCB box,
o HDPE pipe size 2 inch 10
meters long, iron frame and
hard wheel.

Since climate change is affecting food and agriculture now and in the
future, we need to increase the pace of adaptation and achieve additional
mitigation benefits whenever possible (Vermeulen, 2014)

(Source: Vermeulen, 2014)
45
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Best Management Practices →
integrated plant, soil, water, pest and disease management
Sumatra and Kalimantan are predicted to become wetter while Java, Bali and Nusa Tenggara are likely to
experience a drier climate (Piesse, 2015).
✓ Selection of high-yielding rice varieties and ‘extreme conditions’
tolerant :
o Flood, Drought, Saline, and Acid tolerance
o Pest and disease resistant

✓ Water use efficiency Technology
✓The application of biotechnology and nanotechnology

✓ Two important information:
o Weather information
o Planting calendar information
46

4.

Conclusion

❑ Sustainability of food self-sufficiency must be
maintained, even though we face severe threats of climate
change, land degradation, and reduced productive land
❑ Technological innovations in agro-technologies will
be key factors to satisfy future food demand

❑ We must be more severe with developed adaptation and
mitigation technologies.

We must work together, and do our best according to our
expertise to realize food sovereignty in Indonesia.
47

51

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3270859

Incorporating economic valuation into sustainable agriculture system

Akhmad Fauzi
Bogor Agricultural University

Incorporating Economic Valuation
into SustainableAgriculture
system

Prof. Akhmad Fauzi.Ph.D

Faculty of Economicsand
Mangement
Bogor AgriculturalUniversity

Development Paradox
This is a clear
example of
lacking synergy
between
economic
aspects and
agriculture
sustainability
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Howthe synergy of economic and sustainable
agriculturework?

Income

Agriculture as naturalcapital
(NaturalAsset)

EconomicActivities

Total Economic Valuation
Ecosystem Services

The role of natural capital in national wellbeing

Constanza et al,2014
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Economic Valuation forFood
andAgriculture
•Economic valuation is a
pivotal part for food and
agriculture by ensuring fiid
availability through
ecosystem services (water
provision, quality and soil
fertility)

Economic Valuation of Agriculture support 8 goals of SDGs
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Agriculture Valuation
reduces povertythrough
ecosystem services

Deliver through localeconomic
development
• Increase productivitythrough
ecosystem service
• Combined with ecotourism
• Small and mediumenterprises
Reducepoverty

Valuation
reduces hunger
(SDG no 2)
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Economic
value of
agriculture to
well being

Valuasi dalam Proyek Pertanian
m Services

Ecosyste

Sumber: Asibett & Kragt,2010
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Economic Value of AgriculturalServices
Jasa LingkunanPertanian

Nilai

Pengaturan hama

US$ 70 -260/ha/tahun

Nilai rekreasi(perikanan)

3 -9% darinilai lahan

Rekreasi(Hunting)

$ 1.9 – US$ 2.2/trip/tahun

Pengaturan banjir

2 -4 % nilai lahan pertanian

Water quality regulation

US$ 40 -67/ha/tahun

Other economic values

Nilai ekonomi total lahan basahsecara global mencapai
US$ 14,9 trilyun (Constanza et al,2014)
Pemerintah kota New York membeli lahan basahsebesar
US$ 1,5 milyar untuk menghindari kerugian banjir
SebesarUS$ 3 – 8 milyar (www.panda.org)
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Example from WestJava

Economic value of Rice Field in WestJava
Size area 936.525Ha
Use Value Rp 39trilyun
Fungsi Non -use
Pest contril
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Nilai (Rp/Ha)
1, 95 juta

Aesthetic

273 ribu

Mineralisation

1,85 juta

Soil Fertility

858 ribu

Nitrogen Fixation

559 ribu

Carbon Acccumulation

260 ribu

Water Quality

695 ribu

Bee polination

832 ribu

Shelterbelts

2,6 juta
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Smiley Curve:Value capture of AgricultureProducts
Value
Added
High
Present

present

1960s-1970s

R
Key
&
parts
Low D
upstream

Indonesia?
Assembly

Sales

After
Sales
Downstream

Concluding Remarks
• Synergiof economic and agriculture through economic valuation
plays crucial role to ensureagriculture
• Economic valuation provides a correct signal to public policy on
the “total value” of agriculture as a sustainable system
encompassing economic, social and environmental dimensions.
• Economic valuation could avoid undervaluation ofagriculture
ecosystem which lead to massive land conversions and
degradation
• Effective synergy could only be possible with support from policy
makers and political will
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Strategy and policy in preventing environmental pollution and degradation
Nur Adi Saputra and Gustan Pari*
Forest Products Research and Development Center
*Corresponding author: gustanp@yahoo.com
ABSTRACT
Agricultural practices are relevant to productivity and environmental impact, a
contradictory and an intriguing debate. A single process of agricultural has been
identified to emit greenhouse gas (GHG). Even agricultural components, consisting of
soil, water, rice varieties, organisms and interactions among components its self,
contribute to climate change. Investigation of CO 2, CH4 and N2O emission levels needs
to be strictly, especially on degraded agricultural land. Thus, soil processing, rice
varieties, irrigation patterns, fertilization applications and pesticides are carried out as
environmental mandates. The authors recommend the use of low-emission varieties,
intermittent water management, agroforestry applications and biochar amendment from
agriculture, estate and forest residue to minimize environmental impacts. Application
biochar, compost and liquid smoke (3 in 1 technology) in agriculture and forest
plantation its can be reduce CH4, N2O and CO2 emission gas and increasing the yield of
agriculture.
Keywords: agriculture, emission, greenhouse gas (GHG), biochar
INTRODUCTION
Agriculture faces economic interests, especially the development of
manufacturing industry and its supporting infrastructure. Decreasing in land
area, especially rice farm, occurs every year. Agricultural area decreased
approximately0.2% (2013) and 0.3% in 2014, equivalent 16 and 24 thousand ha
of rice farm. Central Bureau of Statistics (BPS) data states that the rice farm in
2014 was 8.11 million hectares. Declining in area not in line to increasing in
agricultural productivity. Indonesia rice production ranks third after China and
India, both of which produce 55% of the global needs. In 2014, China produces
more than 206 thousand tons, India production more than 157 thousand tons,
while Indonesia produces about 70,000 tons. In fact, Indonesia productivity was
53.41 quintal ha-1.
The government continues to increase agricultural production and
productivity through intensification and extensification. Panca Usaha Tani
Program: sustainable soil farming, irrigation, superior variety, fertilization and
eradication of pests, were representing agricultural land intensification. The
implementation of agriculture extensification program carried out within
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framework of agrarian reform and social forestry (SF). The objective of agrarian
reform was to grant ownership of converted forest to community, while the SF
target was to increase people's access to forests by maintaining the primary
mandate of the forest itself. The indicative allocation land of Agrarian Reform
Object (TORA) according to Decree of the Minister of Environment and Forestry
180 / MENLHK / SETJEN / KUM.1 / 4/2017 was 4.85 million hectares. SF
indicative area of approximately 13.46 million hectares (SK.22 / MENLHK /
SETJEN / PLA.0 / 1/2017).
The exchange of information and experience in the implementation of
intensification and extensification becomes crucial at this point, providing new
perspectives and sustainable management mandates. Agriculture and climate
have a sensitive relationship between the two. The function of agriculture as soil
organic carbon (SOC) uptake contributes to stabilizing the earth's temperature
rising below 2%. However, agricultural activity has the potential to increase the
risk of climate change. Agricultural practices have the potential to release CO2,
CH4 and N2O emissions, all of which are an important part of GHG emissions,
contributing around 60, 20 and 6%, respectively (Singla & Inubushi, 2013).
Furthermore, agriculture, forestry and other land uses (AFOLU) are responsible
for reducing GHG emissions. The target of AFOLU emission reduction was 1012 GtCO2eq .y-1 to 0.6 GtCO2eq .y-1(Frank et al., 2017). Agriculture is responsible
for lowering emission levels at the level of 0.008 GtCO 2eq .y-1 (26% scenario) or
41% scenario of 0.011 GtCO2eq .y-1. The provisions are regulated in Presidential
Regulation 61 Year 2011 on the National Action Plan for Green House Gas
Emission Reduction (RAN GRK). The focus of this paper is to investigate
agricultural practices, Panca Usaha Tani Program, through the environmental
aspects approach.
DEFORESTATION AND DEGRADATION
The global meeting placed particular concern on deforestation and
degradation. The summit of international recognition to deforestation and
degradation occurred at the COP-13 in Bali. Parties agreed to accommodate
deforestation and degradation through Reduction of Emissions from
Deforestation and Degradation (REDD) mechanisms, and supplemented by
sustainable forest management and increased carbon stock uptake. However,
definition of "deforestation" and "degradation" itself has not been resolved in the
REDD+ debate (Hosonuma et al., 2012). The initial approach was pinned on
variabels that lead to forest deforestation and degradation. At least there were 5
drivers of deforestation (Hosonuma et al., 2012), namely: (1) commercial
agriculture, (2) subsistence, (3) mining, (4) infrastructure and (5) settlement
expansion. While degradation triggers (Hosonuma et al., 2012) were: (1)
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logging, (2) uncontrolled fires, (3) livestock grazing and (4) firewood. The data
on deforestation and degradation rates has not found accuratly, given the
dynamics of extent and forest cover occurring. These metadata becomes very
important in carbon stockinventory. The calculation approach of carbon stock
through emission factor (EF) and sequestration factor (SF) becomes logically
accepted in such dynamic conditions. As a result, Indonesia has carbon stocks of
874.37 tonnes ha-1, scattered in various forest cover (Rochmayanto et al., 2014),
these finding has lower than the previous, 1 614.81 tonnes ha-1(Masripatin,
Ginoga, et al., 2010).
Table 1. Carbon stocks by forest in Indonesia
Natural forest
Dipterokarpa
Protected
Fired forest (secunder)
Mangrove (secunder)
Cultivated (secunder)
Lowland (primery)
Highland (primery)
Lowland (secunder)
Highland (secunder)
Gambut
Fired peat
TOTAL

ton C .ha-1
234.81
211.86
31.4
118.3
210.45
247.4
103.16
113.2
39.48
200
104.75
1614.81

AGRICULTURAL PRACTICES
Soil characteristics
Soil is an agro-fundamental productivity and affects all terrestrial life.
This characteristic is attached to the nature of the soil and the reciprocal to the
environment. A slight mismanagement leads to the land being vulnerable to
degradation and adverse impacts. The soil strategic issue is its function as a soil
organic carbon (SOC)stock, related to global climate change. Increased
concentrations of GHG have made SOC stocks of particular concern. In this
context, the type of soil becomes an interesting discussion material for studying
its basic characteristics and capabilities in storing SOC. KLHK(2016) classified
the land into 8 orders, with each emission factor (EF): Alfisol (FE = 1.93),
Andisols (1.02), Entisols (1.2), Histosol (2.39), Incepticols (1.13), Oxisols (0.29),
Ultisols (0.29) and Vertisol (1.06). The order of histosol (peat) is categorized as
the highest emission factor, whereas Oxisols and Ultisols are among the lowest.
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Entisols, Andisols, Alfisols and Inceptisols included young soils of volcanic
material (Kurniawan et al., 2010).
The potential for greenhouse gas (GHG) emissions may originated from
soil itself. Soils without fertilization or irrigation treatment, naturally, emit CH 4
<1 mg .m-2.hour-1 while the addition of organic or nitrogen fertilizer will increase
CH4 emissions around 1-6 mg .m-2 .hour-1(Khalil et al., 2008). The emission were
influenced by the specific soil conditions, especially the temperature, which will
quantify how much carbon was absorbed and released (Suntoro, Mujiyo,
&Syamsiyah, 2013; Tang et al., 2017). The combination of high temperatures and
low humidity had potential to release higher GHGs, as opposed to the opposite
provision. CO2, CH4 and N2O gases resulting from soil carbon decomposition
will contribute to the concentration of greenhouse gases in the atmosphere. At
this point, information on the potential GHG emissions from agricultural land
becomes important knowledge for environmental impacts. At the same time, the
soil binds carbon and releases it back into atmosphere. Carbon stocks (organic
and inorganic) were strongly influenced by soil types, related to soil ability to
bind and store carbon (Srinivasarao et al., 2016). Environmental factors such as
soil moisture, temperature (Grutzmacher et al., 2018; Srinivasarao et al., 2016),
biomass burning, soil treatment technology, plant species (Khalil et al., 2008)or
surface water contribute to carbon precipitation. Soil moisture and temperature
were major factors in nutrient cycles and carbon stocks. Thus, each type of soil
has different abilities at specific locations (Olson, Al-Kaisi, Lal, & Lowery, 2014).
The Order of Vertisols, Inceptisols and Alfisols possesses mastering capability in
storing SOC, while Ardisolswas well storing inorganic carbon, at <30cm
thickness (Bhattacharyya et al., 2009).
The rain-fed Alfisols, seeded by nuts, has higher potential emissions
compared to Incepticols(Suntoro, Mujiyo, & Syamsiyah, 2013), caused Alfisol
(300 m asl) was lower than Incepticols (1188 m asl). Another factor that affects
emission levels is above ground vegetation. N concentrations in nuts(Suntoro et
al., 2013)was higher than paddy (Bobihoe, 2004) or vegetables (Purba, Ashar, &
Santi, 2012). CO2 and CH4 emissions from Andisols and Incepticol may occur
under aerobic and anaerobic conditions (Khalil et al., 2008; Tang et al., 2017).
Aerobic observation (CO2) was conducted in the post-harvest season and
anaerobic conditions (CO2+CH4) wascarried out at rotation age. There was a
fundamental difference between post-harvest emissions and crop rotation, in
which SOC were fermented to CH4(Khalil et al., 2008; Tang et al., 2017) and N2O
(Khalil et al., 2008; Qi, Niu, Zhou, Jia, & Gao, 2018) during the plant growth
period. Total potential of aerobic soil emissions of Andisolswas in the range of
72.2-1018.6 mgC .kg-1, whereas Inceptisols has the potential to release CO2 as
much as 64.9-599.8 mgC .kg-1(Tang et al., 2017). The total potential of Andisols
anaerobic soil emission (CO2+ CH4) was 124.1-184.7 mgC .kg-1, whereas
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Inceptisols has the potential to release 69.0-248.3 mg.C .kg-1(Tang et al., 2017).
Under aerobic conditions with the same temperature, humidity and vegetation,
Andisolhas a higher CO2 emission potential than Inceptisols. However, at low
temperature, Andisol emissions wasnot significantly different as at high
temperatures (15&25 0C). The review indicated consistency with previous
studies (Khalil et al., 2008; Meijide, Gruening, Goded, Seufert, & Cescatti, 2017;
Qi et al., 2018; Suntoro et al., 2013), temperature has a positive relationship to
SOC emissions. The temperature rise triggers the activity of soil microorganisms
in decomposed soil nutrients, thus increasing in soil respiration and SOC
decomposition (Meijide et al., 2017). Entisols has the potential to release GHG of
1407.4 mg .m-2 .h-1(Qi et al., 2018). Emissions of cultivated land without fertilized
were lower than fertilizer or biocharamendment (Qi et al., 2018). The addition of
biochar to the soil is generally to improve soil aeration and reduce emissions.
However, biocharamendementresulted in CH4 emissions 1.6 times higher
during 96 days of growth (Qi et al., 2018). Thus, the interaction between soil
microorganisms and biochar increases the potential for SOC release. A contrast
condition, the ability to store SOC is lower than its emission potential. The SOC
potential of Alfisols between 23.28 to 49.83 Mg .ha -1, Andisols of 20.10-27.36 Mg
.ha-1, Inceptisols 29.81-32.54 Mg ha-1(Srinivasarao et al., 2016) while Entisolswas
106 tons .ha-1(Khanday, J.A. Wani, & Jan, 2017).
The peat land of Histosol is superior in storing SOC. The drainage and
O2 concentration was the most responsible environmental factor in
decomposition process (Schulz et al., 2017). Threat to the carbon reservoir will
causedimbalancing GHG concentrations in atmosphere. Emissions from
peatland conversion to agriculture and grasslands contribute around 914.593
Mt.CO2eq .year-1, more than 85% from CO2(Tubiello, Biancalani, Salvatore,
Rossi, & Conchedda, 2016), while the ability to store the SOC at 390 tons .ha 1(Khanday et al., 2017). The use of incentive farming systems to increase cereal
productivity mostly in subtropics, Australia (De Antoni Migliorati et al., 2016).
The addition of nitrogen fertilizers to Oxisols and Vertisols soils increased
potential to N20 emissionsfluks, whose risks to climate change were closed 300
times greater than that of CO2(De Antoni Migliorati et al., 2016). Naturally, the
soil releases N2O in small concentrations. Limited water in Vertisol causes N2O
emissions to be greater than Oxisols. Vertisol has the potential to release N 2O by
0.24 ± 0.17 kgN2O-N .ha-1 compared to 0.11 ± 0.02 kgN2O-N .ha-1 in the
oxysols(De Antoni Migliorati et al., 2016). The ability to absorb SOC of Oxisols,
Ultisols and Vertisol, respectively, 150 tons .ha -1, 101 tons .ha-1 and 38 tons .ha1(Khanday et al., 2017).
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Water Management
Water management were classified into 2 broad categories; continuously
flooded and intermittently flooded (Khalil et al., 2008). Inundated condition
using irrigation systems, where water flows by stages and farming systems.
Natural/artificial water source areas use irrigation system, where the land is
inundated in the preparation stage until the plants grow well. Flooding
conditions was to reduce rice plant competition with weeds, but increase the
potential for CH4 emissions (Supriatin, 2018). The application of agrofishery
system (mina paddy) requires the land to be inundated due to agriculture and
fishery responsibilities. The “mina paddy” was included in CH4 decomposition
efforts on agriculture (Supriatin, 2018). Another type of unlogged land
throughout the year was rainfed agriculture (Khalil et al., 2008). Rainfed
agriculture land has a critical condition during the rainy season. The hard pen
layer holds infiltration of rainwater, thus increasing the water level. The
formation of methane gas was directly proportional to the water temperature
(Supriatin, 2018). Increased in water level will increasing the water temperature
and triggering the methane. Both water management systems contribute to
GHG emission.
The highest CH4 emissions were released during rainy season, where
there was an increasing water levels (Naharia, Setyanto, Arsyad, Burhan, &
Aswad, 2018; Susanti, Sabiham, Anwar, & Las, 2014). Dry farm has lower
emissions compared flooded and moderate land by 34% and 41% respectively
(Arif et al., 2016). Supriatin (2018)stated, there were six factors for CH4 emission
in the rainy season: (1) increased water level; (2) hard pen holds water
infiltration into the soil; (3) organic material by surface flow; (4) proteinas
bacterial substrate; (5) anaerobic decomposition and (6) the dissolved CO 2
content of rainwater increases the amount of methanogen bacteria. CH4 flux was
influenced by water regime (Naharia et al., 2018) occurs periodically every 1-3
weeks (Arif et al., 2016). Different process in the dry season, where water level
decreases compared to the rainy season. Decreasing water levels followed by an
increase in O2 concentration that triggers SOC mineralization and produces
more CO2 (Susanti et al., 2014).
The intermittent irrigation has an emission risk of 2-4 times lower than that of
continuously flooded (Khalil et al., 2008).
The emission of CH4 and N2O influenced by irrigation system. In cloudy
and clay conditions, CH4 emissions were higher (Khalil et al., 2008; Meijide et
al., 2017), whereas in intermittent conditions (Khalil et al., 2008) or postharvesting of higher N2O emissions (Arif et al., 2016; Meijide et al., 2017).
Intermittent influenced by the activity of soil microorganisms through anaerobic
and nitrification-denitrification process. Flooded farm lead to anaerobic activity,
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which results in CH4, and N2O emissions derived from denitrification. However,
intermittent lead to increasing in rice and weeds competition (Arif et al., 2016).
Increased N2O emissions occur when the land is not inundated, permit to
nitrification procedure. Ammonium in the soil converted to nitrates
(Nitrosomonas bacteria), then converted to nitrites by Nitrobacter. Temporary
drying in the middle of the growing season to reducing emissions of CH4, as
global warming potential (GWP) CH4 was 25 times fold CO2 (Tirol-padre et al.,
2017). Intermittent irrigation during rice growth has been apply to reduce CH4
emissions by 44% (Meijide et al., 2017) to 71%. CH4 emission suppressed in a
short period, during the drying. However, temperature and microorganism
activity become inherent variable in CH4 flux.
Characteristics of rice variety
Variety determines interaction agriculture with the environment, in a
two-way relationship. Plants produce paddy and GHG emissions, while
environment becomes carrying capacity of agricultural crops (Arif et al., 2016).
Particular cultivar has the potential to release different emissions level (Meijide
et al., 2017, Supriatin, 2018), thus environment can be a trigger or inhibitor of
crop emission. Unthreated Inpara 3 emission was 0.030 mg .m-2 .day-1, smaller
than Inpari 30 (0.040 mg .m-2 .day-1), under the same conditions (Abduh &
Annisa, 2016). Inpara 3 and Inpari 30 were tolerant cultivars in inundated land,
irrigated land, swamps, basin or flood prone areas. A good root system Inpara 3
in oxidizing CH4 believed as a supperior than Inpara 30.
The lowest CH4 emitter was Dodokan cultivar and the highest emitter
was Batanghari (Supriatin, 2018). The surplus of Dodokan emissions are 1.6
grams per kg grain, while Batanghari produces emissions of 43.4 g per kg grain.
Dodokan has 80-95 cm, 100-105 days of rotation period, tolerance to leaf blight
(Bambang Suprihatno et al., 2010). Unlike Dodokan in irrigated land, Batanghari
growing well in swampy area. Batanghari has a height of 105-112 cm, 122-128
days of growing period, intollerant from leaf blight, including Fe poisoning
(Bambang Suprihatno et al., 2010).Superior productivity of Inpari 31 and Inpari
32, reciprocal with emission level, while Mekongga was lowest emision level
(Kartikawati, Yulianingsih, & Wihardjaka, 2016). Biomass positively correlated
with GWP, the higher productivity level sparking the higher of GWP. Crop
biomass contribute to production and CH4 transportation (Kartikawati et al.,
2016).
Fertilizer decomposition
Agricultural contributed CH4 and N2O emission as much as 25% to
climate change. Around 0-40 mg m-2 hour-1, ~ 170 Tg per years, in condition of
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farm vaporized CH4 above this level to atmosphere compactly,even risk of N2O
10 times fold compared CH4 at same level (Khalil et al., 2008). Human activities
believed triggering emission level through water management and manure
practises. In fact, farmer have been using manure to hustle agro-productivity for
a long time. Amendment organic or N-fertilizer potentially increased CH4 or
N2O. Organic fertilizer multiply 2-4 emission of CH4 (Meijide et al., 2017), while
N-fertilizer significantly increase N2O emission (Khalil et al., 2008; Meijide et al.,
2017). Decomposition of organic fertilizer under anaerobic conditions release
CH4, excluded water level decreasing (Meijide et al., 2017). Intermittent systems
can reduce CH4factor by 70%, both organic and N-fertilizer (Tirol-padre et al.,
2017). The linear relationship between organic fertilizer-CH4 and N fertilizerN2O was elementary knowledge to quantify environment hazard. Temperature
play important role by mean of: (1) nutrient decomposition; (2) carbon reduction
to CH4 and (3) increasing soil respiration.
It has been mentioned above, that GHG emissions were influenced by
the use of fertilizers and irrigation system. However, there was a shift pattern of
agricultural management. As China, preffered using N-fertilizer and temporary
flooded, a different experience from the past(Qian et al., 2014). China became
top of N2O emittor while India produce CH4 more intent compare to other
countries. Fact that dislosed by agriculture management, China implementing
intensive farm while India emphasis on submerged policy. An interesting
finding was that Vietnam emission greater than China even with 3 times smaller
farm area. It can be pointed out that all paddy fields in Vietnam impose
continouslyflooaded along a year (Khalil et al., 2008).
Pesticide application
Negative impacts of agro-chemicals on human health (Harsanti,
Martono, & Sudibyakto, 2015), ecology (Susanti et al., 2014) and rice (Raini,
2015), got define serious concern. Human placed in the top of herbivorous
making them the most vulnerable to the pesticides adverse effects.
Consumption of agricultural products contaminated pesticide residues may
health discruption, even death in the highest risk. Particular attention paid to
the pesticides impact on human health. Risk level determined by the type and
pesticides concentration, including interaction time. Harsanti et al. (2015)
reported inhibition of cholinesterase activity due to consumption of well water
exposed to chlorpyrifos pesticide as much as 0.0022 ppm. The patient expressing
fatigue in moderate level due to an increasing acetylcholine hydrolysis which
produces choline and acetic acid.Chlorpyrifos pesticides belong to
organophosphate insecticides (Harsanti et al., 2015), more slowly degraded than
carbamate groups such as the phenobucarb insecticide reported by Susanti et al.
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(2014). Application of paraquat dichloride herbicide, fenobucarb insecticide and
difenoconazole fungicide was proven reducing CO2 and CH4 emissions in tidal
peatland (Susanti et al., 2014). CO2 emissions of 19.97-28.47 mg .m-2 .min-1, lower
than non-pesticide, counted for 31.28 mg .m-2 .min-1 (Susanti et al., 2014).
Peatland soil organic content was responsible parameter to prevent evaporation
of pesticide residu. The peatland colloidal system has a high persistence in
absorbing hydrophobic pesticides (Susanti et al., 2014).
Principally, pestiside targeting agricultural pest discruption, however,
interact with paddy itself. Antibiotic pesticides effectively used to reduce plant
diseases caused bacteria. Antibiotic pesticides target was bacteria infected
tissue. Kasugamycin prevent Pyriculariaoryzae strain growth, causing blast leaf
(Kimura & Fujimoto, 2015; Raini, 2015). Kasugamycin was considered as friendly
pesticides due to decompose by soil microbes (Raini, 2015). Similarity by
Validamycin in different target, namely Streptomyceshygroscopicus (Raini, 2015;
Tan, Peng, Lu, Bai, & Zhong, 2015). Another report by Bekele (2018),
Blasticinpestiside to suppress blast, but phytotoxic to paddy and mitigate human
respiratory health (Raini, 2015).
STRATEGY AND POLICY APPROACH
Agriculture multieticipally: biomass production, income sources and
environmental effect to be consider in policy decision. Synergy of the three, in
practise, difficult to establish due to contradictive among other.For example,
increasing productivity by intensification triggering degradation and increasing
GHG emissions, or reverse interactions. At least there were 4 strategic
approaches related to environmental impacts: (1) sustainable productivity (2)
research investment; (3) environmentally friendly technology and (4)
agroforestry.
Sustainable agriculture management
Soil ability defined by SOC sequestration (Bhattacharyya et al., 2009;
Khanday et al., 2017; Srinivasarao et al., 2016) and SOC decomposition (De
Antoni Migliorati et al., 2016; Fungo et al., 2017; Qi et al., 2018; Suntoro et al.,
2013; Tang et al., 2017; Tubiello et al., 2016) in variety. Thus, soil fundamental
function play important role to ensure sustainable agriculture management. Soil
properties become guidance for fertilization, water management, cultivar
selection and pesticide application. Through Government Regulation of 150
Year 2000 and the Minister of the Environment Regulation (No. 7 Year 2006), the
Government sets criteria for soil degradation to produce biomass, which
degradation defined as a soil response to human activities. The critical land
threshold is more strictly enforced if the area too prone to soil damage.
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Furthermore, the Ministry of Environment issued a classification of land
capabilities, including: soil properties (physical-chemical), topography, drainage
and other environmental conditions. The procedure is stipulated in the
Environment Minister Regulation Number 17 Year 2009 on Guidelines for
Determination of Environmental Support Capacity in Spatial Planning.
Land property placed dynamic law by human activities. Preventive
attempt to be taken to inhibit soil degradation caused by human behavior, such
as planting cover vegetation. There were some plant recommended as a cover
vegetation by the Research, Development and Innovation Agency, Ministry of
Environment and Forestry.Centrosemapubescens Benth.,Colopogoniummucunoides
Desv., Crotalariajuncea L. or Puerariaphaseoloides Roxb. may used to restrain
erosion impacts, increase soil biomass, increase nutrients and simultaneously
increase soil productivity.Another altrenative pursued through water resources
management, not instant due to distinction productivity wetland and dryland.
Law No. 7 of 2004 interprate water resources by surface water, groundwater,
rainwater and sea water on land. However, the regulation focuses more on
building physical installations (irrigation networks) regardless of environment
issues, in this case forest cover. Forest serves water resources including
agriculture in term of increasing produktivity. Thus protected forest play an
important role in this context (Damiati, Lumangkun, &Dirhamsyah, 2015).
However inundated farm emit more GHG against dry/temporary dry land (Arif
et al., 2016; Khalil et al., 2008; Meijide et al., 2017; Naharia et al., 2018; Supriatin,
2018; Susanti et al., 2014; Tirol-padre et al., 2017). Previous researcher
recommended intermittent systems (Khalil et al., 2008; Meijide et al., 2017;
Naharia et al., 2018) to reduce emissions by 2-4 times fold lower (Khalil et al.,
2008), equivalent 44% (Meijide et al., 2017) to 71% (Tirol-padre et al., 2017)
reduction of CH4 emissions.
Extensification is the last strategy to boasting agro-productivity,
synergized with intensification. Principle reasoning originated from soil
property and the ability to store SOC. Critical or unproductive forest turn in into
agriculture land, expected to increase C-soil stock. Printing paddy land
originated from forest was regulated by Minister of Environment and Forestry
Decree No. 180 Year 2017 concerning Indicative Maps of Forest Area Allocation
for Provision of Land Resources Object of Agrarian Reform (TORA). In general,
TORA allocation were divided into 7 criteria, in which agricultural sector gets
1.29 million ha (26.61%) of TORA. Redistribution of assets was arranged by Law
56/PRP Year 1960, where agricultural land was limited to between 5-20 hectares
per person or families. The other side of extensification was SF by maintaining
principal forest function (Decree of the Minister of Environment and Forestry
No.22 of 2017).
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Table 2. Distribution of TORA by land use
TORA

Social Forestry (SF)

No Criteria

(ha)

No

Criteria

Million ha

1

Plantation (20%)

437,937

1

Production forest

5.938

2

Converted production forest

2,169,960

2

Protected forest

3.167

3

Printing new farm

65,363

3

Peatland

2.222

4

Transmigration settlement

514,909

4

Concession

2.134

5

Settlement

439,116

6

Cultivated (paddy &fishpond)

379,227

7

Cultivated farm (dryland)

847,038
Total

13.462

Total

4,853,550

Rice varieties development
Plant breeding through improved variety characteristic intended to
increase productivity, the number and indexs per ha. The harvest potential
closely related to number of productive tillers, number of grains per panicle,
percentage of grain , and rice weight (Abdullah, Tjokrowidjojo, & Sularjo, 2008).
Paddy variety showed similarity characteristic index and distincting traits
(Sitaresmi, Wening, Rakhmi, Yunani, & Susanto, 2013). Amylopectin and
amylose determine rice texture, the lower amylose level-more fluffy (Rohaeni,
Sinaga, & Ishaq, 2012). Local varieties have been breeded and transform to
superior characteristics, in terms of growth and yield potential. The varieties
number till 2018 reached 100, including new variety: 6 Inpari variety , 4 Inpago
and 2 Inpara (Moh. Ismail Wahab et al., 2017).
Table 3.New paddy variety by characteristic (Moh. Ismail Wahab et al., 2017)
High
WPS
Amilosa
AR
Note
(cm)
(gr)
(%)
(t ha-1)
InpariTarabas
131
122
26.4
17.73
4.10
Sawah, lokal
InpariMunawacitaAgritan
123
122
28.77
19.17
6.03
Sawah
InpariMustabanAgritan
118
105
27.17
13.13
6.59
Sawah
InpariSiliwangiAgritan
111
111
26.4
21.2
7.4
Sawah
InpariPadjadjaranAgritan
105
97
26
20.6
7.8
Sawah
InpariCakrabuanaAgritan
104
105
27.1
22
7.5
Sawah
InpagoRindang 1 Agritan
113
130
27.6
26.4
4.62
Gogo
InpagoRindang 1 Agritan
113
138
31.3
16.4
4.2
Gogo
InpagoLuhur 1
124
120
26.4
21
4.8
Gogo
InpagoLuhur 2
123
110
24.6
24.3
4.6
Gogo
Inpara 10 BLB
126
101
24.9
5.0
Rawa
InparaPurwa
121
105
3.8
4.9
Rawa
Note: HAS = harvest days after seedling; WPS = weight per thousand seed; AR = average yield
Variety
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Specifically, the finding for research-based paddy varieties was
regulated by Minister of Agriculture Regulation No. 61 of 2011 concerning
Testing, Assessment, Release and Withdrawal of Varieties. This regulation
intended to provide protection and benefits assurance of research-based new
varieties that do not harm farmer and environment. At least, there are 2 input
for: the environmental impact and the local varieties test time. Agricultural
practises impact to environment needs serious attention, related GHG
emissions. Crop varieties (Abduh & Annisa, 2016; Kartikawati et al., 2016;
Supriatin, 2018), soil (De Antoni Migliorati et al., 2016; Fungo et al., 2017; Qi et
al., 2018; Suntoro et al., 2013; Tang et al., 2017; Tubiello et al., 2016) and water
management (Arif et al., 2016; Khalil et al., 2008; Meijide et al., 2017; Naharia et
al., 2018; Supriatin, 2018; Susanti et al., 2014; Tirol-padre et al., 2017) released
different emission level. Thus, emission level needs to be explicitly regulated in
this regulation. It is deemed not to change regulation substance due in article 26,
environmental aspects have been accommodated as a team member of assessors
to evaluate new variety. The second input, reduction of local varieties test time
prior to release as superior varieties. It was mentioned article 17 that category of
superior local varieties if "has been cultivated more than 5 (five) years for
seasonal crops or 5 (five) years of harvest for annual crops". The test time is
considered too long for local varieties. At least, there are 2 backgrounds: local
variety have been adapted well to domestic environment and climate change
dynamic. Indonesia was secondary center of origin of the rice species (Sitaresmi
et al., 2013), thus it have been tolerance to the domestic environment. In fact, rice
have been a staple cultivated for generations.
Environmentally friendly technology (Emission management).
The 2013-2016 FAO statistics showed that agriculture sector in Indonesia
emits 165,175.73 Gg CO2eq. Year-1, increment of 1-3% per year. Rice cultivation
contribute as much as 38.5%, was highest, and followed by cultivation in
organic soil 21.4%. While enteric fermentation and synthetic fertilizer
contributed 11%, respectively. Government issued Presidential Regulation
Number 61 of 2011 concerning the National Action Plan for Reducing
Greenhouse Gas Emissions (RAN-GRK), and agriculture being a special
discussion (
Table 4). Emission reduction target was 0.008 Gt CO2e (scenario 26%) or
0.011 Gt CO2e (scenario 41%). The first based on Government efforts itself, the
second with international assistance. Referring to FAO data and Presidential
Regulation, agricultural cultivation and organic land cultivation are the main
priorities, followed by enteric fermentation and fertilizers / pesticides. At this
point, the authors will focusing more on land and fertilizer regime.
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Table 4. Emission reduction target by agricultural practices (Presidential
Regulation of 61 Year 2016)
No
1

2
3
4
5

6

Practices
Repair and maintenance of irrigation
Improved 1.34 million ha of irrigation networks
Operationalization and maintenance of irrigation networks 2.32 million ha
Optimizing land
Management of agricultural land-non fired 300,500 ha
Cultivation technology
Environmentally friendly technology covering 2.03 million ha
Fertilizers and biopesticides
Using of fertilizer and biopesticide 250,000 ha
Other land use
Oil palm 860,000 ha
Rubber 105,200 ha
Cacao 687,000 ha
Agricultural energy resources
Waste utilization (1,500 group)
Total

Million ton CO2eq
0.16

4.81
32.42
10.0
74.53
2.38
5.42
1.01
130.73

Various threat cause soil to degrade. Undertaking to prevent
degradation was biochar amendment (Augustenborg et al., 2012; Pari, Roliadi, &
Komarayati, 2013; Qian et al., 2014). Biochar (C) was a pyrolysis product of
various urban organic waste (Qian et al., 2014)biomass especially ligno-cellulose
containing materials (Augustenborg et al., 2012; Pari et al., 2013), containing
C/N high ratio (Van Zwieten et al., 2015), 400-800 0C (Pari et al., 2013). Other
element present uncontested in ligno-cellulose material such as:H, O, S, P and
inorganic content. Further development of carbonization techniques produces
byproduct and derivative product, ordinary called integrated biochar or 3 in 1
product (Gusmailina, Komarayati, & Pari, 2016; Sri Komarayati, Gusmailina, &
Pari, 2011, 2013; Pari, 2014; Pari et al., 2013). The by-products of carbonization
was liquid smoke and derivative products into bioactive biochar composites.
Carbonylation yields generally 75-80% in range, other parts including volatile
groups turn into liquid smoke by condensation process (Pari et al., 2013).
Biochar, with its pore, can hold soil water (Karhu, Mattila, Bergström, & Regina,
2011) saturate SOC (Liu et al., 2018) and nutrients uptake (Liu et al., 2018;
Werner et al., 2018). Biochar or the three, are believed to be soil improvement
agents, while increasing SOC uptake. Thus, carbonization technology was
relevant to the implementation of Presidential Regulation 61 Year 2011, in frame
of reducing GHG emissions, in addition to energy source (Pari, 2014). Simple
technology but useful, produced by utilizing biomass waste (Pari, 2014). Biochar
production mechanism may carried out through traditional kiln, modified drum
kiln, semi-continuous kiln (Pari et al., 2013).
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Biochar positive effects through fertility increment (Augustenborg et al.,
2012; Sri Komarayati et al., 2013; Liu et al., 2018; Qian et al., 2014; Werner et al.,
2018), pH regulation (Liu et al., 2018; Qian et al., 2014; Sandiwantoro, Eko, &
Islami, 2017; Yuriyah, Nurani, Utami, & Silitonga, 2016), aeration (Karhu et al.,
2011; Van Zwieten et al., 2015), habitat of microorganisms (Sri Komarayati et al.,
2013; Van Zwieten et al., 2015; Zheng, Wang, Luo, Wang, & Xing, 2018), water
holding capacity (Karhu et al., 2011) and reducing emissions (Augustenborg et
al., 2012; Grutzmacher et al., 2018; Karhu et al., 2011; Pari, 2014; Van Zwieten et
al., 2015). Specifically for water holding and aeration, creating anaerobic
conditions and denetrification, attempt must be taken as long as air was not
used by plant respiration (Van Zwieten et al., 2015). Beneficiary of biochar and
compost while preparing a macro nutritional. Sri Komarayati et al., (2013)result
showed that C and K concentrations had a significant, but there was a gradual
downward trend in N and P. Increases in N and P only occurred in biochar
amendment of 20% (Sri Komarayati et al., 2013). This fact was similar with
previous studies (Karhu et al., 2011; Qian et al., 2014), an N2O increase emissions
occurs while compost mineralization, after then decreased. Biochar augment has
been proven to improve soil fertility, increasing agricultural yields. Qian et al.
(2014) reported an increase of 28.1% and 31.4% with peanut leather based
biochar and urban waste.
Agriculture recognized to be an attractive discussion due to
contradictive among food security and environmental impact. Food sources
proscuted by population demand, in other hand, environmental impact was an
obligation. Biochar amendment believed to be midpoint between the two. CH4
absorbed in biochar pore, reducing emission level, and preserve 96% compared
to unthreatment from 49.6 to 97.4 g CH4-C .ha-1(Karhu et al., 2011). CH4 uptake
caused by soil aeration and CH4 diffusion (Karhu et al., 2011). Different levels of
decline reported in rice fields around the Yangtze River, CH4 emissions
decreased by more than 45%(Qian et al., 2014). Similar interaction in decreasing
CH4, biochar amendment suppress N2O emissions. Biochar availability alleviate
substrate as nitrification-denetrification mechanism. Gross N-mineralization
exceed 269%, compared to without biochar treatment (Case et al., 2015). Biochar
produced based woody or agricultural residues, has a significant impact on
reducing N2O emissions, compared to other material (Van Zwieten et al., 2015).
Miscanthus based biochar has been proven reduce emissions level of 91-95%
N20 in indigent organic soils and 56-61% in high organic soils (Augustenborg et
al., 2012). Even in sandy loam occured similar respond, biochar addition
recorded a 91% N2O reduction (Case et al., 2015). Lowering N2O emissions in
irrigated rice fields was reported fetch 40% (Qian et al., 2014). It was concluded,
that biochar pathway function mechanism, emission inhibitor, to soil through

73

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5; DOI: 10.5281/zenodo.3345229

soil property improvement (physical, chemical, biological) and the interaction of
all three.
Agroforestry system
A mosaic between agriculture and forestry lies in the agroforestry
system. Traditionally, the mechanism has been implemented in various
countries followed debate on continuing economic deflating. In environmental
side, the consideration based on emission factor. Harmonious inter-connection
between agriculture and environment believed to intensify carbon uptake (De
Stefano & Jacobson, 2018; Dhaliwal, Kukal, & Sharma, 2018; Geelani, Qaiser,
Khan, Mughal, & Husain, 2018) by 15 time fold compared agricultureagriculture combination or 30 more in vegetable-vegetable combination (Geelani
et al., 2018). Agroforestry let trees confer additional biomass, either above or
below the ground. Forest plant and root systems become carbon holder when
harvesting agricultural crops. SOC dynamics during transition period: forestryagroforestry reduce SOC by 24-26%, while agriculture-agroforestry causes a
significant increase by 24-40% (De Stefano & Jacobson, 2018). However, carbon
stocks apply to certain condition, influenced by structure, aging, functional
components and intensity of management (Geelani et al., 2018; Masripatin, Pari,
et al., 2010). Table 5 shows the structure of plants and aging affecting SOC in
Indonesia agroforestry.
Table 5. Carbon stock of agroforestry system in Indonesia
No
1.

2

3

4
5
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Agroforestry system
Cofeemulty-strata in Lampung
Timber based
Fruit based
Shade based
Agroforestry di Tasikmalaya
Sengon
Senngon, mahoni, manglid
Sengon, afrika, cengkeh, dan tisuk
Sengon, avocado, kidamar
Agroforestry di Ciamis
Afrika, Mahoni, Durian
Sengon, Afrika, Cengkeh, Parkia, Mahoni
Kiteja, mahoni, sengon
Sengon, mahoni, afrika, tangkil
Agroforestry cinnamon
Cinnamon dan kentang
Repong Damar
Traditional damar
Intensive damar

Year

ton C .ha-1

20
20
20

39.7
42.2
48.5

2-6
2-6
2-10
2-10

25.15
19.51
25.30
23.21

2-10
2-10
2-10
2-10

48.68
85.27
49.76
41.61

12

22.7

40-60
40-60

102.7
102.7
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RECYCLING BIOMASS TO PREVENT ENVIRONMENT POLLUTION
Agricultural residu and household waste may converted to
biochar(López-Cano et al., 2018). Agricultural wastes such as wheat straw
(Taherymoosavi, Joseph, Pace, & Munroe, 2018), corncob (Zhao, Xue, Long, &
Hu, 2018), peanut shell (Zhao et al., 2018), cotton stalks (Zhao et al., 2018), rice
straw (Liu et al., 2018; Werner et al., 2018; Yang et al., 2018), barley (Jazini,
Soleimani, & Mirghaffari, 2017; Kang et al., 2018) as material for biochar
production (Table 6). With all its advantages, biochar was suspected to be a
good addition to soil (Taherymoosavi et al., 2018).
Taherymoosavi et al. (2018) reported biochar characteristics using wheat
straw (Ws) and wheat straw-basal soil (WsBs). Relative mass loss of Wswas
higher than WsBs, the effect of high non-volatile minerals on basal soils
(Taherymoosavi et al., 2018). Mineral concentration at temperatures of 450 0C
and 650 0C, most of them have similar mineral content at 550 0C. Al, Fe, Ca, Na,
Mg at WsBs 5500C, was higher than other materials, except K was lower than
Ws550 0C (Taherymoosavi et al., 2018). Wsbiochar, as expected, have a fixed
carbon, moisture and volatile material significantly higher than WsBs, except for
ash content (Taherymoosavi et al., 2018). The ash content has an opposite
relation to fixed-C, the lower ash content-the higher the fixed carbon content. In
contrast to the relationship of ash content-fixed-C, the pyrolysis temp against
fixed-C (Taherymoosavi et al., 2018) and temperature-pH, have a positive
relationship. Fixed-C benefiting soil carbon sequestration (Taherymoosavi et al.,
2018), came from the stability ratio of C, H and O on biochar, H/C and O/C
below 0.2, a stable crystal graphite (Chia et al., 2014).
Biochar production using corncob, peanut shell and cotton stalks was
carried out by (Zhao et al., 2018). C-content in each material contain of 68-84%,
H and N respectively, 2.4-5.5% & 0.2-1.8% (Zhao et al., 2018). The dynamics of
C, H and N can be observed at temperature treatment. The trend of C flux tends
to increase in all material and temperature, except corncob which has a decrease
at 600 0C, while H and N tend to rise at 4500C and then decrease at of 600 0C
(Zhao et al., 2018). Biochar combination of rice straw and swine manure shows
different characteristics with other. Swine manure shows affected of biochar
increasing yield and dust content (Meng, Tao, Wang, Liu, & Xu, 2018) caused
decrease manure mineral. The highest C was rice straw biochar and decreasing
along addition of swine manure.Conversion barley into biochar with
diferenceprocedure: temperature treatment of 0, 300, 400, 500 0C(Jazini et al.,
2017) and at a single temperature of 400 0C(Kang et al., 2018). Jazini et al. (2017)
shows detail dynamics of element and molar ration, physico-chemical with
temperature fluks. Along with the pyrolysis temperature there were increasing
on ash content, C, and N; where volatile, O, H, O/C and H/C tend to fall; while S
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was fluctuatively (Jazini et al., 2017). The benefit of C, H, N, S and H/C content
belong to Kang et al. (2018), while O and O/C benefit belong to (Jazini et al.,
2017). Uncontested, material initial threatment gives the advantages of C, H, N,
and S in the product. Drying treatment at 70 0C (oven) for 2 days gave C (71.5%),
H (4.7%), N (1.3%) and S (0.2%) to 56.99%, 2.05%, 0.87% and 0.14%. The
characteristics is important, closely related to SOC residence time, soil pores and
holding water capacity.
Table 6. Characteristics of agricultural residue biochar
Parameter
Proximate
Moisture, %
Ash, %
Volatile, %
Fixed carbon, %
Ultimate
C, %

Wheat
straw

Corncob

Peanutshell

Cotton
stalks

Rice Straw

Jelai

1.6-3.9 a
20.8-81.9 a
3.4-15.2 a
13.4-65.1 a

-

-

-

28.00-47.00 c
-

8.1-12.2 d
21.7-52.9 d
-

81.0-90.4 a

75.91-81.80 b

69.27-82.44 b

68.11-84.19 b

36.34-54.98 c

43.13-66.46
d
71.5 e
H, %
3.0-4.4 a
3.631-4.013 b
2.401-5.065 b
2.842-5.554 b
1.95-2.60 c
1.44-6.27 d
4.7 e
N, %
0.9-1.6 a
0.285-0.599 b
1.425-1.896 b
0.832-1.135 b
1.5-2.08 c
0.48-0.87 d
1.3 e
S, %
0.1-0.3 a
0.13-0.14 d
0.2 e
O, %
5.7-13.5 a
10.86-15.00 c
19.08-42.01
d
22.3 e
H/C
0.033-0.054 a
0.05 c
0.04-0.15 d
0.79 e
O/C
0.097-0.166 a
0.29-0.97 d
0.23 e
Note:a=Taherymoosavi et al. (2018): wheat straw & wheat straw-basal, t= 450 0C, 550 0C, 650 0C; b= Zhao
et al. (2018): t= 300 0C, 450 0C, 600 0C; c= Meng et al. (2018): t=400 0C, ratio rice straw (R) :swine manure
(M)= R, R3M1, R1M1, R1M3, M; d= Jazini et al. (2017): barley straw, t=300 0C, 400 0C, 500 0C; e= Kang et al.
(2018): barley straw, t= 400 0C

However, there is no single empirical data due to comodities variation
and different in harvesting techniques. The entity approach to amount of
harvest per year, as an example, combined agricultural and plantation sectors
produce more than 132 million tons of biomass, while forestry alone produced
more than 41 million m3 of raw material. The three were transformed into a
biomass bank as biochar materials

76

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5; DOI: 10.5281/zenodo.3345229

Table 7. Biomass bank in the farm-plantation and forestry sectors
Comodity

Production in ton
2013
2014
Paddy
71,279,709
70,846,465
Corn
18,511,853
19,008,426
Soybean
779,992
954,997
Bean
906,350
883,485
Palm oil
27,782,000
29,278,200
Coconut
3,051,600
3,005,900
Coffe bean
675,900
643,900
Cocoa
720,900
728,400
Natural forest
45,770,454
44,963,519
Consession
4,852,881
5,447,041
Source: (Central Bureau of Statistics, processed)

Unit
2015
75,397,841
19,612,435
963,183
876,912
31,070,000
2,920,700
639,400
593,300
35,290,288
5,879,380

ton
ton
ton
ton
ton
ton
ton
ton
m3
m3

Biochar has advantages as a soil amendment: increasing nutrient uptake
(S. Komarayati & Pari, 2012; Suwardji, Utomo, & Sukartono, 2012; Werner et al.,
2018), increasing yields (Sandiwantoro et al., 2017; Werner et al., 2018), binding
to soft metal Cd (Liu et al., 2018), soil aggregation (Suwardji et al., 2012; Zheng
et al., 2018), reducing emissions (Grutzmacher et al., 2018). Soil nutrients are
important for plant growth and productivity, but are often lost due to
degradation or washed away by surface runoff. Biochar amendment believed to
be able to withstand these effect. Biochar present immobilize P, K, and Mg, and
feeds to plants, especially P as a growth agent (Farrar et al., 2018; Liu et al., 2018;
López-Cano et al., 2018; Werner et al., 2018), except for N there was an interim
downward trend (Liu et al., 2018; W, Kusnarta, & Sukartono, 2018; Werner et al.,
2018). Biochar can also be used as a soil metal binder. The addition of biochar,
with the ability of cation exchange capacity (CEC) and pH regulation
(Ohsowski, Dunfield, Klironomos, & Hart, 2018; Zheng et al., 2018), capture Cd
through cation deposition and CEC (Liu et al., 2018). This type of cation
exchange also helps in binding to soil minerals (Ohsowski et al., 2018; Zheng et
al., 2018), thereby increasing the aggregation process (Zheng et al., 2018).
Cd exchange has an internal relationship with SOC, negatively, the
higher the Cd content will decrease SOC. Rice husk biochar was superior in
absorbing Cd than bamboo biochar(Liu et al., 2018). The wider pore surface on
biochar gives more opportunities to absorb Cd metal, than absorbed by plants.
Another benefit is through reducing the level of agricultural land emissions. The
pyrolysis process causes the C-chain to be more stable, converting C to an
aromatic ring (Grutzmacher et al., 2018; Yang et al., 2018), more resistant to
abiotic and biotic decomposition (Grutzmacher et al., 2018). Therefore, it
increases retention of C in the soil. C-residence time in soil was 3 times fold
longer and 7 times lower in terms of emissions, biochar compare to manure
(Grutzmacher et al., 2018). Charcoal amelioration in sandy soils has increased
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cumulative CO2 in the soil, compared to sandy loam soils (El-Naggar et al.,
2018).
Furthermore, biochar increased plant growth, root dry mass and shoot
were 4.6-10.7% higher than without biochar, depending on biochar material
(López-Cano et al., 2018). A higher increase in red chili, a combination of
biochar and manure increases the fruit mass by 19% (W et al., 2018). Biochar
residue reported to provide high growth stimulants, leaves number and mass of
soybeans (Yuriyah et al., 2016). An increasing in sweet corn yield of 24.6%
through biochar treatment 12 t ha-1(Sandiwantoro et al., 2017). Another fact, the
peanut dry weight of increased by more than 84% in biochar treatment 7 t ha -1,
excepted high and the leaves number per plant (Suparta, Kartini, & Situmeang,
2018). Other findings, the addition of biochar increases ginger harvest (Farrar et
al., 2018). Similar to agricultural crops, forest crop responses to biochar show
positive interactions. Sawdust biochar amendment were 5-10%, provides high
growth stimulants 16-33 times fold in Jabon and more than 2-6 times in sengon
tillers (Komarayati & Pari, 2012). Application biochar and compost in
agroforestry system, the yield of agriculture plantation like broccoly and pokcoy
increase 2-4 times under Pinus merkusii plantation
CONCLUSIONS
The implementation of agricultural land intensification and
extensification causes a contradictory impact. Food resources is a population
demand, the other hand, negative impacts on the environment need to be taken
into account. Agricultural practices, with various modifications, are believed to
increase national food security. However, super-strict supervision needs to be
implemented to control its interaction with the environment. Farming Activities:
(1) land management; (2) cultivars; (3) irrigation scheme; (4) fertilization and (5)
pests eradication, in a single process has potential to reduce environmental
quality. Periodic analysis needs to maintain harmonious interaction between
agriculture and the environment. Further more, Government policy is absolute
to support sustainable agricultural practices. Agricultural practices for using
low emission cultivars, intermittent irrigation, agroforestry practices and
biochar applications are recommendedto support sustainable agriculture
management and to minimize environment ipmpacts.Application biochar,
compost and liquid smoke (3 in 1 technology) from agriculture and forest
residue in agroforestrysystem its can be reduce CH4, N2O and CO2 emission gas
and increasing the yield of agriculture.
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Pesticides residues in Indonesian environment: our responsibility
Edhi Martono
Department of Plant Protection, Faculty of Agriculture
University of Gadjah Mada, Yogyakarta, Indonesia
Pesticides were and still are used throughout Indonesian agriculture.
From farmers to agricultural decision makers, all still believe that pesticides can
not be separated from agriculture. With the existence of tropical disease insect
vectors, pesticides are alsovery popular armory in public health. Although the
intensive use of pesticides dated back only in the 1950s, its impact had been
recognized since late 1970s, a more twenty years after. Yet up to today, despite
the implementation of eco-friendly yield increase rice planting movement such
as the National Integrated Pest Management Program on rice, the use of
pesticides among farmers are still high and the number of registered pesticides
are in the level of two – three thousands trade names (Untung 2004; Direktorat
Pupuk & Pestisida 2012).
Quantitatively, the use of pesticides in Indonesia can be anyone’s guess.
The real number is very hard to find, and then if you have any figures, whether
it seem ensuring or threatening will depend on who or which agency give you
the data. Official sources varied on their data presentations, and it is hard for
anyone, including scientists, to decide which data and information really telling
the truth, if not downward confusing. The official data that came from the
Directorate of Fertilizer and Pesticides, under the Directorate of Infrastructure,
Ministry of Agriculture in 2014 show that there were 315 active ingredients
which were registered to the National Pesticides Committee by 394 companies.
In total there were 3005 trade names registered. The most number of trade
names on a single active ingredient registered was found on a herbicide, with no
less than 265 different names (Direktorat Pupuk & Pestisida, 2014).
The massive use of pesticides in this country leave traces of residues
almost in and on any places where they are used. Agricultural fields and
plantation sites will be the ones that we can expect to encounter the existence of
abundant residual pesticides, in many molecular structures, which may or may
not be harmful. But we should also aware of the fact that in residences, in
buildings, houses and homes, the residues are present, as aerosols formulations
are still very popular for most people under the threat of malaria, dengue
hemorrhagic fever, elephantiasis and several other vector-borne diseases. They
are also used to deinsectize places, as all the year round in tropical area like ours
the insects often become nuisances. In lesser degree, pesticides are also used in
other places such as dairies and fisheries enterprises, sporting arenas, parks and
road shadebushes or roadside trees. Dairies and fisheries use pesticides to
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control animal diseases and fish parasites and predators, while sport arenas
mostly use pesticides for aesthetics and pest controls. With parks and roads, the
purposes of using pesticides must be routine maintenance, especially when
there were weeds, pests or diseases which disturb the bushes and the trees.
Regardless of the causes, the use of pesticides need to be arranged
carefully, not only before and during the application, but also after the work had
been done. Here the term residues become key word. Pesticides residues, as
defined by Matsumura (1975) are pesticides which are left after an application
and did not kill or directly react with their targets, but they still retain some of
its toxicity and may be harmful to the environment and everything on and in it.
There is time dimension as one deciding factor in considering the importance of
pesticides residues. Although each and every pesticides will leave residues in
the environment, their quantity and quality over time will vary greatly. Many
earlier pesticides, which were became likable as they were believed to be the
end of many disturbing organisms, were broad spectrum in their target. Also,
some were designed to last as long as possible so that they would kill more
targets. The term “residual spray” was very popular and most pesticides were
applied with the presumption that they would last until the targets were all
decimated.
The persistence of the first commonly used pesticides, i.e.
organochlorine or chlorinated hydrocarbon, are very notorious. They stayed in
the environment, both on non-living and living entities. These organochlorine
pesticides last long, because they are not easily broken down into less poisonous
compounds, and many are lipophilic and hydrophobic. That means they will
stay in the fat tissues of living organisms. With the euphoria of having what was
thought as panacea to pests problems at that time, other aspects such any
adverse effects toward everything surrounding the sites of application were not
considered. Afterward, Carson (1962) popularly showed that pesticides use
became precursor of some living organisms disappearances, as the process of
bioaccumulation and biomagnification of harmful compounds in pesticides
residues resulted in the decline of some important predatory species, even some
resulted in their extinction.
Carson writings had a very prononunced impact on the way people
manage the environment, especially after it was known that we are under the
threats of synthetic chemicals which not only come from pesticides. They also
come from other chemicals used daily as necessities for our more modern and
convenient living as well. USA then established the Environmental Protection
Agency (EPA) to regulate and control any matters dealing with the
environment, pesticides included. US Department of Agriculture (USDA)
although a little bit late, also start to limit pesticides use. Studies about the
negative effects of pesticides increased, and many blame the undiscriminate use
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of these chemicals as the cause of several environmental disasters, such as the
extinction of non-target species, the onset of hard-to-cure or even incurable
diseases, and the heavy damages to non-living environments. In the end of
1960s and early 1970s, several organochlorine pesticides such as DDT, Endrin,
Dieldrin and Aldrin were banned to be used in agriculture in many developed
countries, although as vector control chemicals they still used in some, mostly
underdeveloped, countries. But other non-organochlorine pesticides such as
organophosphorous, carbamates and plant-inspired synthetic pyrethroids
continued to compete, filling the demands as pesticides had became some kinds
of obligatory input in farming and other activities.
Pesticides residue analysis also started to gain its importance, as both
qualitative and quantitative data and information will provide the basis for
pesticides residual knowledge on given temporal and/or spatial dimensions.
This knowledge is used to determine whether any pesticides would be fastly
degraded into their less harmful derivatives, what kind and how much residue
present in any substances (especially food and feed), how long they will stay on
living organisms’ body, what harmful effect they will incur, and many other
information necessary to construct and establish regulations and policies on
pesticides. Other information must also be considered, since ceding these
policies has to be done comprehensively and holistically. Therefore the data on
pesticides residual is not the only one to rely on. It has to be collaborated with
other facts and information on pesticides demand and supply, pests weeds and
diseases as agricultural problem as well as vector related diseases as public
health problems in the community, preference of the community in using
pesticides, synthetic chemical usage habit of the community and so on.
The qualitative and quantitative demand of describing the existence of
pesticides residue gave rise to not only the hardwares and the methods to
handle them, but to the environmental safety concept such as MDL (Maximum
Dosage Limit), MRL (Maximum Residual Limit), ADI (Acceptable Daily Intake),
NOEL (No Observable Effect Limit) and several others terms and definitions
pertaining to environmental toxicology. While experts in this field may continue
to grow each year, many countries still lacking in non-specialists who are able to
evaluate, combine and collate many aspects of pesticides use in the country.
This aside from the fact that pesticide residue analysis is very costly. Pinchus et
al. (1999) showed that out of almost 5.5 million Baht for external costs of
chemical pesticide use in Thailand, 5.1 million Baht or 92% were used for
analyzing residues in food, and that was only in fruits and vegetables. Although
the development of the analysis techniques become more and more
sophisticated, with almost the tiniest amount of trace molecules can be detected,
the budget to perform those analysis is the real constraint for many
underdeveloped countries. While technically and scientifically speaking we are
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capable of doing many methods according to the newest protocol such as
QuEChERS (those which are “Quick, Easy, Cheap, Effective, Rugged and Safe”)
with a lot of practical instrumentations (advertisements of Waters Corp, 2018,
for instance),however, on its financial part it is still unclear about who will be
responsible.
This may be the reason why in Indonesia pesticides residual analysis are
mostly done either as academic research or as clarifications on products that
were suspected of being contaminated with pesticides metabolites and residues.
What were found mostly were organochlorine from a long ago application
when they were still permitted and abundantly used in agricultural and public
health sectors, and as can predicted, these compounds lodged inside animals
but almost could not be found in plant products. Sudaryanto et al. (2007)and
Rahmawati et al. (2013) both analyzed the level of several organochlorine in
fishes, especially on Clarias sp. (catfish) in West Java by the latter, but they
found the levels were still below the MRLs. Organochlorine residue of Alphaendosulfan was also observed on tea (Setyarini et al, 2014) but again the level
was not significant at all. The QuEChERS method of analyzing organochlorine
pesticides (18 kinds) on lettuce was confirmed to be excellent by Boes et al.
(2015), but what they did was justified the methods, not in search of certain
quantity of any organochlorine pesticides. It should be realized the the common
use of organochlorine mostly had happened more than forty years ago. But to be
on fair side, it also means that technical-wise, no problem and difficulty
wasencountered in applying the newest methods for these compounds.
On the other hand, although their use until presently are still on high
levels, researchers on the residuesorganophospates,carbamates, synthetics
pyrethroids, glyphosates up to the more recent such as neonicotinoids found
them in low concentration (Alen et al., 2016; Hasibuan, 2016). However,
complaints from receiving countries of several fruits, vegetables and estates’
products (palm-oil, tobacco, tea)often happen on ourexport commodities
(Harmoko et al., 2015; Hasibuan, 2016). The seriousness of this accusation was
enhanced by the fact that many of Indonesian export commodities do not
undergo quality control particularly on their pesticides residues content before
they were sent to the buyers.
From the government side, people often confuse the Pesticide
Committee task—a multi-departmental agency issuing permits to distribute and
trade pesticides in this country—with inspecting and safeguarding the use,
application and management of pesticides. These tasks is actually the realm of
other different committee, i.e. the Fertilizer and Pesticides Inspection Committee
(KP3, Komisi Pengawasan Pupuk dan Pestisida). The Pesticides Committee works
on the registration of pesticides which will be traded, distributed and used in
Indonesia. Although one of its technical job description is to ensure that
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pesticides must have short persistence and should not be harmful to the
community and the environment, when the pesticides had already been in use,
what happen to them must adhere to the policies, rules and regulations of the
FPIC. One of the task of the FPIC is to promote safe and responsible use of
pesticides, including monitoring residual levels of any pesticides used in
Indonesia.
From the short writing above, we can see these facts about the state of
pesticides residues in Indonesia:The pesticides residues can be found in many
parts of ecosystem in Indonesia, living and non-living, as pesticides use are still
high and happen in many sectors, not only in agriculture and public health. The
presence of residues mostly known after there were complaints or rejection of
Indonesia products by exporting countries based on the pesticides residues
analysis that those countries performed.Indonesia is capable of doing the
pesticides residues analysis, but most of the analysis done were for academic
purposes, or clarifications of any lodged complaints.There is no clear rule and
regulation on who will be responsible for any financial budget that should be
incurred while the costs for pesticides residues analysis is high.
The tasks of monitoring, inspecting and safeguarding pesticides use in
this country must be more descriptive, informative and clearly defined by the
agency which was established for this purpose. The awareness on the adverse
effects of pesticides should be more intensively and continously promoted so
that problem of pesticides residues can be minimized.
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INTRODUCTION
Brebes Regency located in the North Coast of Java Island (Pantai Utara
Jawa, Pantura) is the highest shallots production region in Indonesia. Shallots
are susceptible to pests like insects and fungi. Therefore, nearly all of the
farmers in this area mix various types of pesticides and exceed the
recommended dose as shown in a pesticide label. Data obtained from the Brebes
Agriculture Office demonstrated that the level of pesticide use in Brebes
Regency was the largest both in Indonesia and in Southeast Asia. There are
approximately 3,200 pesticide brands registered by the Ministry of Agriculture
of the Republic of Indonesia in whichabout 1,300 of these brands are distributed
in Brebes Regency (Agriculture Office of Brebes Regency, 2017). Our
studiesconducted in several villages in Brebes Regency showed that farmers in
these area mixed 2-3 types of pesticides before sprayingshallots with a
frequency of spraying about 2-4 times a week in dry season and every day in
rainy season (Suhartono et al, 2012). Amount of pesticide use by shallot farmers
in Brebes Regency was 330,000 liters per planting season in which they had four
planting seasonsa year (Agriculture Office of Brebes Regency, 2017).
Some health problems, specifically related to Maternal and Child Health
(MCH), were widely found in Brebes Regency. Data from the Central Java
Province Health Office in 2016 showed that maternal mortality cases in Brebes
Regency were the highest in Central Java Province, reaching 54 cases.
Meanwhile, infant mortality rates (13.42 per 1000 live births) placed the seventh
of 37 regencies/cities in Central Java (WHO, 2017). The incidence of stunting in
children in Brebes Regency was also relatively high, reaching 40.7%
(Kementerian Kesehatan Republik Indonesia, 2013). Stunting (height for age < –2
SD of the WHO Child Growth Standards median), referred to as failure of linear
growthis a strong marker of unhealthy growth given its association with
morbidity and mortality risk, non-communicable diseases in later life, and
learning capacity and productivity. It is also closely linked with child
development in several domains including cognitive, language and sensorymotor capacities (WHO, 2014).
The maternal mortality, infant mortality and stunting, are health
problems that often occur in the first 1000 days of life (from the beginning of the
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fetus to two years old children). Health problems in the first 1000 days of life
really need our attention together, because this phase is a golden period of
human life that will determine the quality of the nation in the future. So far,
efforts to overcome this problems have focused in the aspect of nutrition 5,
because of the very strong relationship between nutrition and health and
growth6. The possible role of exposure to toxic substances in the environment
like pesticide as one of the main 'causes' of maternal and child health problems
also needs our attention. It is very potential as a risk factor for maternal and
child health problemsin agricultural areas. Even though it is not easy to ensure
that the high level of pesticide use is a main cause of various maternal and child
health problems in Brebes Regency, some findings from previous studies
supported by related theories demonstrated the harmful effects of pesticides on
maternal and childhealth.
Research Results and Theories on the Impact of Pesticides on Maternal and
Child Health
Theories and many previous studies on the effects of pesticides on
human health have been widely published but efforts to overcome this problem
have not been carried out optimally. The results of our studies regarding the
adverse effects of pesticides specifically on maternal and child health that had
been conducted in Brebes Regency and supported by theories and the results of
research abroad are presented in this paper.
Impact of Pesticides on the Thyroid Functions
Some types of pesticides that are often used in the shallot farming area
of Brebes include Mancozeb, Dithane, and Chlorpyrifos (Budiono, 2018). These
pesticides are classified as endocrine disrupting chemicals (EDCs), chemical
compounds in the environment that can interfere with the biosynthesis,
metabolism, and hormone function in the body and can affect hormone balance
function (homeostasis) and reproduction (Diamanti-Kandarakis et al, 2009; Mnif
et al, 2011). A thyroid hormone is one of the hormone types that can be
disrupted by exposureto EDCs (Calsolaro et al, 2017; Miller et al 2009). The
hormone is indispensable in the process of metabolism and human growth
(Mullur et al, 2013; Brent, 2000). A previous study conducted in an agricultural
area in a sub district of Brebes Regency in 2010 demonstrated that the
prevalence of hypothyroidism among women of childbearing age reached 22.2%
(Suhartono, 2010),higher than other cities in Indonesia like Jakarta, Bandung,
Semarang, Surabaya and Malang that was only 0.5% (Abbot Laboratories
Diagnostic Division, 2008). Some studies conducted internationally showed that

94

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3344656

the prevalence of hypothyroidism in women group ranging from 0.3% to 2.9%
(Vanderpump, 2011).
Our study also proves, that pesticide exposure is a risk factor for the
incidence of hypothyroidism in women of childbearing age (Suhartono, 2012)
and in children (Budiyono, 2018). Women with a history of exposure to
pesticides are at risk three times to suffer from hypothyroidism (Suhartono,
2012). Hypothyroidism is a condition in which the body lacks thyroid hormone
which is characterized by increased levels of thyroid stimulating hormone
(TSH) and a decrease in T4 (ATA, 2013). A study in Brazil showed a link
between pesticide exposure in the workplace and the incidence of thyroid
dysfunction (hypothyroid-like effects), especially in men (Piccoli et al, 2016).
Research in Iowa and North Carolina (United States) demonstrated that
exposure to chlordane insecticides, benomyl and mancozeb fungicides, and
paraquat herbicides were risk factors for the incidence of hypothyroidism in
women in agricultural areas (Goldner, 2010). Benomyl and mancozeb, which are
also widely used in the agricultural area of Brebes district, are both fungicides
with
carbamate
groups.The
dithiocarbamate
pesticides
ethylenebisdithiocarbamate and ethylenethiourea have been associated with
thyroid dysfunction. Maneb/mancozeb has been shown to cause
hypothyroidism in rabbits (Mallem et al, 2006), and human workers exposed to
ethylenethiourea showed signiﬁcantly lower levels of total T4 compared with
unexposed controls (Smith, 1984). In another study of unprotected workers
heavily exposed to ethylenebisdithiocarbamate, TSH levels were elevated, but
T4 levels were no different from those of controls (Steeland et al, 1997).
Normal thyroid function in pregnant women is very important because
it will determine the quality of the child it contains (Lazarus, 2011). Women with
hypothyroidism have decreased fertility; even if they conceive, risk of abortion
is increased, and risk of gestational hypertension, anemia, placentaabruption
and postpartum hemorrhage are increased (Abalovich et al, 2002). Severe
hypothyroidism has been associated with pre-eclampsia, placental
abnormalities, low birth weight infants, and postpartum hemorrhage
(bleeding)(ATA, 2014). A cohort study in the Netherlands provedthat maternal
hypothyroxinaemia during early gestation was an independent determinant of a
delay in infant neurodevelopment. However, when the thyroxin (fT4)
concentrations increase during pregnancy in women who are
hypothyroxinaemic during early gestation, infant development appears not to
be adversely affected (Pop et al, 2003).
In Brebes Regency, women and children living in agricultural areas are
generally involved in various agricultural activities, such as finding pests and
removing shallots from their stalks ('mrotoli') after harvesting. These activities
are very risky to expose to pesticides because few days prior harvesting, shallot
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farmers spray their shallot plants. Application of pesticides to crops may leave
residue on plants. Exposure to pesticides in humans can occur through several
routes, namely the respiratory tract (inhalation), direct contact with the skin or
through the gastrointestinal tract (by oral) (Kalayanova &El Bataw, 1991). The
involvement of women and children in agricultural activities increases the risk
of exposure to pesticides, especially exposure through direct contact with the
skin. The 'mrotoli' activity is usually carried out by them without using personal
protective equipment like masks or gloves to prevent pesticide residues in
shallot plants entering their bodies through respiratory air or skin pores.
Pesticide contamination in the environment (water, soil and food) also increases
the risk of indirect exposure. A study conducted by the Health Ministry's Health
Research and Development Agency of the Republic of Indonesia in several
agricultural areas in Brebes Regency demonstrated that five of 12 rivers or 42%
were positively contaminated with organophosphate pesticides residue (Badan
Litbang Kemenkes RI, 2014). In addition, the Indonesian Agricultural
Environment Research Institute reported that chlorpyrifos pesticide residues
were found in four of the five shallot samples examined (Balai penelitian
lingkungan pertanian, 2018).
Our study in Brebes showed that pesticide exposure is a risk factor for
sub-clinical hypothyroidism (SCH) in school children living in an agricultural
areas (Suhartono et al, 2018). SCH or mild hypothyroidism is characterized by
mildly elevated serum TSH concentrations, with normal concentrations of
serum free and total tri iodothyronine (T3)andthyroxine (T4),without the typical
symptoms of thyroid disease (Biondi & Cooper, 2008). The abnormalities most
frequently associated in the pediatric population are goiter, poor school
performance, weight gain, increased cholesterol levels, impaired growth
velocity, anemia, excessive sleepiness, weakness, and impaired psychomotor
andcognitive development (Wu et al, 2006; Aijaz et al, 2006). Another study in
Brebes Regency concluded that the proportion of goiter in the children whose
fathers were farmer (80.8%) were higher than those whose fathers non-farmers
(43.2%) (Kartini et al, 2018).
The impact of pesticides on maternal health (pregnancy)
The high maternal mortality rate in Brebes Regency might be related to
the high use of pesticides in the area. Data from the Brebes Regency Health
Office showed that the main cause of maternal mortality in Brebes was preeclampsia (PE), which was 32% (Brebes District Health Office 2016). PE is an
increase in blood pressure (gestational hypertension) and proteinuria at over 20
weeks of pregnancy (The American College of Obstetricians and Gynecologists,
2013). Hypertensive disorders of pregnancy are an important cause of severe
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morbidity, long-term disability and death among both mothers and their babies.
In Africa and Asia, nearly one tenth of all maternal deaths are associated with
hypertensive disorders of pregnancy, whereas one quarter of maternal deaths in
Latin America have been associated with those complications (WHO, 2011).
Several studies have shown that pesticide exposure increases the risk of
hypertension in pregnant women (Saldana et al, 2009; Ledda et al, 2015).These
studies suggest that the risk of both Pregnancy Induced Hypertension (PIH) and
PE was elevated among women who performed activities likely to have exposed
them to pesticides during their first trimester of pregnancy (Saldana et al, 2009).
A previous study reported of an association between pesticide exposure and
gestational diabetes (Saldana et al, 2007). Diabetes caused endothelial
dysfunction (Dandona et al, 2006), which may contribute to the pathophysiology
of PE (Lyell et al, 2003), as supported by studies showing that tight glycemic
control reduces the risk of PE in women who had diabetes before becoming
pregnant (Crowther et al, 2005; Fan et al, 2006). Pesticide exposure in pregnant
women is also suspected of causing fetal growth disorder and increase the risk
of low birth weight. A studyin Brazilian rural areas demonstrated that the per
capita pesticide sales were directly associated with higher prevalence of children
born with low birth weight (r = 0.403), with birth weights between 1500 and
2500 grams (r = 0.366), and very low birth weight birth (r = 0.476). All
correlations were statistically significant (p < 0.001) (Boccolini et al, 2013).
In addition to pesticides, other toxic substances that could increase the
risk of PE was lead(plumbum, Pb) (Bayat et al, 2016; Jameil, 2016; Poropat et al,
2018). Ikechukwu et al. (2012) stated that lead increases the circulating levels of
endothelin. Endothelin is a vasoactive that constricts the diameter of blood
vessels thereby aﬀecting blood pressure. Lead also reduces serum levels of
vasodilator substances such as nitric oxide (NO) and endothelial-derived
relaxation factor (EDRF) due to a lead-mediated increase in reactive oxygen
species (Carmignani et al, 2000; Gonick & Behari, 2002). Lead inhibits membrane
adenosine triphosphatases (ATPases), which increases intracellular calcium ions
and vasoconstriction (Moreau et al, 1988). Mechanisms cause preeclampsia
either by inducing vasoconstriction and placental ischemia or direct toxicity on
the endothelial cell and the renal function and thus causing proteinuria, which
is a common feature of preeclampsia (Ikechukwu et al, 2012).
The results of our study in six Puskesmas areas on the northern coast of
Brebes Regency showed that almost all pregnant women (98%) had blood Pb
levels above 10 µ / dL (Suhartono et al, 2017), while the CDC threshold value
was 5µg / dL (Ettinger & Wengrovitz, 2010). This study also proved pregnant
women with high blood Pb levels were two times more likely to develop
hypertension (gestational hypertension) than those with low blood Pb levels
(Suhartono et al, 2017).Some types of pesticides used in Brebes Regency that
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contain lead were Antracol 70 WP, Buldok 25 EC dan Dithane M-45, Mancozeb
and Profenofos (Hartini, 2010).
The impact of pesticides on children's growth and development
Young children are particularly vulnerable to toxicants in the
environment, including pesticides (Liu & Schelar, 2012).Children’s organs are
not fully developed until later in life. They continually experience critical
periods in development; adverse exposures can cause permanent damage,
particularly in utero (Chalupka & Chalupka, 2010). Children’s behaviors and
ability to interact with their physical environment change during different
stages of growth and development and can place them at greater risk of
exposure: children may crawl on the floor, explore objects orally, and play with
items they find in the environment (Landrigan, 2004). For their weight, children
consume more food and drink than adults, increasing their possible dietary
exposure; dietary exposure is compounded by children’s immature livers and
excretory systems, which may be unable to effectively remove pesticide
metabolites (Landrigan, 2004). These metabolites may block the absorption of
critical nutrients in children’s diets, which further affects health outcomes.
Potential routes of exposure to pesticides include in utero or through breast
milk, via ingestion of food contaminated with pesticides, and household
exposures via dermal contact (Chalupka & Chalupka, 2010). Children live closer
to the ground than adults, which may increase their exposure to pesticides
sprayed or precipitated there (Paulson & Barnett, 2010).
Research in 2014 in the Brebes agricultural area showed more than 30%
of primary school-aged children were detected dialkyl phosphates (DAPs),
metabolites of multiple organophosphorus pesticides, in their urine. Meanwhile,
the results of X-ray examination proved that 27 of the 50 children (54.0%) were
delay in skeletal maturation (bone-age delay) (Kartini et al, 2016). Another study
by Kartini et alin 2017 proved that pesticide exposure was a risk factor for
stuntingamong primary school-aged children in Brebes agricultural areas,
children with a history of exposure to pesticides were 4.5 times risk of suffering
from stunting than those without exposure (Kartini, 2017).
Exposure to toxic substances in the environment, including pesticides,
leads to oxidative stress (Lukaszewicz-hussain, 2010) which led to an increase in
the use of energy for the activation of the immune system, thereby reducing the
use of energy for the maintenance, reproduction, growth and thermoregulation
(Degen, 2006). Exposure to pesticides can also interfere with the function of
several growth hormones, such as IGF-1 hormone which is very necessary in the
process of child growth (Boada et al, 2007). Recent research suggests that even
low levels of pesticide exposure can affect young children’s neurological and
behavioral development. Evidence shows a link between pesticides and
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neonatal reflexes, psychomotor and mental development, and attention-deficit
hyperactivity disorder (ADHD). In utero dialkyl phosphate (DAPs), the
organophosphate metabolites, and, to a lesser extent, postnatal DAPs were
associated adversely with attention as assessed by maternal report,
psychometrician observation, and direct assessment. These associations were
stronger at 5 years than at 3.5 years and were stronger in boys (Marks et al,
2010). A study in USA showed an adverse associations of prenatal DAPs with
mental development and pervasive developmental problems at 24 months of
age (Eskenazi et al, 2007). Another research concluded that organophosphate
exposure might be associated with deficits in learning on neurobehavioral
performance, particularly in tests of with motor function (Butler-Dawson et al,
2016). A study in the USA showed that children who were detected
organophosphate pesticide metabolites in their urine were at risk of attention
deficit hyperactivity disorder (ADHD), a developmental disorder characterized
by concentration difficulties and hyperactive behavior (Marks et al, 2010; Yu et
al, 2016). Children with levels higher than the median of detectable
concentrations had double the odds of ADHD (adjusted OR, 1.93 [95% CI, 1.23–
3.02]) compared with those with non-detectable levels (Bouchard et al, 2010).
Leadcommonly contained in pesticides has been primarily classified as a
neurotoxin (Lanphear et al, 2005; Lidsky & Schneider, 2003) and is associated
with developmental and behavioral problems in children (WHO, 2010;
Lewendon et al, 2001; Gould, 2009). Preventing lead exposure in infants and
young children is important because lead can affect their developing brain and
nervous system. High levels of lead can adversely affect the nervous system and
kidneys of adults and children Wisconsin Department of Health Services, 2010).
A study in Bangladesh concluded that chronic lead poisoning is significantly
associated with high level of stunting among child slum dwellers (Raihan et al,
2018).
CONCLUSIONS
People living in agricultural areas are at risk of being exposed to various
toxic substances, such as pesticides and heavy metals like lead (Pb) which are
contained in many pesticides. Exposure can occur directly, through their
involvement in agricultural activities, or indirectly through contact with the
environment contaminated by pesticide residues in water, air, soil, agricultural
or food products. Exposure to pesticides and leadwas a risk factor for various
types of health problems specifically related to hormonal dysfunction and the
quality of fetal or child growth and development. In Indonesia, distribution and
the use of pesticide needs to be well regulated in order to prevent adverse
health effects due to pesticide exposure in the future.
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ABSTRACT
Biochar is the carbon rich co-product of pyrolysis or gasification of biomass. In
order to remediate contaminated sites, bioremediation has often been employed
successfully. The utilisation of biochar in such contaminated sites is suggested to be an
important tool to enhance remediation by governing the mobility and fate of the
pollutants as a soil amendment.When biochar is incorporated into soil can retain
nutrients and other organic compounds. Positive impacts of biochar amendment on soils
include: increasing soil capacity to sorb plant nutrients, consequently reducing leaching
losses of nutrients; decreasing soil bulk density, leading to less-compacted soil conditions
favorable for root growth and water permeability; increasing the soil cation exchange
capacity; increasing soil microbial activity and diversity; increasing plant available
water retention; and increasing crop yields.
Keywords : biochar application, organic materials, remediation soil, soil productivity
INTRODUCTION
Soil quality is “the capacity of a specific kind of soil to function, within
natural or managed ecosystem boundaries, to sustain plant and animal
productivity, maintain or enhance water and air quality, and support human
health and habitation” (Karlen et al., 1997). Organic matter is very central to the
quality of any soil (Reeves, 1997). To improve the soil organic matter,
considerable efforts are needed to add organic materials to the soil. One such
innovative method is to convert locally available waste biomass materials into
biochar for soil application (Zhanget al., 2016). Biochar is defined as the
carbonaceous product obtained when plant or animal biomass is subjected to
heat treatment in an oxygen-limited environment and when applied to soil as an
amendment (Lehmann and Joseph, 2009).
The public interest in biochar application to soil is focused on the
potential to decrease global net carbon dioxide emission by an increased soil
storage of carbon (Laird, 2008). The agricultural interest is focused on a number
of positive properties (Atkinson et al., 2010), the most striking being plant
growth stimulation by increased water storage (Singh et al., 2010), increased
nutrient supply (Glaser et al.,2014; Olmo et al., 2016), increased beneficial
microbial life (Akhter et al., 2015; Nielsen et al.,2014) and disease suppression
(Akhter et al., 2015; Elad et al., 2010). Just as for agriculture, biochar application
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to horticultural rooting media (soilless substrates) is of public and agricultural
interest. (1) The public interest is to use biochars from renewable organic
residual streams to substitute part of the peat used in rooting media in
greenhouse horticulture (Nemati et al., 2015; Nieto et al., 2016). Peat bogs are
important carbon (C) stocks and regulate the local water quality and water
regime (Steiner, 2014). In the light of environmental concerns, peat substitution
by biochar will preserve peat bogs and lower global carbon dioxide emissions
linked with the use of peat extraction and use (Verhagen et al., 2009); (2) The
horticultural interest in biochar apart from peat substitution is the use and
manipulation of bacterial communities for the protection of plants against
diseases, either by direct protection or by induced plant resilience (Graber et al.,
2010; Jaiswal et al., 2015; Elad et al., 2012). In certain plant growth media,
biochar amendment results in chemical responses in the plant as well as shifts in
the rhizosphere microbiome (De Tender et al., 2016). In greenhouse horticulture,
the use of high input fertigation systems makes biochar related increases in
water storage and nutrient supply of less economic consequence than for
agricultural applications. An advantage of greenhouse testing is the improved
control over climate effects including rain related water content and nutrient
concentration fluctuations.
CURRENT USES OF BIOCHAR
During exploration in the Amazonia, European explorers in the 19th
Century discovered dark soils that have been referred to as the “Terra Preta”
soils, which are known to contain large amounts of char-derived carbon and
exhibit higher levels of microbial activity and improved nutrient availability and
crop yield compared to soils with little or no biochar addition (Lehmann and
Joseph, 2009; Winsley, 2007; Steinbeiss et al., 2009). It has been suggested that
the indigenous population in the Amazon adopted the process of mulching,
burning, charring and application of charcoal and ash to increase soil quality
(Steiner et al., 2009). Biochar has often been produced under controlled
temperatures in the absence of oxygen and applied to soils and, in recent times,
it has been favoured as a soil management tool due to its long-term stability and
recalcitrant nature with soil sequestration capabilities for economic and
environmental benefits (Lehman and Joseph, 2009; Winsley, 2007; Ippolito et al.,
2012).
The increased research and development on strategies to improve and
produce bioenergy from renewable energy sources to contribute to the energy
needs of developing and developed societies will contribute to the deposition of
biochar-like products into the environment (Winsley, 2007). Additionally, it may
be produced as a result of uncontrolled bush burning or wild fires and then
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deposited onto soil (Ishii et al., 1994), and it has been reported that biocharamended soils have the ability to retain moisture, increase cation exchange
capacity (CEC), increase adsorptive capacity and increase pH (Lehmann et al.,
2006). The biochar within such soils is thought to be highly stable for thousands
of years, being resistant to biochemical decomposition, but the extent of this
recalcitrance may well be dependent on the production process (Jones et al.,
2012). Therefore, there could be growing applications of biochar to soils for
agriculture, waste management, carbon capture and contaminated land
remediation.
BIOCHAR AND SOIL BIOTA
The known effects of biochar addition to soils on soil biota were
extensively covered by Lehmann et al., 2011 who concluded that there was
limited knowledge on the shifts in microbial consortia and that our knowledge
of biochar effects in soil on soil biota is limited. This is even more so when
confining the discussion to Nitrogen. Since the review by Lehmann et al., 2011
the study of Jones et al., 2012 has measured higher growth rates of bacteria and
fungi after incorporating biochar but this effect was not observed after storage
of soil in the laboratory leading the authors to speculate that the effect was the
result of an indirect rhizosphere effect. While Dempster et al., 2012 found that
the addition of a Eucalypt biochar at 25 t/ha altered the ammonia oxidiser
community structure when it was present with inorganic Nitrogen, with lower
nitrification rates ensuing. The latter was thought to be due to a negative
priming effect on the soil organic matter resulting in lower NH4+ concentrations,
since the potential for NO3− adsorption to remove NO3− was minimal when
biochar was mixed with soil. Anderson et al., 2011 examined biochar induced
soil microbial community changes from soil where biochar had been
incorporated during pasture renewal, and found that compared to control soils
the abundance of the bacterial families Bradyrhizobiaceae and Hyphomicrobiaceae
increased. During anaerobic phases members of these families can utilise NO3−,
N2 and NH3 and they are capable of N2 fixation and denitrification. This result
may explain the enhanced N2 fixation previously observed in bean crops with
biochar present (Biedermann and Harpole, 2013). Despite a meta-analysis
showing root nodulation increases with biochar addition (Yo et al., 2012),
assumed to be due to soil pH and P availability became more suitable for
efficient N fixation, there remains a dearth of information on both the long- and
short- term effects of biochar on N2 fixation. Anderson et al., 2011 concluded
that adding biochar to the soil potentially increased microbial N cycling,
especially the abundance of those organisms that may decrease N2O fluxes and
NH4+ concentrations. Conversely, Yoo and Kang (2012) suggested the higher
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N2O fluxes observed in the presence of swine manure-derived biochar in paddy
soils was partially a consequence of higher denitrifier abundance. Noguera et
al., 2010 hypothesised that earthworms and biochar would have a synergistic
effect on nutrient availability and plant growth. However, while differences in
mineral Nitrogen (N) were observed with treatments these were soil type
dependant and they found few interactions between earthworms and biochar,
and no interaction with respect to mineral N, possibly as a result of the short
term nature of the mesocosm study. The study by Augustenborg et al., 2012
found biochar reduced earthworm-induced N2O fluxes although the
mechanisms for this were not clear. Thus, the systematic and rigorous
experimentation, called for by Lehmann et al., 2011 to assess biochar-induced
effects on soil biota with regard to soil N cycling is still needed.
BIOCHAR PRODUCTION
Wood is primarily composed of lignin, cellulose, hemicelluloses.
However, all wood species vary in chemical compositions, thus the structure of
lignin in softwood differs from that of hardwood (Windeisen et al., 2008). The
pyrolysis of biomass can be carried out in a reactor via gasification or
carbonisation at varying temperatures and times depending on the intended use
of the end product. A wide variety of waste biomass materials (wood, manure,
rice husk, sewage sludge, municipal waste) can be used to produce biochar
(Maiti et al., 2006; Sohi et al., 2009; Verheijen et al., 2009), but this study cannot
touch on all of them; however, Verheijen et al., 2009 critically discussed the
potential types of feedstock and the production procedures (pyrolysis).
During heating, there are mass losses, chemical transformations and
structural changes, which largely depend on the duration of heating, initial
moisture, wood species and temperature of treatment (Sohi et al., 2009; Esteves,
et al., 2009). The final thermal conversion of wood yields three basic products;
liquid (liquid hydrocarbon and water), solid (biochar) and gas (Karagos et al.,
2006). Wood feedstock, containing higher lignin content, produce the highest
biochar yields at 500°C compared to lower and higher temperatures of pyrolysis
(Fushimi et al., 2003); Table 1 highlights the fate of feedstock in a thermal
treatment reactor. The physicochemical properties of the biochar largely depend
on the heating temperature. For example, biochar generated at a lower
temperature of 350°C may contain large amounts of favourable nutrients, whilst
having lower sorptive capacities than those generated at a higher temperature of
800°C (Gundale et al., 2006). This is because the carbon content and aromacity
increase with temperature, while oxygen, hydrogen, and polarity decrease with
an eventual increase in the volume of micropores (Chen, et al., 2008).

110

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3270850

Table 1. Fate of initial feedstock mass in percentage (%) between products of
pyrolysis
Process

Liquid (bio-oil)

Fast pyrolysis
75
Temperature at 500oC
Short vapour residence time
(seconds)
Intermediate pyrolysis
50
Low moderate temperature
Short vapour residence time
(hours)
Slow pyrolysis
30
Low moderate temperature
(400-600oC)
Long vapour residence time
(days)
Gasification
5
High temperature at > 800oC
Long vapour residence time
Source : International Energy Agency (2007)

Solid (biochar)

Gas (syngas)

12

13

25

25

35

35

10

85

At low temperatures, between 20°C and 150°C, wood dries, resulting in
a loss of mass, after which hemicelluloses become modified (Esteves et al., 2009)
by deacetylation and depolymerisation, whereby released acetic acid acts as a
catalyst in the depolymerisation of the polysaccharides (Tjeerdsma et al., 1998;
Sivonen et al., 2002; Nuopponen et al., 2004). There is further dehydration of
hemicelluloses resulting in a decrease in the number of hydroxyl groups
(Weiland et al., 2003). At temperatures above 250°C, lignin carbonisation occurs,
thereby resulting in increases in the carbon content forming char, while the
concentrations of oxygen and hydrogen decrease (Bourgois and Guyonnet,
1988). This is accompanied by structural changes and condensation reactions to
form lignan (Windeisen et al., 2008), with the emission of CO2 and VOCs
(Esteves et al., 2009). High temperatures can induce the polymerisation of the
modified chemical products to form larger molecules that are aromatic and
aliphatic in nature (Verheijen et al., 2009); furthermore, there are increases in
pore volume and surface area at higher temperatures (James et al., 2005;
Bornemann et al., 2007; Zhang et al., 2010). However, the feedstock material
determines the peak temperatures at which the micropores are opened up
within the biochar. This was reported by James et al., 2005), where heating at
820°C resulted in reduction of micropores and surface area of wood when
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compared to that at 700°C. This indicates that there may be a peak temperature
to open all pores (micro-, meso-, macro-) for each feedstock material; exceeding
such temperatures may further encourage reduction in distribution of
micropores. To describe this phenomenon, Table 2 elucidates the impact of
heating temperature and residence time on specific surface area and total pore
volume of different biochar feedstock materials.
Table 2. Characteristics of biochar from different production processes
Feedstock
Orange
peel
Switch
grass
Corn
Stover
Switch
grass
Corn
Stover
P. sylvestris

6.0 h
6.0 h
6.0 h
1.5 s

BET N2
Surface area
(m2/g)
33.3
42.4
201.0
21.6

Total pore
volume
(cm3/g)
0.0202
0.0191
0.0350
n/a

Ash
content
(%)
1.05
4.27
2.79
54.60

500

1.5 s

7.0

n/a

49.70

500

2.0 h

50.2

n/a

53.50

500

2.0 h

20.9

n/a

32.40

Temperature
(oC)

Residence
time

250
500
700
500

300
1.0 h
1.0
0.0017
n/a
500
1.0 h
320.0
0.1860
n/a
B.pendula
300
1.0 h
2.3
0.0035
n/a
500
1.0 h
6.5
0.0068
n/a
700
1.0 h
430.0
0.2530
n/a
820
1.0 h
66.0
0.0600
n/a
Source : James, et al (2005), Fan, et al (2004), Brewer, et al (2009), Chen, et al (2009)

INTERACTION BETWEEN BIOCHAR AND SOIL
When biochar is incorporated into soil, it exhibits natural oxidation
through the formation of functional groups, thereby providing sites that can
retain nutrients and other organic compounds (Cheng et al., 2008; Allardice,
1995). The oxidation processes include; (1) increases in O and H and decrease in
contents; (2) the formation of O-containing functional groups, and (3) a decrease
of surface negative charges (Cheng et al., 2008; Allardice, 1995; Baldock et al.,
2002). This potential can be enhanced by the biochar production temperature
(Nuopponen et al., 2004; Cheng et al., 2008) and the use of chemical oxidants
(Weiland et al., 2013; Kawamoto et al., 2005). However, when biochar particles
112

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3270850

are aged in soil, further oxidation leads to the evolution of negative charges
there by increasing the CEC (Hames et al., 2009). Browdowski et al., 2005
showed that oxidised biochar particles may be bound to soil minerals through
association with clay and silt-sized minerals, small biochar particles bound to
minerals and small minerals bound to large biochar particles, thus decreasing
the potential of its decomposition. When bound to soil minerals, which often
happens rapidly, it can enhance the ability of the soil-biochar complex to sorb
organic compounds present in soil. Biochar also interacts directly with organic
matter of soil by sorption (Hammes, 2009).
APPLICATION OF BIOCHAR IN REMEDIATION OF CONTAMINATED
SOIL
In order to remediate contaminated sites, bioremediation has often been
employed successfully but, to a large extent, it has been assumed to be time
consuming and costly. The utilisation of biochar in such contaminated sites is
suggested to be an important tool to enhance remediation by governing the
mobility and fate of the pollutants as a soil amendment. It is already known that
biochar reduces bioaccessibility, chemical activity and ecotoxicity of organic
compounds to receptors (Sundelin et al., 2004; Reichenberg et al., 2010; Beesley
et al., 2010; Spokas et al., ,2009) and reduce risk of exposure to biota. When
physical entrapment occurs, the parent molecule or its metabolite becomes less
bioavailable upon aging, chemical bonding (covalent) may result in
indistinguishable bound residues (Semple et al., 2007; Barraclough et al., 2005).
This paper suggests that with appropriate investigation and application, biochar
will evidently be useful in sequestering and reducing associated risk of
hydrophobic organic contaminants (HOCs), and other inorganics in soils. Thus,
it will reduce and disrupt pollutant linkages, the mobility or run-off of such
substances that may cause harm or pollution to controlled waters and biological
systems. Knowing that no two biochars are same, a major question is what type
of biochar will be preferred for a certain contaminant and how long will it retain
the contaminant in question when practically applied in the soil environment. In
respect to contaminant concentrations and types, there exists a maximum solidphase irreversible capacity that should be predicted based on biochar micropore
distribution and it should be investigated to elucidate whether biochar can
introduce more contaminants into soil (Kan et al., 1998). Indeed, during the
pyrolysis process, volatile organic compounds (VOCs), furans and polycyclic
aromatic hydrocarbons (PAHs) can be found within biochar matrix in varying
mixtures and concentrations (Spokas et al., 2011; Hale et al., 2012; Fernandes et
al., 2003; Fabbri et al., 2012). Thus the presence of these compounds can pose
concerns, having potentially deleterious impacts on biota and potentially
increasing the concentration of HOCs in biochar-amended soils. However, the
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total quantities of these compounds can be controlled by selection of feedstock,
oxygen availability, production temperature, combustion efficiency, postproduction handling and storage under controlled conditions (Spokas et al.,
2011; Hale et al., 2012; Freddo et al., 2012; Hilber et al., 2012). For instance,
Spokas et al., 2011 and Freddo et al., 2012 showed that at higher temperature of
pyrolysis, the total PAHs and VOCs reduced markedly, whilst shorter residence
times produced higher PAH concentrations (Hale et al., 2012). Although some
wood derived biochars show reduced PAH concentrations, during slow
pyrolysis, the PAHs generated escape to gaseous phase, whilst short residence
time allows the condensation of PAHs on biochar surfaces (Hale et al., 2012).
Despite the presence of PAHs on biochar surfaces, the total concentrations of
PAHs in a wide range of biochars were comparable to background soil levels
and well below concentrations found in coal, soot, urban dust and sewage
sludge (Hale et al., 2012; Fernandes et al., 2003; Freddo et al., 2012). However,
Hilber et al., 2012 found extremely high concentrations of PAHs in elephant
grass and coniferous wood derived biochars. The majority of studies on
quantitative analysis of PAHs on biochar have been based on total
concentrations; for example, Freddo et al., 2012 and Hale et al., 2012 showed that
water-based extractions and bioavailable fractions (POM sampling) of PAHs on
biochar were often below the limits of detection or much lower than the total
concentrations because PAH fractions could become occluded within the
biochar structure. When biochar is applied to agricultural soil, the eventual
PAH concentrations will depend on background PAHs in the soil, sorbed PAHs
on biochar, and concentration of biochar applied (Fabbri et al., 2012). This
explains why application of biochar into some soils has not resulted in the
introduction of PAH contamination (Marchal et al., 2013). Thus, the feedstock,
application rate, and production process, as well as post-handling of biochar
still need to be investigated in order to know if and how biochar application will
introduce contamination when applied to soil. Preferably, wood-derived
biochar produced at high temperatures under slow pyrolysis will contain lower
concentrations of PAHs (Hale et al., 2012; Fabbri et al., 2012; Freddo et al., 2012).
It is, however, worthy of note that the quality (nanopore distribution and
chemical properties) of biochar is of greater importance than the quantity, as it is
suggested that the higher quantity can be more expensive and may have
deleterious effects on the receiving soil due to the presence of intrinsic
hydrocarbons (Yu et al., 2010; Yang et al., 2010; Keiluweit et al., 2012).
Based on the fact that biochar nutrient properties enhances plant growth
and microbial activity and have shown to enhance biodegradation of
bioaccessible contaminants (Bushnaf et al., 2011; Yang et al., 2010; Kolb et al.,
2009; Asai et al., 2009), it can be used in a systematic concept to promote
phytoremediation. The macropores serve as a route for adsorbate exposure to
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the micro- and meso-pore regions, and also as a habitat for microorganisms
(Downie et al., 2009; Thies et al., 2009; Pietikainen et al., 2000). While locking up
organic contaminants, the bioaccessible (reversibly bound and freely dissolved)
fraction may become degraded by selected plants for phytoremediation, whilst
biochar provide nutrients and moisture to enhance a rapid plant growth (Yang
et al., 2010). Yu et al., 2009showed that mineralisation of pesticides by plants
was enhanced by the presence of biochar in soil, which is supported by Yang et
al., 2010.
CONCLUSIONS
Positive impacts of biochar amendment on soils include: (i) increasing
soil capacity to sorb plant nutrients, consequently reducing leaching losses of
nutrients; (ii) decreasing soil bulk density, leading to less-compacted soil
conditions favorable for root growth and water permeability; (iii) increasing the
soil cation exchange capacity; (iv) increasing soil microbial activity and
diversity; (v) increasing plant available water retention and (vi) increasing crop
yields.
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ABSTRACT
Agricultural intensification causes excessive use of fertilizers and pesticides.
Even though fertilizer and pesticides are suspected contain arsenic heavy metal. One of
the efforts to reduce arsenic contamination from the soil by using ornamental plants is
Caladium bicolor. The aim of this research is to determine the ability of Caladium bicolor
to accumulate arsenic metal. The research using pots with a completely randomized
design (CRD) consisted of four treatments of arsenic concentration with three
replications. In this experiment using arsenic-contaminated soil from previous research
activities with 4 levels of contamination, namely Control (without contamination), low
contamination (5 ppm), moderate contamination (10 ppm), and high contamination (20
ppm). The collection of soil samples and plant samples for metal arsenic analysis was
carried out before planting and after 9 weeks of age. The result showed that Caladium
bicolor can reduce arsenic levels in the soil with the highest decrease of 19.43% in high
level. Caladium bicolor able to accumulate arsenic in plant tissue that is the root and
leaves. Judging from the growth of Caladium bicolor plants, the control treatment has a
better growth than other treatments.
Keywords: Caladium bicolor, arsenic
INTRODUCTION
Agricultural intensification causes excessive use of fertilizers and
pesticides. Even though fertilizers and pesticides are suspected contain arsenic
heavy metal. According to Setyorini et al., (2003) several types of fertilizers
containing arsenic such as N fertilizer, P fertilizer, manure, lime, and compost
with contents of 2.2-120, 2-1200, 3-25, 0.1-25 and 2-52 mg/kg. Several types and
active ingredients of insecticide and fungicide such as Dursban 200 EC, Antracol
70 WP, Bamex, 50SC Reagents, Curacron, Prevathon 50 SC, Agrimec 18 EC,
Decis 2.5 EC, Dithane M-4/Detazeb 80 W indicated contain arsenic in the
pesticide (Fikri et al., 2012).
One effort to reduce heavy metal contamination from the soil by using
plants called phytoremediation. Phytoremediation is the use of plants to move,
reduce or degrade hazardous substances which are environmentally friendly,
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cost-effective and adaptive remediation technologies (Marmiroli, 2001).
Phytoremediation can use ornamental plants. In addition to aesthetic value,
ornamental plants are not consumed so it is safe. All plants have the ability to
absorb metals but in varying amounts. Some types of ornamental plants such as
hanjuang/andong (Cordyline fruicosa), sambang dara (Excoecaria cochinensis), lidah
mertua (Sanseviera trifasciata Prain) were able to absorb Pb metal from the ground
(Haryanti et al., 2013). Lidah mertua also could reduce the Cd content from the
soil up to 44.01% (Yusuf et al., 2015). Ulimma et al (2016) reported that hanjuang
plants (Cordyline fruicosa), heliconia (Heliconia psittacorum) and lidah mertua
(Sanseviera trifasciata Prain) could absorb mercury metal. Caladium sp plants
could accumulate mercury metal up to 20 mg/kg (Muddarisna et al., 2015).
Reynoutria sachalinensis and Chlamydomonas sp. has the potential to
remediate arsenic-contaminated land and waters with an accumulation capacity
of more than 2 g As/kg dry weight (Feller, 2000 in Hidayati, 2005).
Research on the remediation of arsenic using ornamental plants,
especially ornamental taro (Caladium bicolor) has not been widely done.
Therefore, more in-depth research is needed to determine the ability of
Caladium bicolor to accumulate arsenic metal.
MATERIALS AND METHODS
The study was conducted in 2017 in the greenhouse of the Indonesia
Agricultural Environmental Research Institute. The study using pots with a
completely randomized design (CRD) consisted of four treatments of arsenic
concentration with three replications.
In this study using arsenic-contaminated soil from previous research
activities with 4 levels of contamination namely control (without
contamination), low contamination (5 ppm), moderate contamination (10 ppm),
and high contamination (20 ppm). Planting of Caladium bicolor has done for 9
weeks. The collection of soil samples and plant samples for the analysis of metal
arsenic was carried out before planting and after the plants were 9 weeks old.
Furthermore, soil and plant samples were prepared and analyzed for
their metal content. Metal analysis using wet ashing method by adding a strong
acid HNO3 and HClO4-. Measurement of arsenic metal using the Atomic
Absorption Spectrophotometer (AAS) with a hydrid system.
RESULTS AND DISCUSSION
The soil used for experiments was from soil of previous research. The
results of the analysis of metal arsenic on the initial soil before planting was
presented in table 1. After planting 9 weeks of Caladium bicolor, there was a
decrease in arsenic levels in the soil. The highest decrease in high arsenic
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treatment was 19.43%, whereas in the control soil it contained arsenic from the
soil-forming host rock. The earth's crust layer contained arsenic around 1.8
mg/kg (Kabata-Pendias, 2011). Levels of arsenic in the treatment of moderate
and high could be reduced further by increasing the planting season of Caladium
bicolor.
Table 1. Percent of Descending Arsenic in Soil
Treatment
Control
Low
Moderate
High

Early Arsenic
Finall Arsenic
……mg kg-1…..
1.37
1.97
2.49
3.93

1.22
1.64
2.18
3.17

Percent of
Descending Arsenic
(%)
11.03
16.51
12.63
19.43

The ability of plant to accumulate metal from the soil could be calculated
with the value of Translocation Factor (TF) and Bio-concentration Factor (BCF).
TF value <1 showed a greater metal translocation to the root than the canopy
(Table 1). The amount of absorption of metals in the roots greater than canopy
because the roots are plant organs that are direct contact with the soil. BCF
values between 0.1-1 indicated that Caladium bicolor plants was medium
accumulator in absorbing arsenic metal. Heavy metals in the soil could be
bound by plants when in the form of ions in soil solutions or in the form of
complex organic compounds that dissolve (Saeni et al., 1997 in Adji, 2005).
Metals absorption mechanism from soil by plants as follows (Chaney et al, 1995
in Hidayati, 2005): (1) rhizofiltration, the ability of roots to absorb contaminants
from the soil/groundwater, (2) phytostabilization, immobilization of
contaminants in the soil by root exudates (3) phytostimulation, the ability of
plants to stimulate biodegradation activity by microbes associated with roots,
(4) phytoextraction and phytotransformation, the ability of plants to absorb
contaminants then translocated to various organs of plants, (5) phytomining, the
ability of plants to absorb metals with large amounts from soil. Plant
physiological response to metals is by forming a protein that forms a binding
compound called phytochelatin (Haryati et al., 2012 in Haryanti et al., 2013).
Phytochelatin is a peptide containing 2-8 amino acids cysteine at the center of
the molecule and a glutamic acid and a glycine at the opposite end.
Phytochelatin is formed in the nucleus which then passes through the
endoplasmic reticulum, the Golgi apparatus, and the secretory vascular to reach
the cell surface.
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Table 2. Arsenic concentration in root and leaves of caladium bicolor, TF and BCF
of caladium bicolor
Treatment
Control
Low
Moderate
High

Root
mg kg-1
0.34
0.79
1.17
1.20

Leaf
mg kg-1
0.17
0.18
0.20
0.21

Translocation
Factor

Bioconcentration
Factor

0.50
0.23
0.17

0.25
0.40
0.47

0.18

0.31

The effect of heavy metals on plants can be seen from the physical plant
characteristics such as plant height, leaf area and plant weight. Judging from the
growth of plants, control treatment had the largest leaf area compared to high
contaminant treatment (table 3). Although the number of leaves with low
treatment had the highest number of leaves but the leaf area was still lower
compared to control plants. Dry weight of plants with low treatment had
greater than control because plants with low treatment had more leaves. Plants
when absorbing heavy metals will form an enzyme in the root membrane.
Enzyme activity will be inhibited due to the presence of metal ions. Arsenic
inhibits the phosphorylase enzyme group (Edwards et al, 1980 in Hidayati,
2005). Enzyme activity will be inhibited due to the presence of metal ions. The
response to metals occurs in inhibiting root and canopy growth and decreasing
the rate of transpiration (Gerth, 2000 on Hidayati, 2005).
Table 3. Growth of Caladium bicolor
Treatment
Control
Low
Moderate
High

Sum of Leaves
7
11
8
8

Wide of Leaves (cm2)
79.3
73.0
66.3
49.9

CONCLUSIONS
Caladium bicolor was able to accumulate arsenic in plant tissue on the
root and leaves. Caladium bicolor could reduce arsenic levels in the soil with the
highest decrease of 19.43 % in high level. Judging from the growth of Caladium
bicolor, the control treatment had a better growth rate than other treatments.
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ABSTRACT
A risk assessment of organochlorine contamination was undertaken a rice field
in Serayu upper watershed of Wonosobo District. This study aims to assess the potential
non-carcinogenic and carcinogenic risks that the community must face, specifically the
contamination of organochlorine residues in soil and crop yields being consumed. The
risk assessment methodology is based on that devised by the Agency for Toxic
Substances and Disease Registry (ATSDR). Soil and plant samples from paddy fields in
Wonosobo District were extracted using the SNI 06-6990.1-2004 method, and then
measured using GC Shimadzu. Results showed there were potential carcinogenic and
non-carcinogenic risks due to soil contaminated by residues of organochlorine Lindane,
Heptachlor, Aldrin, Chlordane, Toxaphene, Dieldrin, DDT, Endrin, Endosulfan, and
Mirex. There is a potential risk through oral exposure when people consume celery
leaves and leeks, and both foodstuffs were found to contain dieldrin and lindane, aldrin,
and chlordane. Conversely, rice produced from rice fields was free of any organochlorine
content. According to the ASTDR classification, the paddy fields in Wonosobo District
will need to be better monitored in the future.
Key words: organochlorine, paddy fields, risk assessment
INTRODUCTION
Population and economic growth, increased purchasing power, and
changes in people's tastes are triggering greater demands and varieties of food.
However, food supply is under threat of stagnating or declining due to
production problems (Maulana et al., 2016; Irawan, 2016). To increase
production totals, farmers tend to use shortcuts through the excessive use of
fertilizers and pesticides. This has an impact on the accumulation of pesticide
residues in the soil. There are certain organochlorine pesticides that are
accumulated and persistent in rice fields and rivers (Ardiwinata and
Nursyamsi, 2012; Mulyadi et al., 2014). ASTDR (2013) has included
organochlorine pesticides as harmful compounds because they are accumulative
and remain persistent in the soil (WHO, 2007). Organochlorine pesticides have
been banned for use but some developing countries, including Indonesia, still
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use these pesticides because they are relatively cheap, effective and in plentiful
supply (Rahmawati et al, 2017).
Modern agricultural technology is spurring the productivity of strategic
agricultural commodities, including the use of agrochemical materials
(fertilizers and pesticides). However, excessive use of pesticides can cause large
volumes of residues to emerge on the land and the surrounding environment.
As a consequence of intensive use of pesticides, the need for agrochemicals,
especially pesticides, is also increasing every year. This is evidenced by the
distribution of pesticides in Indonesia, based on data from the Directorate of
Fertilizers and Pesticides. It emerged that the number of pesticide formulas
registered and circulating in Indonesia in 2006 was around 1,336 whereas a
decade later in 2016 there were 3,207 formulas (Direktorat Pupuk dan Pestisida,
2016). It has been suggested that climate change will contribute to the rising use
of pesticide use by around 60% by the year 2100 (Koleva et al., 2009).
Pesticides can help communities to remove or eradicate pests, but on the
other hand are dangerous to all creatures that are not even the primary target,
and they are proven to be very dangerous to people’s health. The negative
impacts caused by pesticide residues on human health include (Riza and
Gayatri, 1994): cancer (carcinogenic), birth defects (teratogenic), nerve damage
(neurotoxic), genetic mutations (mutagenic), immune system disorders, and
destruction of or damage to the reproductive and endocrine systems (EDs,
Endocrine Disrupting Pesticides). Responding to the dangers of pesticide
residues in the environment and food, researchers in several countries have
assiduously assessed pesticide residue contamination, for example: Farina et al.,
(2016) in agricultural soils and its health assessment for humans in the Cameron
highlands, Malaysia; Al-Daghri et al., (2018) who undertook biomonitoring and
risk assessment of organochlorine pesticides among Saudi adults; Wei et al.,
(2015) who investigated residual levels of organochlorine pesticides in northwestern China; Koranteng et al., (2017) who examined residues and undertook a
risk assessment of organochlorine pesticides in Ghana; and Rahmawati (2016),
whose study involved a risk analysis of organochlorine pesticides residue in
West Java, Indonesia.
At the present time, food quality and safety are important issues
throughout the world, including Indonesia. Consumers are more selective in
choosing their food which ideally should be high in nutrients and free from
pesticide residues. This has led to increased demand for organic products. The
objectives of this study are to: (1) investigate organochlorine residues and their
levels in soil, plants (rice, celery and leek); (2) compare the daily intake obtained
by Acceptable Daily Intake (ADI) and Maximum Residue Limit (MRL); and (3)
analyze the risk of organochlorine exposure in local communities.
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MATERIALS AND METHODS
Sampling and research area
The research area includes paddy fields in the Serayu Watershed,
Wonosobo District. The number of soil samples is 319 involving rice, celery and
leek. Soil sampling is carried out in the processing layer (0-20 cm) by composing
3-5 subsamples of soil with a radius of 50 meters, as much as 1 kg. Examples of
rice, celery or leek are taken at a soil sample of 0.5 kg. A map of the research
location is presented in Figure 1.

Figure 1. Location of soil and plant sampling
Determination of the Impact of Organochlorines
People affected by organochlorine contamination are divided into two
types: firstly, the potential for being affected by contact with the soil; and
secondly, those eating food produced in the area. Two age groups were
determined to measure the exposure dose: 12 years or younger, taking into
account an average weight of 30 kg; and 13 years and over, taking into account
an average weight of 60 kg. This is also needed to calculate food consumption
and frequency and duration of exposure. Intake is estimated to assume rice,
celery and leek are 114.6 kg / capita / year, 7.3 kg / capita / year and 12.05 kg /
capita / year, respectively. Exposure is considered to be continuous throughout
the course of a person’s life.
The estimated exposure dose for contaminants that is present in the soil
and food (consumption) employs the following formula (USEPA, 2011):
1. Estimated dose of soil exposure (EDsi)
𝐸𝐷𝑠𝑖 =

𝐶. 𝐼𝑅. 𝐸𝐹. 10−6
𝐵𝑊

where, C = the concentration of contaminants in the soil (mg/kg); IR = rate of
absorption of soil; EF = exposure factor; BW = weight. Standard value (ATSDR):
adult – 50 mg/day; children - 50 to 200 mg/day.
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2. Estimated consumption dose of contaminated food (EDf)
𝐸𝐷𝑓 =

𝐶. 𝑅𝑖. 𝐸𝐹
𝐵𝑊

where, C = the concentration of contaminants in the food group i (mg/g); Ri =
group food intake level i (g/day); EF = exposure factor; BW = weight. Estimated
doses are then compared with parameters that indicate the level of health risk.
3. Estimated total exposure dose (Edt)
𝐸𝐷𝑡 = 𝐸𝐷𝑠𝑖 + 𝐸𝐷𝑓
The potential risk of organisms to human health is divided into two,
namely, those who are non-carcinogenic (not cancer-causing) and carcinogenic.
The potential risk of non-carcinogenic organochlorine is measured using the
value of Hazard Quotient (HQ) with the equation,
𝐻𝑄 =

𝐸𝐷𝑡
𝑅𝑓𝐷

Where, the RfD is an estimate of the maximum daily dose intake allowed. If the
HQ value is <1, then the potential health risk is low, while HQ> 1 is used if the
risk to health is high. The risk of heavy metal intake for both values is calculated
using a hazard index (HI), which is assumed to be the cumulative effect of all
heavy metals evaluated, using the equation,
𝐻𝐼 = ∑ 𝐻𝑄
If the HI <1 then the chronic risk of organochlorine is rare, whereas if HI is ≥ 1
then the risk is more common.
Cancer risk (CR) is calculated using the multiplication between daily
intake and slope factor (SF) for cancer. The risk of cancer is thought to be a long
process that an individual may suffer from at some point in his or her life. For
example, if the CR value is 10-4 this shows that 1 in 10,000 individuals develop
cancer. Cancer risk value is calculated using the following equation,
𝐶𝑅 = 𝐸𝐷𝑡 . 𝑆𝐹
𝐶𝑅𝑡 = ∑ 𝐶𝑅
If the elements that have the potential to trigger cancer are more than
one then the potential is accumulated. The risk of cancer ranging from 10-6 to
10-4 is possible.
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RESULT AND DISCUSSION
Concentration of Organochlorines in Soil
The concentration of organochlorine in soil at Wonosobo District’s rice
fields is shown in Table 1. The average values of all assessed organochlorines,
namely, lindane, heptachlor, chlordane, toxaphene, dieldrin, endrin and DDT
were above the maximum allowable limits, while aldrin and mirex were below
the limit permitted. Some of the soil samples contain all organochlorine
pesticides with a value above the allowed limit.
Table 1. Concentration of Organochlorines in Soil at paddy rice fields in
Wonosobo district
organochlorine

detected

min (mg/kg) max (mg/kg)

mean ± SD
(mg/kg)

MTR*
(mg/kg)

Reference
value
intervenstion*

Lindane

25

0,00689

0,13623

0,0141 ± 0,0255

0,01

1,2

Heptachor
Aldrin
Chlordane
Endosulfan
Toxaphene
Dieldrin
Endrin
DDT
Mirex

48
18
9
57
13
43
37
21
24

0,00001
0,00052
0,03816
0,00109
0,13457
0,00031
0,00071
0,00095
0,00132

0,31651
0,04123
0,25115
7,89198
7,14248
1,04223
0,10498
0,40203
0,02547

0,0120 ± 0,0285
0,0069 ± 0,0070
0,0581 ± 0,0245
0,0034 ± 0,0027
0,8908 ± 1,9047
0,0551 ± 0,0870
0,0096 ± 0,0164
0,0231 ± 0,0870
0,0057 ± 0,0061

0,039
0,029
0,05
0,0085
0,5
0,011
0,0075
0,015
0,027

4
0,32
4
4
1,7
-

MTR: maximum tolerable risk, * Asmus et al (2008)

The residual content of organochlorine pesticide detected in succession
from large to small in Wonosobo district is Toxapene>Chlordane > Dieldrin>
DDT> Lindane > Heptachlor> Endrin> Aldrin> Mirex> Endosulfan. Heptachlor,
endosulfan, Dieldrin and Endrin were detected in more than 10% of the total
samples and dieldrin were detected above the most BMR. Dieldrin and DDT
found in Wonosobo District rice fields have the potential to occur cross
resistance if farmers apply pyrethroids, because cross-resistance will occur
between organochlorine groups (Dieldrin and DDT) with pyrethroid groups
(Hemingway, 1997).
Concentration of Organochlorines in rice and vegetables
The concentration of organochlorine in rice and vagetables at Wonosobo
District’s rice fields is shown in Table 2. No organochlorines were found in all
rice and cabbage samples. Whereas in the celery sample found dieldrin and in
the sample of leeks found aldrin and chlordane compounds, where the content
of the chlordane above the maximum residue limits.
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Table 2.Concentration of Organochlorines in rice and vegetables at paddy rice
fields in Wonosobo district
organochlorine

rice

Lindane
Heptachor
Aldrin
Chlordane
Endosulfan
Toxaphene
Dieldrin
Endrin
DDT
Mirex

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

concentration (mg/kg)
celery
Leek
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
0,05122
<LOD
<LOD
<LOD

<LOD
<LOD
0,00615
0,05751
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

BMR (mg/kg)*
Cabbage
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

0,5
0,05
0,1
0,02
2
2
0,1
0,05
1
1

*SNI 7313: 2008

Estimated exposure dose from contaminated soil and food
Organochlorines exposure from contaminated soil and food is presented
in Tables 3 and 4. The intake (ED) of contaminated soil is greater what is found
in the food. The intake (ED) of food was only detected in aldrin, dieldrin and
chlordane compounds. The risk of children being exposed to them is higher
than that of adults.
Table 3. Estimated exposure dose from organochlorine contaminated soil
organochlorine
Lindane
Heptachor
Aldrin
Chlordane
Endosulfan
Toxaphene
Dieldrin
Endrin
DDT
Mirex

concentration IR
(ug/kg)
(child)
14,1
12
6,9
58,1
3,4
890,8
55,1
9,6
23,1
5,7

0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2

IR
(adult)
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05
0,05

EF
BW
EF (adult)
(child)
(child)
0,08
0,15
0,06
0,03
0,18
0,04
0,13
0,12
0,07
0,08

0,08
0,15
0,06
0,03
0,18
0,04
0,13
0,12
0,07
0,08

30
30
30
30
30
30
30
30
30
30

BW
(adult)
60
60
60
60
60
60
60
60
60
60

ED
ED
(child) (adult)
0,007
0,012
0,003
0,011
0,004
0,242
0,050
0,007
0,010
0,003

0,001
0,002
0,000
0,001
0,001
0,030
0,006
0,001
0,001
0,000

Rahmawati et al., (2017) in their research with carrot and potato
commodities obtained the same pattern where the value of intake (ED) is
relatively small. Therefore it does not contribute enough to the magnitude of the
hazard index and cancer risk.
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Table 4. Estimated exposure dose from food contaminated with organochlorine
organochlorine
Lindane
Heptachor
Aldrin
Chlordane
Endosulfan
Toxaphene
Dieldrin
Endrin
DDT
Mirex

concentration
(ug/kg)
0,0
0,0
6,1
57,5
0,0
0,0
51,2
0,0
0,0
0,0

IR
(child)
0,0057
0,0057
0,0057
0,0057
0,0057
0,0057
0,0057
0,0057
0,0057
0,0057

IR
EF
BW
BW
EF (adult)
(adult) (child)
(child) (adult)
0,0057
1
1
30
60
0,0057
1
1
30
60
0,0057
1
1
30
60
0,0057
1
1
30
60
0,0057
1
1
30
60
0,0057
1
1
30
60
0,0057
1
1
30
60
0,0057
1
1
30
60
0,0057
1
1
30
60
0,0057
1
1
30
60

ED
ED
(child) (adult)
0,0000
0,0000
0,0000
0,0000
0,0012
0,0006
0,0110
0,0055
0,0000
0,0000
0,0000
0,0000
0,0098
0,0049
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000

Hazard index and cancer risk
Hazard quotient (HQ) from each organochlorine and hazard index (HI)
as the total hazard quotient of soil, rice and vegetable samples from this study
are described in Table 5. The HQ from soil, rice and vegetables is below the
hazard index except dieldrin, whereas the HI value is above the risk limit. These
results indicate there may be concerns about the potential for non-cancer
outcomes. As a consequence, there are possible chronic effects. In the case of
carcinogenic effects, the risk value of each organochlorine is determined by
multiplying the intake (ED) with SF (slope factor). Calculations concerning the
risk of each organochlorine and the risk of total organochlorine are shown in
Table 5.
Table 5. Potency of health and cancer risk
Organochlorine
Lindane
Heptachor
Aldrin
Chlordane
Endosulfan
Toxaphene
Dieldrin
Endrin
DDT
Mirex
HI/CRt

Total exposured
ED
ED (adult)
(child)
0,007
0,012
0,004
0,022
0,004
0,242
0,059
0,007
0,010
0,003

0,001
0,002
0,001
0,007
0,001
0,030
0,011
0,001
0,001
0,000

HQ
RfD

SF

3.10-04
5.10-04
3.10-05
5.10-04
6.10-03
NA
5.10-05
3.10-04
5.10-04
NA

1,1
4,5
17
0,35
NA
1.1
16
NA
0,34
NA

child
0,02
0,02
0,13
0,04
0,00

CR
adult
0,00
0,00
0,03
0,01
0,00

1,19
0,02
0,02

0,22
0,00
0,00

1.4

0.3

child

adult

8.1.10-06
5.4.10-05
6.4.10-05
7.7.10-06

1.0.10-06
6.8.10-06
1.5.10-05
2.4.10-06

2.7.10-04
9.5.10-04

3.3.10-05
1.8.10-04

3.4.10-06

4.3.10-07

1.4.10-03

2.4.10-04
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The hazard index and cancer risk for each organochlorine that is caused
by soil exposure is greater than food. Therefore, this risk is greater for workers
in agriculture work on the land every day of their lives.
CONCLUSION
1.
2.

3.

There are some samples having a concentration of organochlorine in both
soil and plants that exceed the allowable limits.
Non-carcinogenic risks for children exceed the allowable limits contributed
by aldrin contamination, while for adults there is still a permissible
threshold (HI > 1).
Carcinogenic risk for children is 1,4.10-3 while for adults it is 2,4.10-4; both
are greater than the limit (CRt > 1.10-4).
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ABSTRACT
The plant cannot absorb phosphorus nutrient in the bound form but must be
converted into an available form. Soil microbes have a role in the soil properties such as
solubilized phosphor bound by acid secretion, and mineralization of organic phosphate
components by converting into inorganic forms. Several types of microorganisms were
identified. They can help the plants to provide the nutrients. Soil pH has a role in the
availability of inorganic phosphorus. The aim of this study was to determine the effect of
the addition of Bacillus aryabhattai to the population of phosphate solubilizing bacteria
and soil pH. The research was conducted in the screen house and Integrated Laboratory
of Indonesian Agricultural Environment Research Institute (IAERI) from December
2016 to March 2017. The experimental design was Completely Randomized Design with
4 treatment. The treatment involved Control (D1), Bacillus Aryabhattai (D2), Liquid
Organic Fertilizer (D3), and Trichoderma (D4). The Pikovskaya medium was used to
analyze the phosphate solubilizing bacteria. The results show that Bacillus Aryabhattai
has a great influence on the increasing population of phosphate solubilizing bacteria. The
population of phosphate solubilizing bacteria in the Bacillus Aryabhattai treatment was
3,1 x 107 cfu/ml, while in the control was 4,1 x 106 cfu/ml. There was found the
similarities in trends between the number of phosphate solubilizing bacteria populations
and soil pH. Bacillus Aryabhattai has a great potency to increase the plant nutrients
especially phosphorus.
Keywords: phosphate solubilizing bacteria, Bacillus aryabhattai, green onion

INTRODUCTION
The Nitrogen, phosphorus, and kalium were the macro-essential
component, which needed by the plant. There were not all components in the
available form for the plant. Some of microorganism was identified can help the
plant to provide the plant nutrients. Phosphorus is one of the major plant
nutrients required in optimum amount for proper plant growth. Native soil
phosphorus is organically bound and available in the form of phytin, or its
derivatives has low solubility and mobility, and thus is not accessible to plants.
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This organic P must be hydrolyzed to inorganic P for plants utilization which
can be mediated by phosphatases secreted by AM fungi or phosphate
solubilizing bacteria (Gaur and Rana, 1990).
The green onion needs the phosphorus nutrients for growth and yield
growth. The use of phosphorus fertilizer to increase agricultural production is
not new to farmers. Phosphorus is needed by plants to promote the root growth
and formation of a root system of seeds and young plants, as a constituent of
cell nuclei, fat, and protein. The role of phosphorus nutrient for plants is for cell
division, albumin formation, flower, fruit, and seed formation, accelerating
plant maturity, digging roads, and keeping energy (Nahdudin et al, 2014).
Tricalcium phosphate was added as an insoluble source of inorganic
phosphate which does not increase the P level in the rhizosphere soil. Various
methods to solubilize insoluble phosphate to increase its availability by
biologically mediated processes as mineralization and immobilization by
phosphate solubilizing microorganisms have been discussed (Illmer and
Schimmer, 1995; Zou et al., 1992). An increase in P availability to plants through
the inoculation of phosphate solubilizing microorganisms has been reviewed
several times in pot experiments (Kumar et al., 2001). Soil bacteria having the
phosphate solubilizing capacity are called as Phosphate Solubilising Bacteria
(PSB). They convert the insoluble phosphate into soluble form through the
production of organic acids and make it available for plant uptake and nutrition.
They are also useful as biofertilizers as they belong to the plant growth
promoting Rhizobacteria (Satyaprakash et al., 2017).
Richardson (1994) discussed two strategies to improve the efficiency of P
fertilizer utilization: 1) management of existing populations of soil
microorganisms to optimize their capacity for P transformation to synchronize
their nutrient mobilization activity with that of plant requirements, and 2) the
introduction of a specific inoculant to enhance either the supply and availability
of soil P or the uptake of P by plant roots.
There were some characteristics of phosphate solubilizing bacteria: 1.
Phosphate solubilizing bacteria has the ability to dissolve organic P into
dissolved phosphate forms available to plants; 2. Phosphate solubilizing bacteria
secrete organic acids such as acetic acid, formic acid, lactic acid, oxalic acid,
malic acid and citric acid produced by these microbes; 3. Phosphate solubilizing
bacteria producing phosphatase enzymes such as acid and base phosphatase (
Some phosphatase enzymes such as phosphomonoesterase, phosphodiesterase,
triphosphomonoesterase, and phosphoamidase are generally present in the
soil); 4. These enzymes are responsible for the process of hydrolysis of organic P
into inorganic phosphate (H2PO4-, HPO42-) which is available to plant (Pang and
Kolenk, 1986; Mearyard, 1999; Lal, 2002).
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The aim of this study was to determine the effect of biofertilizer to the
population of phosphate solubilizing bacteria green onion. Through this study
will be expected to know which treatment that can increase the bacteria
population and provide the plant nutrients.
MATERIALS AND METHODS
The research was conducted in the screen house and Integrated
Laboratory, Indonesian Agricultural Environment Research Institute (IAERI)
from December 2016 to March 2017. The andisols from Kaliangkrik, Magelang
Regency was used in this experiment. The experimental Completely
randomized design was used with 4 treatments. The treatment involved was
Control (D1), Bacillus Aryabhattai (D2), Liquid Organic Fertilizer (D3), and
Trichoderma (D4). The Pikovskaya medium was used to analyze the phosphate
solubilizing bacteria. The composition of Pikovskaya medium for 100 ml
medium was 1 g glucose, 0.5 g Ca3(PO4)2, 0.05 g (NH4)2SO4, 0.02 g KCl, 0.01 g
MgSO4, 0.05 g Yeast Extract, 0.005 g MnSO4, 0.005 g FeSO4, and 1.8 g agar.
Calculation of the number of bacteria is carried out using the total plate
count method. The principle of this method is that if living microorganisms are
grown on agar medium, then the cell will proliferate and form the colonies that
can be seen directly and calculated with the eye without using a microscope
.The Colony Forming Unit in solution can be calculated using the formula
(Fardiaz, 1992):
cfu/ml = (no. of colonies x dilution factor)/volume culture
The phosphate solubilizing bacteria can be identified by grow it in the
Pikovskaya medium which contains insoluble phosphorus Ca3(PO4)2 after
incubated in 30 0C for about 5 days. The bacteria which growth in the
pikovskaya medium will dissolve phosphorus which signed by transparency
zone (halo zone) in the surround of the bacteria colony (Suliasih and Rahmat,
2007).
RESULTS AND DISCUSSIONS
To measure the quantitative ability of phosphate dissolution from
microorganisms, it is carried out by growing pure microorganisms in
Pikovskaya liquid media (Ginting et al., 2005). In the medium which has turbid
appearance, the colony of phosphate solubilizing bacteria will characterize by
transparency zone in the circumference because of the phosphate dissolving.
The bacteria which grow in the pikovskaya medium will dissolve phosphorus
which be marked by transparency zone (halo zone) in the surround of the
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bacteria colony as shown in Figure 1. This is due to the dissolution of fine
particles from Ca3(PO4)2 (Suliasih and Rahmat, 2007).

Halozone

Bacteria
Colony

Figure 1. Transparency zone (halozone) in the surround of the bacteria colony

Figure 2. Isolation Result in Pikovskaya Medium
Figure 2 shows the isolation results in Pikovskaya medium. Some of the
bacteria are categorized as phosphate solubilizing bacteria and a few numbers
as fungi. The tranparency zone is the initial sign to determine the ability of a
phosphate solubilizing microbia to dissolve phosphate. The wider the clear zone
can qualitatively be considered as a sign of the ability to phosphate solubility in
the growing medium (Nautiyal, 1999). The results of the total population of
phosphate solubilizing bacteria showed in Table 1.
Table 1. Population of Phosphate Solubilizing Bacteria
No
1
2
3
4

Treatment
Control
Bacillus Aryabhattai
Liquid Organic Fertilizer
Trichoderma

Phosphate Solubilizing Bacteria (cfu/ml)
4,1 x 106
3,1 x 107
5,2 x 105
1,4 x 105
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The result showed that the highest bacteria population is in treatment of
Bacillus aryabatthai. The population of phosphate solubilizing bacteria in the
Bacillus aryabhattai was 3.1 x 107 cfu/ml, while in the control was 4.1 x 106
cfu/ml. The population of phosphate solubilizing bacteria population in the
liquid organic fertilizer and Trichoderma were 5.2 x 105 cfu/ml and 1.4 x 105
cfu/ml, respectively. The differences in the population of phosphate solubilizing
bacteria from each treatment shows that these microbes have different abilities
in solubilizing phosphate. The more population of phosphate solubilizing
bacteria from each treatment accordingly, the ability of each type of microbial to
phosphate solubility also getting higher. Ngawit (1999) states that the ability of
each type of phosphate solubilizing bacteria in fixed phosphate solubility varies
greatly, depending on the type and adaptability of the bacteria to the
environment. Many bacteria produce enzymes which enhance releasing
phosphate from organic P compounds. These bacteria also produce other
biological materials such as auxin, gibberellic acid, vitamins and hormones that
increase the dissolution of phosphate (He et al., 2002).
The highest population of phosphate solubilizing bacteria is stimulated
by Bacillus aryabhattai, while the lowest one is affected by Trichoderma. Strains
of Pseudomonas bacteria, Bacillus, Rhizobial, Enterobacter, Aspergillus and
Penicillium are the most efficient in solubilizing phosphorus (Whitelaw, 2000).
Rodriquezz and Fraga (1999) stated that in dissolving phosphate, Bacillus sp.
also has the other PGPR (Plant growth promoting rhizobacteria) character
because Bacillus sp. can synthesize IAA, promote the growth of germination
significantly, and can produce anti-fungal compounds that can inhibit the
growth of phytopathogenic fungi. Of several bacterial strains, it turns out that
the genera Pseudomonas and Bacillus have a high ability to dissolve phosphate.
Liu et al., (2016) had isolated and identified phosphate solubilizing
bacteria from the grapevine rhizosphere and revealed 5 species: Bacillus
aryabhattai, B. megaterium, Klebsiella variicola, Stenotrophomonas rhizophila,
and Enterobacter aerogenes. These phosphate solubilizing bacteria was used as
biofertilizers which will increase the available P content in soils, minimize Pfertilizer application, reduce environmental pollution, and promote sustainable
agriculture. Phosphate solubilizing fungi like Aspergillus, Penicillium and
Trichoderma plays a role in dissolving compound difficult to dissolve
phosporus, increasing available - P, improve plant growth and increase the
efficiency of phosphate fertilization (Rao, 1994).
Figure 3 showed that there is a relation between total population of
phosphate solubilizing bacteria and soil pH on 94 and 105 days after planting.
Inoculation of Bacillus Aryabhattai in sgreen onion has soil pH 5.8 and 6.1 in 94
and 105 DAP (day after planting), respectively, which shown the highest soil
pH. This is indicated that soil pH increase tend to increase population of
142

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345237

phosphate solubilizing bacteria. Soil pH in 105 DAP was higher than in 94 DAP
in all treatment. The range of soil pH in all treatment is 94 DAP was 5.3 - 5.8 (94
DAP) and 5.4 - 6.1 (105 DAP). According to Taha et al.(1969), optimum bacterial
growth at neutral pH and will increases with increasing soil pH. Soil pH values
between 6 and 7.5 are best for P-availability, this is because at pH values below
5.5 and between 7.5 and 8.5 limits P from becoming fixed by aluminum, iron, or
calcium, and hence, not being available for plant use (Azziz et al., 2012).
Phosphate solubility by phosphate solubilizing bacteria occurs
chemically and biologically. The mechanism of chemical phosphate dissolution
is the main mechanism carried out by bacteria. These bacteria excrete a number
of low molecular weight organic acids such as oxalate, succinate, tartrate, citrate,
lactate, ketoglutarate, acetate, formate, propionate, glycine, glutamate,
glyoxylate, malate, fumarate (Illmer et al., 1992; Banik et al., 1982; Alexander,
1977; Beauchamp et al., 1997 in Ginting et al., 2005). The increase in organic acid
is followed by a decrease in pH. The pH changes play an important role in
increasing phosphate solubility. Furthermore, these organic acids will react with
phosphate binders such as Al3+, Fe3+, Ca2+, or Mg2+ to form stable organic chelate
so that it is able to free bound phosphate ions and therefore can be absorbed by
plants (Ginting et al., 2005).
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Figure 3. Graphic of comparison between soil pH with populationof
Phosphate solubilizing bacteria
The mineralization rate also increases with a pH value that is
appropriate for the metabolism of microorganisms and the release of phosphate
will increase as the pH value increases from acid to neutral. In addition, the
mineralization rate turned out to be directly correlated with the number of the
substrate. Soil-rich phosphate soils are the most active soil for the ongoing
process of mineralization (Alexander, 1977). The availability of inorganic
phosphorus is largely determined by soil pH, the amount and level of
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decomposition of organic matter and the activities of microorganisms in the soil
(Lal, 2002).
CONCLUSIONS
•
•

Application of Bacillus aryabhattai under green onion culture increase the
phosphate solubilizing bacteria.
There is similarity trends between the population of phosphate solubilizing
bacteria and soil pH of andisols.
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ABSTRACT
The striking difference of productivity between irrigated rice and rainfed rice is
determined some limited factor, i.e. abiotic factors, soil fertility degradation, and pest
attacks. The high plant sensitivityy to pests is caused by low silicates content in plant.
This study aims to determine the preferences of farmers on crop performance in several
rice varieties grown in rainfed lowland rice fields using several doses of granular silicate
fertilizer. The research was carried out in Semanu, Gunungkidul on October 2017 to
February 2018. Preference assessment was based on plant height, number of tillers,
number of grain and form of grain. Preference test was conducted before harvest the
plants. Based on observation of plant height and number of tillers, the plant performance
showed significant differences in rice variety, silicate fertilizer, and their interaction.
Based on the respondent's choices on each parameter, the preferred varieties were
Ciherang (V4), Inpari Blast (V2) and Inpari 42 (V3) with the innovation of rice
cultivation technology based on silicate granule fertilizer.
Keywords: preferences, farmers, crop performance, silicates, variety
INTRODUCTION
Rainfed rice fields are flat terraced agricultural land and emerge with
water sources from rainfall. Rainfed rice fields in Gunungkidul of Yogyakarta
cover an area of 44,000 ha out of a total of 117,704 ha of dry land (BPS DIY, 2015)
making it possible as a food barn. The productivity of rainfed rice in
Gunungkidul is averaged 4,476 kg/ha (BPS DIY, 2015), while irrigated rice is
6,300 kg/ha. The gap yield between rainfed rice and irrigated rice is very
striking, as much as 1,824 kg/ha.
There are asome limiting factors, namely genetic potential of low yield,
high biotic factors (pests and diseases), and abiotic (drought), degradation of
soil fertility and decreased production inputs, especially fertilizers (Waluyo et
al., 2015). In addition, the attack of pests of disease (rice rods, blast,
planthopper) is an obstacle to rice farming in rainfed rice fields. Weak plant
resistance to pest attack caused by low silicate (Si) content in plants as a result of
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low input of silicate elements (Makarim et al., 2007). The use of organic fertilizer
and granular silicate fertilizer on rainfed dry land is a breakthrough to
strengthen plant resistance from pest and disease attacks. Silicates is not
included as essential nutrients, but Si fertilization can increase production,
because Si could improve the physical properties of plants and affects the
solubility of P in the soil. However, Silicate fertilization in rice plants in
Indonesia is still very rarely done. A more comprehensive study of the use of Si
in rice still needs to be done.
This study aims to determine the preferences of farmers on crop
performance of some rice varieties grown in rainfed lowland rice fields with
fertilizing granular silicate fertilizer as a component of cultivation technology.
MATERIALS AND METHODS
The study was carried out in the "Sedyo Maju" Farmer Group, Pragak,
Semanu, Semanu, Gunungkidul during the rainy season of 2017/2018 (October
to February 2018). Site selection was determined purposively. Six rice varieties
and several doses of granule silicate fertilizer were used in this study as a
component of cultivation technology components in rice (Table 1).
The method used was a preference survey from 35 farmer respondents
for four parameters (plant height, number of tillers, number of grain and form
of grain). Preference test is done before harvesting the plants. The data obtained
were analyzed using Friedman Test with a rating scale of 1 to 5. The results of
the assessment were determined from the averaged value of the 5 highest / best
respondents' choices. Preference test uses a preference test (hedonic test) with a
level (scale) of preference 1 to 5 (1 = very dislike, 2 = dislike, and 3 = rather like, 4
= like and 5 = really like (Lamord, 1997) Data from the assessment of the level of
farmers' preference were analyzed statistically further using Friedman Test
(Sunyoto and Setiawan, 2013).
Table 1. Assemblies Components Technology of Rainfed Rice Cultivation
Variety
V1=Hibrida Hipa 9
V2= Inpari Blas;
V3= Inpari 42,
V4=Ciherang;
V5=Inpari 33
V6= Sembada merah
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Silicate Fertilizer Dose
P0 = without silicate fertilizer
P1 = 50% of recommended dose of silicate fertilizer
P2 = 100% recommended dose of silicate fertilizer
P3 = hush ash equivalent to 100% recommended
dose of silicate fertilizer)
P4 = 150% recommended dose of silicate fertilizer

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345238

RESULTS AND DISCUSSION
Preference result which was analyzed using Friedman Test is presented
in Table 2. Table 2 shows that the assessment of respondents' preferences on
plant height shows a significant statistically difference which is seen from the
value of Asymp.Sig. Less than 0.05. Plant performance based on observation of
plant height and number of tillers refers significant differences both in the
variety (V) treatment, silicate fertilizer treatment (P) and their interactions
(Kristamtini, 2017).
Table 2. The results of the analysis of the plant performance preference test
Plant
height

Rank

Number
of tillers

Rank

Grain
amount

Rank

Grain
shape

V1P0

15.06

17

13.44

19

16.76

14

16.38

15

V1PI

9.06

25

11.56

23

12.30

23

14.77

20

V1P2

19.11

8

21.50

6

19.77

8

19.82

7

V1P3

12.98

20

13.79

18

13.65

21

15.67

18

V1P4

17.58

13

13.92

17

16.68

15

15.91

16

V2P0

7.50

26

7.26

30

7.24

29

6.85

30

V2P1

16.12

16

17.18

12

15.53

16

16.52

14

V2P2

21.70

5

22.86

4

21.80

2

20.03

6

66,36(V)

V2P3

24.29

1

23.56

3

22.89

1

22.42

2

96,16 (I)

V2P4

13.56

19

8.76

26

10.32

24

10.30

24

V3P0

11.95

21

12.42

22

13.68

20

11.76

23

V3P1

9.56

24

13.03

20

13.38

22

12.91

21

V3P2

7.77

28

8.06

27

7.77

28

8.98

27

V3P3

22.74

3

24.33

1

21.53

4

19.18

8

V3P4

16.91

14

15.94

15

16.79

13

17.39

13

V4P0

22.11

4

22.26

5

21.61

3

22.47

1

V4P1

21.08

6

19.76

8

17.03

7

20.67

5

V4P2

16.89

15

17.55

10

15.03

17

15.86

17

V4P3

22.82

2

24.11

2

21.39

5

21.23

3

V4P4

18.70

10

16.59

14

18.39

11

17.41

12

V5P0

20.14

7

20.82

7

20.48

6

21.12

4

V5P1

19.09

9

16.94

13

18.61

10

18.67

9

V5P2

14.24

18

14.95

16

14.86

18

15.00

19

V5P3

10.39

23

10.02

25

9.45

25

9.94

25

V5P4

7.29

29

7.76

29

8.44

27

9.17

26

V6P0

17.92

11

17.38

11

18.88

9

17.67

11

Rank

Total

68,60(IV)

88,45(III)

89,55 (II)
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V6P1

17.70

12

17.92

9

17.03

12

17.73

10

V6P2

10.67

22

10.58

24

9.38

26

8.76

28

V6P3

13.56

19

12.86

21

14.17

19

12.05

22

V6P4
N

6.52

30
33

7.89

28
33

6.98

30
33

8.38

29
33

ChiSquare
df
Asymp.
Sig.

Table

407.20

410.13

339.62

313.38

29

29

29

29

0.000

0.000

0.000

0.000

3. The five best treatments based on the results
respondents/farmers' preference test on plant performance

Rank
Plant height
1.
2.
3.
4.
5.

V2P3
V4P3
V3P3
V4P0
V2P2

Treatment
Number of
productive tillers
V3P3
V4P3
V2P3
V2P2
V4P0

Grain amount
V2P3
V2P2
V4P0
V3P3
V4P3

of

the

Grain
shape
V4P0
V2P3
V4P3
V5P0
V4P1

Based on the results of the respondent’s choices in each parameter, the
preferred varieties are V4 (Ciherang), V2 (Inpari Blast), V3 (Inpari 42) and V5
(Inpari 33) with rice cultivation technology innovation (Table 3). Based on
silicate granule fertilizer, where the preferred fertilizer treatment sequentially is
P3 (technology using husk ash as an alternative fertilizer silicate granule with an
equivalent dose of 100% recommended dose of silicate), P0 (without silicate
fertilizer), P2 (100% recommended dose of silicate fertilizer) and P1 (50%
recommendation dose of silicate fertilizer).
According to respondents, the choice of preferences for Ciherang variety
is due to the good performance of the plants (V4P3, V4P0, V4P1). The good
performance of plants will be followed by high production. Besides that, the rice
taste is sticky and the consumer likes it so that the farmers are used to planting
Ciherang varieties. Farmers do not change easily a variety to another variety
before they are convinced of its superiority (Ruskandar, 2006). The high
production is the most important attribute according to farmers, because it will
stimulate high income (Rahayu, 2012).
The high productivity of Ciherang varieties favored by farmers is based
on results from using silicate granule fertilizer (SiO4). In the report of the study,
Kristamtini (2017) stated that the genetic potential of each rice variety was
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influenced by the environment of site which applied with silicate granule
fertilizer. The highest productivity was achieved by Ciherang variety (8.02 t/ha)
followed by Inpari 42 (7.58 t/ha).
The selection of respondent’s preferences in the treatment of P3
fertilization dose (technology of using husk ash as an alternative fertilizer
silicate granule with an equivalent dose of 100% recommended dose of silicate)
is due to the good performance of the plants (V2P3, V4P3, V3P3) as well as the
ease of obtaining husk ash among farmers. This is in accordance with the results
of Kristamtini's study (2017) that a good fertilizer dosage for vegetative growth
up to age 35 day after planting is P3 treatment, and the results of analysis of rice
cultivation based on silicate granule fertilizer are beneficial and feasible (BC
ratio and BC ratio of P1, P2, P3 and P4> 1). The highest BC ratio and RC ratio
were obtained from P3 treatment (husk ash as a natural source of granule
silicate fertilizer). The BC ratio values in sequence are P3 (2.97), P1 (2.26), P2
(1.76), P0 (1.75), and P4 (1.31). While the RC ratio values are sequentially P3
(3.97), P1 (3.26), P2 (2.76), P0 (2.75), and P4 (2.31).
CONCLUSION
Rice varieties favored by farmers in cultivated rainfed rice fields using
silicate fertilizer are V4 (Ciherang), V2 (Inpari Blast), V3 (Inpari 42) and V5
(Inpari 33). Farmers refer crop performance which is applied with husk ash as
an alternative fertilizer silicate granule with an equivalent dose of 100%
recommended dose of silicate) followed by 50% recommended dose of silicate
fertilizer and 100% recommended dose of silicate fertilizer.
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ABSTRACT
Food security is the condition of fulfilling food for households which is reflected
in the availability of adequate food, both in quantity/quality, safe and evenly distributed
and affordable. Food security for an area is very important. Given that food is a basic
need and is a human right. Food in this study is Japanese tuber/satoimo (Colocasia
esculenta var antiquorum L). With sufficient food needs that will produce good food
security as well. Japanese taro / Satoimo is one of the alternative foods that can replace
rice. The superiority of Satoimo can be cultivated on open land or under other plant
stands. Based on the results of the research, Satoimo can grow shaded up to 70% .
Satoimo productivity reaches 30,000 kg/ha with a higher selling price compared to other
taro. Satoimo has nutrients that are beneficial to health, including protein, vitamin A,
vitamin C, minerals, and hyluronic acid. Satoimo fresh is a source of calcium and
calories but with low carbohydrate and zero sugar content and well consumed as a food
diet and is very good for diabetics Based on the results of the business feasibility
analysis, satoimo cultivation has a normal R/C value of 2.3-2.9 means that it is worth
developing.
Keywords: Satoimo, potential and opportunities, alternative food, food security
INTRODUCTION
Food security according to Regulation No.7 in 1996 concerning food
security, is the condition of fulfilling food for every household, which is
reflected in the availability of sufficient food, both quantity and quality, safe,
equitable, and affordable. Understanding of food security includes macro
aspects, namely the availability of adequate food; and at the same time micro
aspects, namely the fulfillment of the food needs of each household to live a
healthy and active life.
Food security is the basic pillar of economic development and
community welfare (Azahari, 2008). The realization of food security is pursued
through some attempts, i.e. food diversification (Lastinawati, 2010). Food
diversification efforts have been initiated since 1970. Food diversification
program is implemented in accordance with Presidential Regulation no. 22 in
which accelerates the diversification of food consumption based on local
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resources (Permentan, 2016). The problem of food diversification is the
imbalance between the rapid increase of population and the provision of food
production from agricultural products. Production of various types of food in a
food diversification program cannot be generated in all regions and cannot be
produced at any time (Rachman and H.P.S. 2001). At the national level, food
security is defined as the ability of a nation to guarantee that all its inhabitants
get adequate food, adequate quality, safe, and is based on optimizing utilization
and based on the diversity of local resources.
One type of non-rice food commodity that has good value and economic
prospects is Japanese Taro Satoimo (Colocasia esculenta var antiquorum L) or
known as Taro Potato. This one foodstuff has now become one of the main
foodstuffs for the majority of the Japanese population as a substitute for rice and
potatoes. They consider that rice and potatoes contain too much carbohydrate
and sugar. Many Japanese people divert their consumption to this type of taro
Japanese. Talas has actually entered Indonesia for a long time, namely during
the Japanese occupation in period of 1942 - 1945. The food insecurity situation
that hit almost all parts of Indonesia at that time, forced the Japanese occupation
government to bring the original sakura country food commodities into
Indonesia. The population who at that time was still colonized and then forced
to plant this taro, is not to meet the food needs of the colonized nation, but for
food reserves for the Japanese population in their country, only low quality taro
could be consumed by the Indonesian people. After independence, Japanese
taro was then forgotten, because it was not a staple food for most of the
Indonesian population and the market prospect at that time was unclear, as well
as in its home country, these food-producing plants were also not a priority in
the development of their agriculture. Only in 1980s, the Japanese government
again promoted the cultivation of this commodity after various studies that
proved that Japanese taro could not only be an alternative food that contains
high protein and calories but having low carbohydrate and sugar content, so
that it is safe for the sufferer or those who are potentially diabetic, besides
having benefits other than just as food.
Japanese taro/Satoimo plants are tuber plants that have great potential
for cultivation in Indonesia. Currently, the price of taro tubers is relatively
higher than the price of other types of taro tubers (Taufik, 2015). This is due to
the high utilization of taro tubers in the field of Japanese pharmaceutical and
taro cultivation is still limited so that the taro tubers produced is still small. The
current breeding of jasmine taro is still done vegetatively using tubers. Japanese
taro cultivation on a large scale requires seeds in large quantities so needed an
efficient and simple way in providing taro seeds japan.
Japanese taro can be used as food, animal feed, pharmaceutical industry
raw materials and cosmetics. Taro is a staple food in West Sumatra and West
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Papua, and processed taro flour with a mixture of wheat flour is processed into
baby food (United States), baking (Philippines), bread (Brazil), chips and dodol
(Indonesia) (Lingga et al., 1990). Utilization of taro as the fulfillment of the needs
of the community needs to be balanced with the increase of taro cultivation.
Nationally there is no data on taro production in Indonesia.
The demand for Japanese taro (Satoimo) that is relatively high primarily
from other countries is an export opportunity to Japan. Many demand for
Japanese taro because of the advantages possessed. The aim of this paper is to
provide information on the production, nutritional value and economic analysis
of taro to know the opportunities Japanes taro/satoimo as an export
commodity.
RESULT AND DISCUSSION
Cultivation Technique
Satoimo/Japanese taro cultivation is simple and easy to be practiced
because it is almost suitable in all regions in Indonesia. Satoimo cultivation can
be done in farm, sandy soil or under hading. The location of cultivation greatly
determines the production of Satoimo. The cultivation technique can be
followed as:
1. Land Arrangement (making of bunds ) The length of bunds can be adjusted
to the existing land area, while the width of 120 cm and the height of 15 cm.
making a planting hole with a distance of 60 cm x 40 cm with a diameter of
25 cm and a depth of 15 cm.
2 Fertilized with Manure at the planting hole about 500gr per hole
3. Satoimo that has grown two-leaved and has rooted (healthy condition),
placed on the planting hole with a depth of surface maximum of 10 cm.
Further dumped with soil around the hole and watered.
4. Watering every day morning and evening if needed in accordance with the
condition of soil moisture around the plant.
5. Giving fertilizer back every plant at plant age 1 month after planting
sprinkled 10 cm - 20 cm from the stem of the plant (circular) and immediately
dumped the surrounding land,
6. Cleaning of weeds and ground beds of soil as high as 5 -10 cm from the base
of the stem of the plant itself, also done in case of erosion due to rain.
7. Harvesting can be done 5-6 months after planting.
Productivity of Satoimo
The productivity of satoimo in Playen Subdistrict of Gunungkidul
Regency is highly depend on the soil type. According to Purwaningsih and
Irawati (2103), Satoimo can grow under shading up to 70%. Potential production
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in sandy soil is higher (3.4 kg / m2) than in the farm (2.04 kg / m2) with various
characteristics. Productivity at others province is shown in Table 1.
Table 1.Production and productivity of satoimo commodity of in Kepahiang
Regency of Bengkulu Province in 2013.
Number

1.
2.
3.
4.

Village

Tebat
Monok
Bumi
Sari
Pematang Donok
Suka Sari

Height
(mdpl)

Land area
(Ha)

Product
(kg)

1
0,5
0,5
5

12.400
6.650
7.300
74.500

520
660
780
1.100

Productivity
(kg/Ha)

12.400
13.300
14.600
14.900

Source : Department of Agriculture of Kepahiang Regency, 2013
Production and Productivity of Satoimo Farming During the Planting Season
(6 months) show in the table 2.
Table 2. Production and productivity per ha
Description
Land area (Ha)
Product (Kg) :
a. Every farmer (Kg)
b. Each plant(Kg)

Amount
5,65
81.622

Productivity (Kg/Ha)

361.640

Average
0,23
3.265
3,40
14.466

Dhanty Dwika Amelia and Yossie Yumiati. 2016
Table 2. howed that the cultivation of taro Satoimo in 0.23 hectares can
get a production of 81,622 kg or average of 3,265 kg each farmer with
productivity of 361,640 kg/ha or an average of 14,466 kg/ ha per farmers.
Nutrition Content
The advantages of Japanese taro (Satoimo) than others taro, are
economic value, high nutrient content, and low carbohydrate content.
Compared with other food commodities, satoimo is recommended for diabetics.
Nutritional content of taro tuber jasmine and some other food commodities can
be seen in Table 3. Satoimo contains higher fiber (16.8%) and calorie (92.30%)
compared with others such as potato, rice and wheat.
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Table 3. The nutritional content of japanese taro, potatoes, rice, and wheat.
Typeof Nutrition
Calories (Cal)
Protein (g)
Fat (g)
Carbohydrate
Calsium (mg)
Phosfor (g)
Fiber (CF) %

Satoimo
92,30
2,38
0,17
16,33
9,00
5,00
16,18

Potato
83,00
2,00
0,10
19,00
11,00
56,00
-

Rice
36,00
6,80
0,70
78,90
6,00
140,00
-

Wheat
36,50
8,90
1,30
77,30
16,00
106,00
-

Resource: Seameo Biotrop and Nectar
Based on the results of the research on the nutritional content of
Japanese taro as shown in Table 4. The nutritional content of raw Satoimo,
steamed and boiled is different which is caused by the heating process during
denaturation or damage or deterioration of nutritional content. However,
nutritional content can increase due to the heating process and the addition of
water. The content of vitamin C is quite high in raw of taro, it is very good for
maintaining eye health, repairing skin cell tissue, reducing the risk of heart
disease, and preventing premature aging (as ant aging).
Table 4. Composition of Nutrients Content in 100 grams of Japanese Taro
Komponen
Calorie
Protein
Fat
Carbohydrate
Calsium
Phospor
Iron
Vit. A
Vit. C
Vit. B1
Water
Edible parts

Satuan
Kal
gr
gr
gr
mg
mg
mg
RE
mg
mg
ml
%

Raw Satoimo
98
1,9
0,2
23,7
28,0
61,0
1,0
3,0
4,0
0,13
73,0
85,0

Steamed
120
1,5
0,3
28,2
31,0
63,0
0,7
0
2,0
0,05
69,2
85,0

Boiled
1,17
29,31
0,026
61,0
-

Source : Rawuh, 2008.
According to Purwaningsih and Irawati, (2013), the content of fat and
amylose satoimo / safira flour is 0.56% and,11.10%, respectively. The high
amylose content is very good for the diet, because theoretically high amylose
levels eat high levels of dietary fiber. According to McEwan (2008), Satoimo
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contains several minerals, especially sodium (740 mg / 100g), magnesium (79122 mg / 100g), (3.05 mg / 100g) and iron (2.07 mg / 100g).
Satoimo is a healthy and youthful secret in Japan that contains
hyaluronic acid which is the main ingredient of cartilage joints, which helps
improve the movement of the joints, reduce pain, strengthen connective tissue
and not cause allergies. In addition, hyaluronic-acid is very active in the health
of joints, eyesight, connective tissue (connective-tissue) also accelerate the
process of wound healing and play a role in the formation of collagen
(JETRO.1994)
Hyaluronic acid (HA) as a collagen forming agent is very useful to
reduce wrinkles on the skin surface and simultaneously tighten and maintain
elasticity. Collagen is useful for the body to maintain skin rejuvenation and
camouflage skin wrinkles. Collagen will maintain the elasticity of connective
tissue on the skin so that the skin can contract or expand without damaging any
tissue. With age, the collagen content will decrease so that the softness and
elasticity of the skin is also reduced.
Based on research, at the age of 25 years, the body will start losing
collagen as much as 1.5 percent each year. Therefore collagen plays a very
important for those who are aged over 25 years and above to restore the
elasticity and suppleness of the skin. Collagen is a major protein forming in
body tissues, ranging from skin, hair, nails, bones and teeth are composed of
this one protein (Jetro, 1994).
Especially for the skin, collagen is the most vital element in maintaining
skin regeneration process to stay young. In the absence of adequate collagen, the
skin becomes wrinkled, dry, dull, and rough.
Collagen intake to meet the body's needs often got from foods that
contain lots of protein. But sometimes nutritional intake from food is not
enough to fight the damage and aging of the skin. Because the skin is very
susceptible to damage and damaged skin should be replaced with new skin so
as not dull and dry. One alternative treatment that can help the skin in
minimizing damage is by adding collagen from the outside.
Market Opportunity
Satoimo / safira has a good enough market opportunities for both
domestic and overseas. Satoimo in Indonesia is widely used for food industry,
animal feed and cosmetics. According to Purwaningsih et al. (2014), Satoimo /
Safiran is used to make flour and processed into several types of food such as
cake (brownies) and pastries. Satoimo is also used in the manufacture of
brownies substituted with wheat flour because Satoimo / Safiran flour does not
have gluten content so it needs a flour that has a high gluten content such as
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wheat flour. Substitutes received by consumers are 50% wheat flour and 50%
safira flour.
Almost 50% of Japan's population consume taro as a staple food other
than rice. So Japan's current needs reach ± 360,000 tons per year (Otsubo, 1996),
while production capacity in Japan continues to decline to 250,000 tons per year,
due to limited land and climatic factors that do not allow farming throughout
the year (JETRO, 1994).
Supply shortages of imported satoimo a large part of China, which
reached 55,000-60,000 tons (Japan Imports / Exports). Therefore Japan is still
short of satoimo supply of 40,000 - 45,000 tons per year. Indonesia has the
potential to meet satoimo supply shortages to Japan, as it is an agrarian country
with two seasons that can support agricultural activities throughout the year.
Advantndages of Satoimo
Satoimo fresh is a source of calsium and calories but low carbohydrate
and zero sugar content is therefore well consumed as a diet food and is very
good for diabetics. While Satoimo flour can be used as Jelly or drink for health,
pureed baby food, cake and bread raw materials, mixing the flour as substitute
for potatoes, wheat, pharmacy / drugs as capsules and tablets. Fiber as material
mix of jelly, ice cream biscuit, soup, drink, fibrous pudding and drink for diet
and diabetic.
Farming System Analysis
Farming system is an applied science that discusses or learns how to
make or use resources efficiently in an agricultural enterprise. Farming is also an
organization of nature, work and capital aimed at agricultural production
(Pindrik, 2003). According to Makeham, J.P (1991) farming is a collection of
natural resources contained therein used for agricultural production such as
fertile soil, water, repairs done, sunlight, buildings erected on the land. This is
confirmed by Mubyarto (1989) that farming as a place or part of the earth's
surface where agriculture is organized by a certain farmer as a landowner or a
paid manager.
According to Soekartawi 2006, to determine the farmers income from
satoimo cultivation, simple tabulation analysis can be done, with function as
follows:

π = TR-TC
Where :
π (Revenue) = Farmer net income (Rp / Ut)
TR (Total Revenue) = Total revenue (Rp / Ut)
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TC (Total Cost) = Total Cost (Rp / Ut)
To know whether or not satoimo farming done Return Cost Ratio (R / C ratio)
analysis
1.Production Cost is calculated by the following formula:
C = FC + VC
Where :
C (Cost) = Total Cost (Rp)
VC (Variable Cost) = Variable Cost (Rp / Ut)
FC (Fixed Cost) = Fixed Cost (Rp / Ut)
Acceptance is production multiplied selling price by the formula as follows:
R (Revenue) = Py Revenue (Price) = Selling Price
Y (Product) = Production (Kg / Ut) With the following criteria:
R/C ratio
If R / C ≥ 1, then commodity farming of satoimo economically feasible
cultivated
If R / C <1, then commodity farming of satoimo is economically unfeasible to
cultivated.
Analysis of Farming
The results of the farming analysis show differences in the value of R / C
and B / C in each region. Yogyakarta and other regions have R / C or B / C
values that are not much different.
Table 5. Feasibility of Japanese taro / Satoimo farming in Nglipar, Playen,
Gunungkidul ,Yogyakarta
Description
Cost pertree (Rp)
Production per tree (kg)
Amount of tree population per hectare
Total cost per hectare (Rp)

Amount
2.700
1,5
20.000
2.700 x 20.000 = 54.000.000

Seed`prices

37 % x Rp 54.000.000,19.980.000,
13 % x Rp 54.000.000,7.020.000
3% x Rp 54.000.000,1.620.000
30 % x Rp 54.000.000,16.200.00,
12 % x Rp 54.000.000,6.480.000,Rp.54.000.000

Land rent per season
Labor planting and maintenance per season
Production facilities
Harvest and post harvest
Total cost (A)

160

= Rp
= Rp
= Rp
= Rp
= Rp

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345242

Description
Selling prices per kg
,Production per hectare :
Yield in the form of rupiah (B)

Amount
Rp 4.000
20.000 x 1,5 kg = 30.000 kg
30.000
x
Rp
4.000=Rp
120.000.000
Rp 66.000.000

Income ( B - A )
Feasibility analysis
BEP production
BEP price

54.000.000 : 4.000 = 13.500 kg.
54.000.000 : 30.000 = Rp
1.800,-/kg.
120.000.000 : 54.000.000 = 2,23
66.000.000 : 54.000.000 = 1.23

R/C
B/C

Source: Purwaningsih, H and Irawarti 2013
Analysis of the feasibility of Japanese taro / satoimo business in other areas
during the harvest period of 5-6 months.
Description
Cost production per tree (Rp)
Production per hectare
Price per kg
Revenue per hectare

Amount
Rp. 2.100
30.000 kg
Rp. 4.000
30.000 x 4.000 = Rp. 120.000.000

Cost production per hectare
Net income
BEP Production
BEP Price
R/C
B/C

20.000 X Rp. 2.100 =Rp, 42.000.000
120.000.000 – 42.000.000 = Rp. 78.000.000
42.000.000 : 4.000 X 1 kg = 10.500 kg
42.000.000: 30.000 X Rp. 1 = 1.400/kg
120.000.000 : 42.000.000 = 2,9
78.000.000 : 42.000.000 = 1,9

Source : Website Services Laboratory - Seameo Biotrop, 2008
CONCLUSIONS
Japanese taro is one of alternative foods that contain beneficial nutrients
for human health, and has the opportunity to be developed. R / C ratio of
Japanese taro/ satoimo is 2.23-2.90 that means satoimo is feasible to be cultivated
and provide benefits for farmers. Market opportunities for satoimo are very
promising.
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ABSTRACT
Uncontrolled use of pesticides can cause health problems for farmers. Farmers
can be exposed to pesticides at the time of application, either through the skin, mouth or
nose/breathing. This study aims to determine the association between farmer’s
characteristics and level of knowledge with the level of cholinesterase enzymes in the
sample of blood of farmers in Batu City, East Java. This research was conducted in
January - May 2015. Blood sampling was carried out on 48 farmers in Sumber Brantas
Village, Bumiaji District and 22 farmers in Pendem Village, Junrejo District. The study
used an analytic observational design with a cross sectional approach. Measurement of
cholinesterase enzyme levels in blood samples is carried out with the rapid test kit
(Cholinesterase kit, Tintometer®). The results showed that farmers in Sumber Brantas
Village experienced severe poisoning of 4.2%, moderate poisoning 70.8%, mild
poisoning 22.9%, and non-poisoning 2.1%. None of the farmers from Pendem Village
experienced severe poisoning (0%), 50% of farmers were moderately poisoned, 40.9%
were mild poisoned and 9.1% were not poisoned. Cholinesterase enzyme levels were
positively correlated with farmer age, sex, farmers' last day of contact with pesticides,
distance of houses to agricultural land, and level of knowledge about pesticides, but
negatively correlated with the level of education and nutritional status of farmers. A
good level of knowledge will reduce the risk of pesticide poisoning which is characterized
by high levels of cholinesterase in the blood.
Keywords: correlation, level of knowledge, cholinesterase, farmers

INTRODUCTION
The pattern of pesticide use by farmers tends to be out of control.
Farmers use pesticides not on the basis of indications for pest control, but they
implement a blanket cover system, there are pests or not, plants are still sprayed
with pesticides (Achmadi, 2005). Uncontrolled use of pesticides will result in
health problems for the farmers themselves and the environment. Negative
impacts by agrochemical materials can be classified into two types: (1) impacts
on humans, such as poisoning, including acute and chronic poisoning such as
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carcinogenic, teratogenic and biological enlargement, and (2) environmental
impacts including pollution and ecosystem disturbances (Takagi and Ueji, 1997).
Pesticides, especially from organophosphate groups that enter the
human body affect nerve function by inhibiting the action of cholinesterase, an
essential chemical (enzyme) in delivering impulses along the nerve fibers
(Achmadi, 2005; Syarief, 2007). The level of pesticide poisoning from the
organophosphate group is measured based on the activity of the cholinesterase
in the blood (Dirjen PPM PLP, 1992; Syarief, 2007). Risk factors related to the
incidence of organophosphate pesticide poisoning include age, sex, knowledge,
experience, skills, education, use of Personal Protective Equipment (PPE),
nutritional status and pesticide handling practices. While the critical phase that
must be considered is the way of storing pesticides, how to mix pesticides, how
to use pesticides and handling after the use of pesticides (Achmadi, 2005).
In 2006 an examination of cholinesterase activity was carried out in 550
vegetable farmers located in 7 sub-districts in Magelang District in Central Java.
The results showed 99.8% of the population experienced poisoning with details;
18.2% had severe poisoning; 72.73% experienced moderate poisoning; 8.9%
experienced mild toxicity and only 0.18% are not poisoning (normal)
(Labkesmas Magelang District, 2006; Prihadi, 2008; Priyanto, 2009). Batu City in
East Java has the same characteristics as in Magelang district where many
farmers cultivate vegetables and fruits.
This study aims to determine the association between farmer’s
characteristics and level of knowledge with the level of cholinesterase enzymes
in the sample of blood of farmers in Batu City, East Java. Another goal is to
determine the correlation between farmers characteristics and level of
knowledge with the risk of pesticide poisoning to farmers.
MATERIALS AND METHODS
The cross-sectional study was used as the research design of this study.
This method is to find out the exposure risk factors and the impacts generated
through measurement at the same time (Sastroasmoro, 2002; Bachtiar, 2000). The
study areas (Sumber Brantas village, Bumiaji District and Pendem village,
Junrejo District, The city of Batu, East Java province) were purposively selected
because there were mainly agricultural in the city of Batu. The simple random
sampling was done to get 70 participants. Inclusion criteria were farmers, both
male and female, aged more than 18, the level of hemoglobin ≥ 12 g/dL. Those
with a history of liver failure, malnutrition, cardiovascular disease, taking antimalarial drugs, taking amphetamine (Wilaiwan et al., 2015), suffer from diabetes
mellitus, chronic kidney disease, tuberculosis, glaucoma, and not in
physiostigma treatment (Bachtiar, 2000), were excluded.
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The materials used are questionnaire forms and reagents for
examination of blood cholinesterase levels consisting of: 0.112 g Bromine
Thymol Blue (BTB) as indicator solution, 250 ml aquadestilata (CO2 free) and
0.25 g Acetylcholine Perchlorate (ACP). The tools used are stationery, measuring
height, scales, sphygmomometer, a set of cholinesterase test kits (Tintometer®
Kit).
Blood sampling and measurement of cholinesterase levels
Analysis of cholinesterase levels is carried out quickly, immediately after
taking blood samples from farmers. Blood sampling was carried out by officers
from the Batu City Health Office in Sumber Brantas Village, Bumiaji District and
Pendem Village, Junrejo District. Farmers who are the subject must have the
inclusion as follows: farmers must do pesticide spraying activities, Blood
sampling methods follow the procedures established by the Indonesian Ministry
of Health.
Measurement of cholinesterase levels in blood samples is done with
Cholinesterase kit (Tintometer®). This tool measures cholinesterase activity in
the blood through a complete blood test or separately (red blood and plasma).
WHO (1996) determined the threshold value of insecticide poisoning is the
value of cholinesterase activity in blood grains reaching ≥ 70% and in plasma ≥
60% of normal values. The procedure for measuring cholinesterase levels
consists of 3 stages, 1) blood blanks preparation, 2) determination of reaction
time (time zero and match), and 3) blood samples test.
Preparation of blood blank begins with taking 0.01 mL of control person
blood into a test tube containing 1.0 mL of aquadest (free CO2). Then the
solution was transferred to a 2.5 ml cuvet and 1 sample blood test. The reaction
time (time zero and match) was determined by entering 0.01 mL of control
person blood into the test tube which contained 0.5 mL BTB solution. A blood
solution is added with 0.5 ml of ACP solution into the tube and simultaneously
press the start button on "stop watch" which is then called zerro time. The
solution is shaken until it dissolves and quickly pours to the cuvet and place it
on the right comparator. Changes in the color of the solution are observed while
rotating the disc until the result matches the standard color of 100%. The time
obtained (match) is recorded, usually around 20-30 minutes depending on the
local temperature. The time obtained is used for the standard "sample" blood
reading time. Cholesteresterase levels were tested by inserting 0.01 mL of the
farmers' blood sample into a tube containing 0.5 mL of indicator solution (BTB).
Then add 0.5 mL of ACP solution to the tube and shake until dissolved. The
solution is transferred immediately to the cuvet and put into the right
comparator. The reading of the results is in accordance with the match time.
166

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345243

Data of farmers Characteristic and level of knowledge were taken by
questionnaire method. The principal researcher assessed the subjects by face to
face. Questionnaire consisted of two parts; part 1: obtain general information
and part 2: obtain level of knowledge information about pesticides. General
information include identity (name, age, sex, address), level of education,
nutritional status (height and weight), last day of contact with pesticides,
distance between house and agricultural land. The level of knowledge
information about pesticides include the type, how to mix, how to store, and
how to handle after application on the land). Scorring method was carried out to
measure Characteristic and level of knowledge of pesticide from the
representative farmers.
Data analysis
The level of pesticide poisoning is determined based on cholinesterase
levels. If the cholinesterase level is 75%-100% in the normal category (no
poisoning), cholinesterase levels are 50%-<75% including mild poisoning, 25%<50% including moderate poisoning, and 0%-<25 % is categorized as heavy
poisoning (Director General of PPM PLP, 1992; Syarief, 2007). Correlation
between farmer characteristics and cholinesterase levels in farmer blood was
analyzed using Pearson correlation coefficient test.
RESULTS AND DISCUSSION
There are two criteria for farmers who are taken for blood samples,
namely farmers in Sumber Brantas Village and farmers in Pendem Village.
Farmers in Sumber Brantas village are vegetable farmers who use pesticides
intensively, while farmers in Pendem village are rice farmers who have
implemented semi / organic farming systems. Characteristics of farmers from
the two villages have differences in age group, level of education, nutritional
status and the last time contact with pesticides (Table 1).
Farmers can be exposed to pesticides at the time of application, either
through the skin, mouth or nose / breathing. The active ingredients of pesticides
that enter the human body will accumulate in the blood. If the concentration of a
pesticide compound exceeds the maximum limit, it will cause metabolic
disturbances. Pesticides can enter the human body because many factors include
human negligence such as does not use safety equipment while working. These
negligence can occur due to lack of knowledge about pesticides include how to
store, how to apply, how to mix and handle post-application of pesticides. The
results showed that farmers in Sumber Brantas and Pendem villages had a low
level of knowledge about pesticides (scorring < 30), except in the knowledge of
how to store pesticides (scoring > 17) (Table 2). Prihadi (2008) states that farmers
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who have a low level of knowledge will have a risk of poisoning by 4.27 times
compared to farmers who have good knowledge.
Table 1. Characteristics of farmers
No Parameter

Sumber
Brantas village
(n=48)

Pendem
village (n=22)
%

1
2
3

Sex
Age group
Level of education

4

Nutritional status

5

The last time
contact with
pesticides
Home distance from
agricultural land

6

male

70.8

81.8

female

29.2

young (≤ 39 y)

35.4

9.1

old (> 39 y)

64.6

90.9

no school

2.1

13.6

not graduated from
elementary school
elementary school

14.6

22.7

16.7

36.4

junior high school

31.3

13.6

senior high school

31.3

13.6

university

4.2

0.0

good

62.5

50.0

lack

37.5

50.0

1 – 14 days

83.3

18.2

more than 14 days

16.7

81.8

1 – 1000 m

75.0

72.7

More than 1000 m

25.0

27.3

18.2

Table 2. Level of knowledge about Pesticides
No

Sumber Brantas
village (n=48)

Parameter

Pendem village
(n=22)
(%)

1

Pesticide

2

How to store

3

How to mix

4

How to apply

5

How to handle postapplication

168

good
lack
good
lack
good
lack
good
lack
good
lack

8.3
91.7
75.0
25.0
0.0
100.0
29.2
70.8
8.3
91.7

4.5
95.5
54.5
45.5
0.0
100.0
36.4
63.6
0.0
100.0
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Pesticides enter the body through various methods, including through
penetration of skin pores (90%) and through inhalation, digestion or other
(10%). Therefore, the best way to prevent poisoning is to avoid direct contact
and provide protection for body parts from pesticide exposure. The results of
measurements of cholinesterase levels in farmers' blood showed that farmers
who were intensive in using pesticides in Sumber Brantas village experienced
higher levels of poisoning than in Pendem Village (Figure 1). The absence of
heavily poisoned farmers in Pendem village due to the past three years many
farmers have begun to reduce the use of chemical pesticides and conduct semiorganic farming systems.

% farmer of
respondent

Sumber Brantas (n=48)

Pendem (n=24)

80
60
40
20
0
Normal (no
poisoning)

mild
poisoning

moderate
poisoning

heavy
poisoning

Level of poisoning

Figure 3. Level of pesticide poisoning based on Cholinesterase levels in the
blood of farmers
Cholinesterase levels were positively correlated with farmer age, sex,
farmers' last day of contact with pesticides, distance of houses to agricultural
land, and level of knowledge about pesticides, and negatively correlated with
the level of education and nutritional status of farmers (Table 3).
The age of the farmer influences the level of cholinesterase concentration
in the blood associated with the length of time the farmer works with pesticides
during the cultivation process. The older the farmer, the longer working time
with pesticides, which leads to lower cholinesterase levels in the blood as an
indication of poisoning. Women tend to have higher cholinesterase levels than
men. The last day of the farmer's contact with pesticides also had a significant
effect, the shorter the time between the last day of contact with pesticides and
the examination caused a low level of cholinesterase in the blood. The distance
of the house is also influential because the pesticide compounds are volatile so
that when spraying, pesticide compounds can move in the air, so that when
spraying must consider the direction of the wind gusts. A good level of
knowledge will reduce the risk of pesticide poisoning which is characterized by
high levels of cholinesterase in the blood. Education level and nutritional status
are negatively correlated with cholinesterase levels in the blood of farmers.
169

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345243

Table 3. Matrix Correlation of cholinesterase levels with characteristics of
farmers and level of knowledge about pesticides

Parameter

Level of cholinesterase
age

Level
of
cholinesteras
e

Age

sex

Level
of
educa
tion

Nutriti
onal
status

1.0000

0.1770

0.08
80
0.00
22
1.00
00

0.0310
0.3770
0.1634
1.0000

sex
Level of education
Nutritional status
Last time contact with
pesticides
Home distance from
field
Level of knowledge
about pesticides

1.0000

Home
distan
ce
from
field

Level of
knowled
ge about
pesticide
s

-0.2419*

Last
time
contact
with
pestici
des
0.3069**

0.0755

0.0955

0.0105

0.3895

0.0133

-0.1503

-0.1432

0.2782

-0.1503

0.0214

-0.2086

1.0000

-0.0885
1.0000

0.1924
0.0696
0.0888
0.0391
1.0000

0.0513

-0.0377
0.0070
-0.2259

1.0000

N=70; t0,05=0,232; t0,01=0,302
CONCLUSIONS
This study resulted that farmers in Batu city, East Java province
experienced severe poisoning of 2,88%, moderate poisoning 64,26%, mild
poisoning 28,56%, and non-poisoning 4,30%. Cholinesterase enzyme levels were
positively correlated with farmer age, farmers' last day of contact with
pesticides, distance of houses to agricultural land, and level of knowledge about
pesticides, but negatively correlated with the level of education and nutritional
status of farmers.
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ABSTRACT
Rice-fish-integrated rice and fish cultivation is an alternative to optimize
farmers' income. Farmers in DIY cultivate usually only irrigated rice and limited in
rainfed field agro-ecosystem in relation to this, a trial of the location-specific rice-fish
technology was conducted. This study aims to determine the income and feasibility of
rice-fish business by comparing 3 (three) technology packages: 1) rice-fish, variety of
Inpari-30, path-row planting system of 2: 1, recommended fertilizer for soil and catfish,
2) rice -fish, Ciherang variety, path-row planting system of 2: 1, recommended fertilizer
for red tilapia, 3) existing pattern (monoculture). This research was carried out in
rainfed lowland on March-July 2017 in the Nglanggeran Agro Techno Park area, Patuk
Gunungkidul. The results showed that the best rice production was reached in the first
package of rice-fish with Inpari 30 productivity of 7.85 t/ha harvest dry, followed by the
second package with Ciherang productivity of 6.98 and package 3 (the existing pattern)
of 5.92 t/ha harvest dry. Based on the net income of rice technology, package 1 and 2 was
IDR 32,272,400 and IDR 30,957,400 compared to the existing pattern of equal to IDR
11.589.000. Based on the financial analysis showed that technology packages 1 and 2
were feasible with a ratio of RC> 1.0 (2.17 and 2.10, respectively) with an increase in
income between 60.35 – 64.09 percent compared to the monoculture pattern. It was
concluded that the rice-fishrice-fish model with the enlargement pattern of catfish and
red tilapia package 1 and 2 is feasible to be developed in rainfed lowland in Gunungkidul
Regency, Yogyakarta and can be used as an alternative income optimization
Keywords: Rice-fish new rice varieties, rainfed lowland, yield, feasibility
INTRODUCTION
The integrated fish and rice cultivation model is an alternative
technology to solves problems in increasing income and maintaining rice
productivity in the rice fields. The principle of rice-fish patternutilizes rice fields
when puddles are long enough to be used for fish rearing without reducing the
total grain harvested later. The rice-fish can be applied when the water is
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available and excessive and has good quality for fish to grow (Widodo et al.,
2014).
The implementation of rice-fish technology is still limited in in the field,
but is growing quite rapidly in Sleman Regency, DIY. Rice-fish is locationspecific depending on the problems that will be addressed (demand driven
technologies). According to Widodo et al., (2015), rice crop management with
rice-fish cultivation system is an innovative approach in efforts to increase
productivity and efficiency in the cost of rice plants, because it is more
economical in the use of rice production costs (production, energy), but
expensive in the provision of fish and costs feed. According to Ardiwinata
(1987), rice-fishrice-fish was developed a century ago, but now has long been
abandoned. Instead the rice-fish model is growing rapidly in Sleman Regency,
Yogyakarta (Department of Agriculture and Food, Regency of Sleman, 2017).
According to Suriapermana (1994),rice-fish is one of the efforts to
optimize technical irrigated rice fields with appropriate engineering technology
specific locations in rice fields. According to Tupan et al., (2013), another benefit
in the rice-fish pattern in paddy fields is to increase soil fertility, reduce pests
and diseases in rice plants. Many technologies that have been tested on
agricultural land to improve the quality of the environment in anticipating
climate anomalies, the good technology is integrated rice-fish. Rice-fish has been
developed in Indonesia since a century ago. Rice-fish partly contributes to
reducing emissions of methane gas (CH4) and fertilizing the land from fish dung
which helps accelerate environmental improvement (Director General of
Aquaculture, 2014).
Rice-fish farming can be functioned as follows: (1) as an converser
between two rice growing seasons, or together or fish cultivation with rice, and
(2) as a substitute for crops in rice fields (Director General of Aquaculture, 2014)
The types of fish used for the appropriate oil and gas business are red tilapia,
gold fish, grey tilapia, and carp, and some also with carp and catfish
(Department Marine and Fisheries Of Yogyakarta. 2014, 2015; Widodo et al.,
2015). These types of fish can grow well even in shallow water and are more
resistant to sunlight. Rice-fish uses tilapia in rice fields and increasing rice
production by 17.05% (30.245 kg/plot), as well as an increase in soil fertility due
to the addition of nutrients derived from fish feed and feces containing basic
elements of N, P, Ca and Mg (Kaimuddin et al., 2008). This is supported by the
results of Fagi et al., (1992), with the rice-fish model and azolla in a stretch can
increase soil fertility, control rice weeds and pests and increase rice yield.
The Rice-fish model has a direct impact on the chemical and physical
conditions of the land, thus increasing productivity of agricultural land, and
reducing the attack of pests and diseases of rice plants. In the biological aspect,
the presence of fish will suppress the development of rice plant pests including
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golden snails, leafhoppers, stem borer, fish cyclically eat eggs and plant pest
larvae whose growth phase is in water. In terms of economics, the Ricefishbusiness provides multiple benefits, namely from the yields of rice and fish.
According to Syamsiah et al., (1988), with rice-fishin addition to providing
carbohydrate food, it also provides good protein to improve food quality for
rural residents.
Rice-fish business problems in Yogyakarta are limited in capital and
technology. Limited land and ownership of irrigated rice fields in Yogyakarta,
the best way is to optimize the land by utilizing the land as optimal as possible
for business that provide benefits. If only relying on rice yields with narrow
land, the income obtained is limited and difficult to meet the standard of living
of farmers. Efforts to increase this income are encouraging Yogyakarta farmers
to apply rice-fish model. Since 2014 there are507 fish farmer groups in Sleman
Regency (www.sleman.go.id). Based on 2013 data, fish consumption reached
25,883 tons and 947 million fish seeds (Department Marine and Fisheries Of
Yogyakarta. 2014).
Based on a research conducted by the Directorate General of
Aquaculture in 2011, integrated rice-fish can increase farmers' income in the
form of production increase of 10 percent, increase the diversity of agricultural
products in the form of fish, increase soil and water fertility, saving fertilizer
requirement of 30%, and reduce pests of leafhopper and brown planters on rice
plants(Widodo et al., 2014; Widodo, 2017). Rice-fish is considered as one of the
solutions in dealing with the low productivity due to extreme weather.The Ricefish model enriches the growing media with organic fertilizer and increases the
production of plankton as a source of fish food, and contribute fish to this
integrated farming business (Simanjuntak 2013). According to Montazeri 2012 in
Kustiari et al., (2016), rice-fish model is one of the agricultural land technologies
to improve the environmentalquality in anticipating climate anomalies
According to the experience of Mr. Timbul in Sleman District, ricefishgives a double profit of grain and red tilapia between IDR 2,500,000, - up to
3,050,000 per 1,000 m2(personal interviews in 2016 and 2017). The results of
Rahma (2008) who compares between rice-fish and monoculture showed that
the rice-fish pattern gave higher acceptance than the monoculture pattern,
namely 1) the total revenue of rice-fish farming combined by two commodities
namely rice and fish amounting to IDR 9,835,779.80 per hawhile the
monoculture pattern is IDR 7,941,238.13 per ha. It was also said that the income
function of rice-fishsuch as the variable amount of rice production, rice
production costs and fish production costs had a significant effect on the income
of rice-fish. Based on the potential of extensive rainfed rice fields in the
Agrotechnopark region and the availability of sufficient water from the results
of groundwater drilling and several natural spring sources in the Purba Volcano
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area, the application of rice-fish can be carried out so as to provide added value
to farmers in Agrotechnopark area, Gunungkidul Regency is overweight. With
utilizing some technologies such as high yielding variety, path-row planting
system, site-specific fertilization and water pumping, the rice-fish system can be
pioneered to be developed in dry land/rainfed rice fields. This study aims to
determine the income and feasibility of rice mina technology.
MATERIALS AND METHODS
The study was carried out in rainfed rice fields, Nglanggeran
Agrotechnopark area, Gunungkidul Regency, Yogyakarta province in March July 2017. The study compared 3 (three) technology packages, namely two ricefishtechnological packages and 1 existing technological package. Both rice-fish
technology packages was applied in each with an area of 1,500 m2, while the IR
64 variety was an existing pattern with an average area of 1,500 m2 (covers 4
farmers). Rice-fish pattern used path-row planting system of 2: 1 (spacing of 25
cm x12.5 cm x50 cm). Fertilizer dosage was based on recommendation from soil
nutrients analysis, namely 200 kg urea, 250 kg phonska, 50 kg KCl, and 3.0 tons
manure per ha. The manure was applied once three days before planting, while
urea was split 3 times, phonska and KCl twice with a dose of ½ dose. Urea
fertilizer was applied at 7 days after planting, 21 days after planting and 35 days
after planting, while phonska and KCl were applied at 7 days after planting and
21 after planting.
Fish used for assessment are catfish and red tilapia specifically for
enlargement patterns, with 5-7 cm stocking size. The 2: 1 planting system was
used for rice-fish technology packages which combined with shallow trenches
and a center with a width of 0.80 m. Grinding of water for rice-fish is adjusted to
the age of the plant. In this study the enlargement of fish was maintained until
harvesting time of rice plants (70 days). Details in the layout are presented in
Table 1.
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Table 1. The rice mina technology package is applied
Component

Technology package
Rice mina A

Technology package
Rice mina B

Farmers
(Eksisting)

Varieties

Inpari 30

Ciherang

IR 64

Seedling age

16-17 days

16-17 days

21 days

Number of seed per 1-2
hole

1-2

3-5

Manure

3,0 t/ha

3,0 t/ha

1 t/ha

Urea

200 kg/ha

200 kg/ha

300 kg/ha

Phonska

250 kg/ha

250 kg/ha

275 kg/ha

KCl

50 kg/ha

50 kg/ha

-

CaCo3 (calsite)

300 kg/ha

300 kg/ha

-

Cropping system

Jarwo 2: 1, inserted,
spacing 25x12,5x50 cm;
every 20 rows of plants in
rows of plants 21 and 22
plants are removed to
ditch 0.8 m

Jarwo 2: 1, inserted, Tegel 20 x 20
spacing 25x12,5x50 cm; cm
every 20 rows of plants in
rows of plants 21 and 22
plants are removed to
ditch 0.8 m

Pattern

Rice mina

Rice mina

Monoculture

Fertilization

3x

3x

2x

Fish type

Lele sp

Red Nila sp

-

Irrigation

Regulated inundation 12 Regulated inundation 12 Farmer
days after planting
days after planting
practices

Use of pesticides

limited

Harvest fish

Maintenance of fish for 70 Maintenance of fish for 75 days until the age of rice days until the age of rice
harvest
harvest

limited

Farmer
practices

Types of fish and Lele sp 20 kg 5-7 cm size; Red Nila sp
spreads
130 tail/kg
28 kg, 7 cm size ) ; 120
tail/kg
Water resources

shallow well wit pomp, shallow well wit pomp, Rain water
rain water
rain water

The variables observed were (1) the yield of harvested unhulled rice per
plot weighed in gray (2.5 m x 2.5 m) as many as 10 samples per plot, then
converted to hectares; (2) The age of the plant that calculated from the spread of
seeds until harvesting time, (3) the results of the fish harvested until
enlargement for 70 days begins to spread the fish after 30 days old rice plant
growth.
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The data collected included: rice yield componentswhich were
traditionally converted into hectares, consumption fish production (4-5 tails/kg
red tilapia; 6-7 tails/kg catfish), farming costs (land, labor, production facilities),
acceptance, profit, and equipped with a feasibility analysis of the technology
applied by comparing the existing monoculture pattern. The analysis details
used are as follows:
1. Income
I = y x p ……………………………………………………………………………..(1)
Where: y = production; p = price
2. Production Cost Analysis
Production costs can be calculated by the formula:
Total Cost (TC) = Fixed Cost (TFC) + Variable Cost (TVC) ………………...……(2)
Where:
TC = Total Cost; TFC = Total Fixed Cost (fixed costs); TVC = Total Variable Cost
(variable cost)
3. Income Analysis
TR = Py. Y ……………………………………………………………………………..(3)
Where:
TR = Total Revenue (IDR)
Py = Price of Rice or fish (IDR/kg)
Y = Production of rice and or fish (IDR/kg)
NR = Net Income (IDR/kg)
4. Net income
NR = TR – Tceks ………..................................………………………………………(4)
Where:
NR = Net Income (IDR/kg)
TR = Total Revenue (Rp)
TCeks = Total Real Costs Issued (Rp)
5. Profit Approach
π
=
TR
(TC
explicit
+
TC
implicit)
………………...........................………………(5)
Where:
π = Profit (Profit); TR = Total Revenue (Total Revenue); TC = Total Cost (Total
Cost)
6. Farming Feasibility Analysis
R / C ratio = TR / TC ……………............................…………………………………(6)
Where:
TR = Total gross income; TC = Total Cost
7. Revenue Cost ratio (R / C)
R / C Ratio =
Description of the analysis formula for Revenue Cost Ratio or R / C Ratio above:
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R: Total acceptance of the rice-fish business
C: Total production costs of rice-fish business
Criteria information from the Revenue Cost Ratio analysis formula as follows:
a) R / C Ratio> 1, meaning that the effort is feasible
b) R / C Ratio <1, means that the effort is not feasible
RESULTS AND DISCUSSION
Location and Characterization
Based on the geographical area and location, the study is located at
coordinates 7 ° 50'26.052 " S and 110 ° 32'41,964 E with altitude about 400 m
above sea level. The average of air temperature is 23.2-27.0 0C and humidity is
79-89 %, rainfall of 3,400.60 mm/year, 210 days in rainy season per year, and
including climate type CB rather wet, location map is presented in Figure 1.

The study area is dominated by rainfed rice fields. The general cropping
pattern is rice-rice-secondary crops or fallow. The dominant rice varieties are
Ciherang and IR 64 and some local varieties. The majority of jobs are farmers,
owners and cultivators and gardening with cocoa cultivation. Productivity of
rainfed lowland rice ranges 4.00 to 5.90 t/ha. Most farmers utilize rainfed
lowland for planting in WS and second cropping season with additional water
supply from the spring source from “Purba” Volcano and drilling groundwater
with depths between 20 to 50 m. Field observations for every single point of
groundwater drilling can be used to irrigate about 5.00 ha of land, this is
especially used in 2nd cropping season, namely March to July with a bi-weekly
rotation system. In this case study for an area of about 10.00 ha, a plot of rainfed
rice fields, in addition to utilizing rain, pump wells also utilize springs even
though with a small discharge but able to meet the needs of rice plants in 2 nd
cropping season.
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Rice varieties are one of the technological components that contribute
greatly in increasing productivity and income of rice farming and dry land agroecosystem. Other technology components are the management and maintenance
of good crop cultivation (cropping systems, balanced fertilization) that will
provide normal plant growth and development so that produces optimal
production according to expectations. Rice-fishtechnology also apply some
components of integrated crop management, namely using young seedlings,
planting 1-2 seeds per hole and combined with a 2: 1 path-row planting system
which is inserted so that the number of plants is 256,000 hills/ha. With the pathrow planting system, a maximum radiation is obtained for plant growth, the
row of plants is morelooses for the movement of fish so that the growth of fish is
maximal.
Rice Crop Performance
Based on the age of harvest, the result of the operation of the ricefishbusiness and monoculture rice farming is presented in Table 2.
Table 2. Harvesting age, grain yield based dry harvest the area Agricultural
Technology Park at Nglanggeran Gunungkidul, Yogyakarta, 2 nd
cropping season of 2017
Models
Technology Package
Rice-fish
A (Inpari-30)
Rice-fish
B (Ciherang)
Monoculture C (existing/ IR 64)
Source: Analysis of primary data (2017)

Harvest (days)
122
117
117

Grains Yield (t/ha)
7.85
6.98
5.92

In Table 2, model of rice-fish with Inpari 30 variety yields 7.85 t/ha based
dry harvest that higher than rice-fish with Ciherang variety (6.98 t/ha) and the
existing pattern using the IR 64 variety (5.92 t/ha). This difference means Inpari
30 has more adaptive and has the ability to stagnate for a long time and
provides better yield potential compared to Ciherang and IR 64 varieties. This is
in line with the results of Widodo's research (2017) in the development of ricefish with path-row planting system in irrigated rice fields, the productivity of
Inpari 30 (Ciherang Sub-1) was 8.60 tons ha based dry harvest, while the
existing variety (IR 64) only produced 5.95 t/ha. This means that rice-fish pattern
rice productivity in rainfed lowland is not much different from irrigated rice
fields, with the prerequisites for applied technology packages in accordance
with the accuracy of planting time, fertilizer dosage and 2:1 path-row planting
system. In addition to the reference that the development of the rice-fish model
in the rainfed lowland was carried out on site-specific conditions from the
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engineering technology supported by the presence of water supplies from bore
wells/other spring sources. What should be noted is the striking difference
between rice-fish in irrigated rice fields and rainfed lowland is the
capacity/spread of fish. For the spread of fish, rice can be denser than rainfed
rice fields.
Based on the fertilizer used by rice-fish and monoculture rice, the use in
the technology package is slightly lower in dosage. Chemical fertilizer business
in rice-fish is given 2/3 s of recommended dose for dry land in Gunungkidul
Regency (Department Agriculture and Food of Gunungkidul, 2016). Decreasing
chemical fertilizers use for rice-fish technology packages has still yielded grains
of 6.00 tons/ha shows that the use of manure and fish waste residue as a supply
of organic material is quite good for efficiency in the use of chemical fertilizers.
The rice-fish model of the utilization of organic material from manure is
absolutely necessary, in addition to functioning as an improvement in soil
physical and chemical properties, the use of organic materials also optimizes
soil nutrient uptake for plants. Another benefit is the use of manure in the ricefish pattern as a natural food source because it is able to provide fish feed from
the growth of plankton which is a natural food for fish. The results of the
research by Rustati and Abdulrachman (2011), by optimizing the correct dosage
and method of fertilization giving the grain yield and Inpari 30 can still be
improved. Increased grain production can be done by applying some
components of integrated crop management, namely the use of young seeds and
seeds planted by 1 seed per hole.
Simarmata 2006 reported that the more number of seeds planted per
hole and the less number of unproductive tillers would be more number of
productive tillers, because there was no competition among tillers in the supply
of nutrients, This is confirmed by Suriapermana and Syamsiah (1995) that the
rice-fish model provides a double advantage of increasing rice production and
increasing fish income and saving labor costs for land processing, weeding
plants and reducing the cost of chemical fertilizers and pesticides. This results
are in line with the results of Sudiarta et al., (2016), that rice-fish model with 2: 1
path-row planting system gave best plant height at 60 days after transplanting,
panicle length, panicle weight, grains weight, and addition of fish as well as
feasible with R/C and B/C ratio> 1.0. This rice-fish was strengthened by the
results of the research by Widodo (2017) that rice-fish model in irrigated rice
fields using Inpari-30 can yield 8.0-8.90 t/ha based dry harvest and also
provided a profit of IDR 35,845,000.- per ha with a R/C ratio of 2.40.
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Cost, Acceptance, Profit and Financial Feasibility
Costs incurred in farming consist of land rent, labor and production
facilities. In this analysis all cost factors are considered (explicit costs) to test the
feasibility of the business carried out. Business cost component of rice-fish is
different from the existing/monoculture pattern. The addition of technology
package costs to the components cover water pump and its supporters, fish
seeds, fish feed, plastic, trenches, plastic mulch, fuel and others. Based on the
production input cost per hectare, the technology package on the A and B banks
(land, labor and production facilities) is IDR 27,608,600- and IDR 28,019,400
while the existing/monoculture production costs are lower than IDR 11,795,000
per ha(Table 3).
Revenue is gross income before deducting costs, the results of the
application of the rice-fish technology package with Inpari-30 variety after being
reduced by a 20% reduction in land area from the use of rice-fish technology for
fish enlargement resulted revenue from grain of IDR 24,806,000 per ha. This is in
line with the results of Widodo (2017) that application of rice-fish 2: 1 path-row
system reduces harvest area by an average of 20% that used for making trenches
around the land, and between rows of plants for fish movement. While the fish
yield with the technology package on the revenue of catfish is IDR 35,075,000with
fish production of 1,525 kg with a selling price per kg of IDR 23,000. Based on ricefish technology which is stated in first package, the total income of grain and fish
is IDR 59,881,000 per ha. While the rice-fish technology in 2ndpackage which uses
Ciherang and red tilapia varieties can result, revenue from grain sales of IDR
22,056,800 per ha and red tilapia IDR 36,920,000 per ha resulting in total income of
IDR 58,976,800 per ha. Detailed analysis is presented in Table 3.
The acceptance of technology package A is more than 1.51% greater than
that of technology package B. The revenue component of fish is greater than the
revenue from rice harvest. Based on data analysis, the acceptance of fish and grain
products by applying the technology on the package A and B ranges 29.28-40.26%
which is higher than the fish receipt compared to the income from grain. While
the total technology revenue in the US was 60.35 - 64.09%,that higher than the
existing technology package/monoculture. From the revenue obtained, the ricefish technology package is higher than the existential/monoculture pattern. There
is a greater income from fish in the rice-fish model. This is in line with the
research of Feri-Arlius and Ekaputra (2011) that SRI system can increase rice
production from 4.86 t/ha in the conventional practices to 7.80 t/ha with the SRI
system and an increase in total income by 46% compared to conventional systems.
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Table 3. Results of financial analysis and business feasibility of rice-fish model in
Nglanggeran Agrotechnopark, Gunungkidul, Yogyakarta. March-July 2017
(in 10,000 m)
ITEMS
A

B

C

Rice mina technology

Existing

Fix cot

A
3,625.000

B
3.625.000

C
3.000.000

Land rent of 1 ha/year @ ID 6,000,000/2 MT,
water pump, etc

3,000,000

3,000,000

3,000,000

Labor costs

9.300.000

9.300.000

6.150.000

Preparation of land until ready for planting,
seedling

2,850,000

2.850.000

1,850,000

Planting and making caren beds, embroidery

2,000,000

2,000,000

425,000

Weeding and cleaning waled

1.500.000

1.500.000

1.950.000

Harvesting fish and rice and processing

1,250,000

1,750,000

1,750,000

Watering and controlling well/drill/source water

625,000

625,000

Plastic installation and compaction

250,000

250,000

Rice seeds, manure 100 zak

1.000.000

1.000.000

725.000

Urea, phonska dan KCl fertilizer

1,475,000

1,475,000

1,600,000

Variable cost

Nila sp fish 200 kg @ IDR 28.000

5,600,000

0

Lele sp fish 200kg @ IDR 24.000

4,800,000

0

0

Pelet 14,80 zak (Lele sp), 15,80 zak (Nila)

4,503,600

4,114,400

0

750.000
2.155.000
27,608,600

750.000
2.155.000
28,019,400

320.000
0
11,795,000

D

Probiotik, calcite and pesticide
Plastic 10 roll (economis 2 year old) oil 120 lt
Total Cost (A+B+C)

E

Income
1.Consumtion Nila fish 1.420 kg @ IDR 26.000

36,920,000

0,00

2.Consumption Lele fish 1.525 kg @ IDR
23.000
35,075,000
3. Inpari-30 7.85 t GKP @ 3.950,(CV 20%)

24,806,000

4. Ciherang 6,98 t GKP @ 3950, (CV 20%)

0,00
22,056,800

5. IR 64 5,92 t GKP @ 3.950
Total Income

59,881,000

58,976,800

23,384,000

Profit (Tot E - Tot D)

32,272,400

30,957,400

11,589,000

RC ratio (Tot Incomes/Tot Cost)

2.17

2.10

1.98

% Increase in receipt of Package A against
Existing

60.95

60.35

0

% Increased receipt of package B to existing

64.09

62.56

0

29.28

40.26

% acceptance of fish compared to grain
Source: Analysis of primary data (2017)
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Based on profit (net income), a reduction between the total revenue and
total costs, the net technology gain of both A and B per hectare was IDR
32,272,400 and IDR 30,057,400,respectively - much higher than the package C
(pattern monoculture) which is IDR 11,589,000 per ha. This is due to net income
from fish in the rice-fish pattern. The added value of technology fish income on
the A and B that compared to the monoculture pattern per hectare is IDR
35,075,000. If including fish component cost with amount of IDR 12,833,600
(catfish) and IDR 13,244,400 (red tilapia), there will be only IDR 22,241,400 and
IDR 23,675,600 in net income from fish, or there will be an increase in income from
fish of 31.08%and 23.52%, respectively.
The acceptance of technology package A is more than 1.51% greater than
that of technology package B. The revenue component of fish is greater than the
revenue from rice harvest. Based on data analysis, the acceptance of fish and
grain products by applying the technology on the package A and B ranges
29.28-40.26% which is higher than the fish receipt compared to the income from
grain. While the total technology revenue in the US was 60.35 - 64.09%,that
higher than the existing technology package/monoculture. From the revenue
obtained, the rice-fish technology package is higher than the
existential/monoculture pattern. There is a greater income from fish in the ricefish model. This is in line with the research of Feri-Arlius and Ekaputra (2011)
that SRI system can increase rice production from 4.86 t/ha in the conventional
practices to 7.80 t/ha with the SRI system and an increase in total income by 46%
compared to conventional systems.
Based on profit (net income), a reduction between the total revenue and
total costs, the net technology gain of both A and B per hectare was IDR
32,272,400 and IDR 30,057,400,respectively - much higher than the package C
(pattern monoculture) which is IDR 11,589,000 per ha. This is due to net income
from fish in the rice-fish pattern. The added value of technology fish income on
the A and B that compared to the monoculture pattern per hectare is IDR
35,075,000. If including fish component cost with amount of IDR 12,833,600
(catfish) and IDR 13,244,400 (red tilapia), there will be only IDR 22,241,400 and
IDR 23,675,600 in net income from fish, or there will be an increase in income
from fish of 31.08%and 23.52%, respectively.
Based on the feasibility of the business with the approach value ratio
revenue cost (RC), the three patterns tested in all feasible with the indicator
value ratio revenue cost are above 1.0 (Gittinger, 1986), namely for package of A,
B and C patterns with values of R/C ratio of 2.17; 2.10 and 1.98, respectively.
Package A is the highest feasibility value that consist s of rice-fishwith Inpari-30
variety and catfish. Although in terms of business feasibility the monoculture
system is feasible, but in terms of low net income, IDR 11,589,000 per ha is much
lower than the rice-fish technology pattern system with net income between IDR
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30,957,400 - up to IDR 32,272,400; so that it can be recommended that rice-fish
technology can be developed in the Agro Techno Park Nglanggeran
Gunungkidul area.
CONCLUSIONS
1. The grains yields of application of rice-fishtechnology inrainfed lowland rice
fields at the Agro Techno Park Nglanggeran Gunungkidul area were 7.85
tons/hafor Inpari 30 and 6.98 tons/hafor Ciherang,respectively and higher
than the existing pattern (monoculture) with IR 64 (5.92 tons/ha)
2. Net income from farming with technology in the A and B patterns wereIDR
32,272,400 and IDR 30,957,400, while the monoculture net income was IDR
11,589,000.
3. The financial feasibility side of the third business package were feasible
technology with indicator value ratio revenue cost> 1.0; the highest value of
feasibility on rice-fishtechnology using Inpari-30 variety and catfish scouring
system was the value of R/C ratio of 2.17.
4. Considering grain production, total revenue, net income and RC value, the
rice-fish technology can be developed on 2nd planting season in rainfed rice
fields with additional water from pumping.
ACKNOWLEDGEMENTS
The research was funded by the national core budget of AIAT
Yogyakarta for operational of Nglanggeran Agro Techno Park (ATP). We would
like to thank farmer group of "Gathering Makaryo" in Nglanggeran,
Gunungkidul District and especial thanks to Mr. Hadi Purwantoand his
companion who had helped during the rice-fishresearch in the area.
REFERENCES
Ardiwinata, R.D. 1987. Rice-fish culture on paddy fields in Indonesia.
Proceedings of Indo Fasific Fish Council. 7. (II-III):11 -154.
Department Agriculture and Food of Gunungkidul. 2016. Annual Report.
Department of Agricuture and Food of Gunungkidul Regency.
Yogyakarta Special Province.
Department Marine and Fisheries Of Yogyakarta. 2014. Annual report .
Department Of Marine and Fisheries Service. Yogyakarta Province.
Department Marine and Fisheries Of Yogyakarta. 2015. Annual report .
Department Of Marine and Fisheries Service. Yogyakarta Province.

184

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345245

Department of Agriculture and Food, Regency of Sleman 2017. Development of
Rice-Fish in Sleman Regency.
Director General of Aquaculture, 2014. Rice-Fish: Optimize Paddy Fields,
Encourage Aquaculture Productivity.Ministry of Maritime Affairs and
Fisheries. Jakarta.
Direktorat Jendral Perikanan Budidaya Kementerian Kelautan dan
Perikanan.2011. Pedoman Umum Intensifikasi Minapadi (INMINDI),
Jakarta.
Fagi, A.M., S. Suriapermana, and I. Syamsiah. 1992. Rice-fish farming research
in low land area: the West Java Case. Rice fish research and
development in Asia. ICLARM conf. Proc. p. 273–286.
Feri-Arlius and E.G. Ekaputra. 2011. Sistem pertanian terpadu SRI-Mina dalam
mendukung ketahanan pangan nasional. Seminar Nasional : Reformasi
Pertanian Terintegrasi Menuju Kedaulatan Pangan. Fakultas Pertanian
Universitas Trunojoyo.
Gittinger, J.P. 1986. Economic Analysis of Agricultural Projects. (Jakarta:
Universitas Indonesia Press).
Kaimuddian, B. Ibrahim, and L. Tangko. 2008. Budidaya padi sawah irigasi
dengan aplikasi azolla dan ikan nila. Jurnal Agrivior., 7(3):242– 253.
Kustiari, Ariesia Gema, and Rizal. 2016. IbM Sistem Usahatani Terpadu HuluHilir pada Kelompok Tani LADEWI Bondowoso Produksi Baby Fish
Organik Sistem Mina Padi Inovatif. Prosiding Seminar Hasil Penelitian
dan Pengembangan Masyarakat. Politeknik Negeri Jember.
Rahma, A.E. 2008. Faktor-Faktor yang Mempengaruhi tentang Pendapatan
Usaha Tani Minapadi dan Usaha Tani Padi Monokultur pada Sawah
Irigasi. Skripsi. Program Studi Sosial Ekonomi Pertanian. Universitas
Hasanuddin, Makasar.
Rustiati, T., and S. Abdulrachman. 2011. Komparatif beberapa metode
penetapan kebutuhan pupuk pada tanaman padi. Prosiding Seminar
Ilmiah Hasil Penelitian Padi Nasional 2010. Buku 2. Balai Besar
Penelitian
Tanaman
Padi.
Badan
Penelitian
dan
PengembanganPertanian. p. 1065-1078.
Simanjuntak, L. 2013. Kiat mengatasi permasalahan praktis usaha tani terpadu
PATI (padi, azolla, itik dan ikan). Pola Pertanian Organik Terpadu
dengan Modal, Buku. AGROMEDIA, 2013. V.Ap.

185

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345245

Simarmata, T. 2006. Teknologi peningkatan produksi padi (TPPP ABG) berbasis
organik.PT. Gateway Internusa. Jakarta.
Sudiarta I.M., E. Syam’un, and R. Syamsuddin. 2016. Pertumbuhan dan
produksi tanaman padi serta produksi ikan nila pada sistem tanam jajar
legowo. J. Sains & Teknologi., 16(1):70-80.
Suripermana, S.1994. Beternak Ikan di Sawah. Institut Pertanian Bogor, 1994.
Suripermana, S., and I. Syamsiah. 1995. Tanam Jajar Legowo Pada Sistem
Usahatani Minapadi-Azolla di Lahan Sawah Irigasi. Hal 74-83. Risalah
Seminar Hasil Penelitian Sistem Usahatani dan Sosial Ekonomi. Bogor 45 Oktober 1994. Pusat Penelitian dan Pengembangan Tanaman Pangan,
Bogor.
Syamsiah, I, S. Suriapermana, and A.M. Fagi. 1988. Research on rice fish culture:
Past experiences and future research programs. Paper Presented at The
Workshop on Rice-Fish Farming Research and Development. Ubon, Thailand.
21-25 March 1988.
Widodo, S., Sarjono, Sudarmaji, Mulyadi and S. Rustijarno. 2015. Laporan akhir
kegiatan Analisis Kebijakan. Balai Pengkajian Teknologi Pertanian
Yogyakarta. BBP2TP. Bogor. Balitbangtan. Unpublished.
Widodo, S., Sudarmaji, Sarjono, and S. Rustijarno. 2014. Laporan Quick
Assessment. Minapadi di Yogyakarta. Balai Pengkajian Teknologi
Pertanian Yogyakarta. Unpublished
Widodo, S. 2017. Analisis finansial VUB padi dalam sistem minapadi dengan
teknologi tajarwo di Kabupaten Sleman, Yogyakarta.Prosiding Seminar
Nasional. Perhimpunan Agronomi Indonesia/PERAGI. 2017.

186

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345246

Effectifity of Pseudomonas fluorescens and Beauveria bassiana
on controlling chili’s pest and diseases
Hagni Aratri* and Tri Wahyuni
Laboratory of Pest and Diseases Monitoring, Temanggung, Central Java, Indonesia
*Corresponding author : hagniaratri@gmail.com
ABSTRACT
Pseudomonas fluorescens (Pf) known as biological control agent for yellow curl
virus in chili. Another biocontrol agent, Beauveria bassiana (Bb) could control many
pest as thrips, myzus, and caterpillar. This report describe the effectivity of
Pseudomonas fluorescens and also Beauveria bassiana to control pest and disseases in
chili. The research was carried out on field of 1000 m2, at Gandurejo Village, Bulu
District, Temanggung Regency. Pseudomonas fluorescens applied on chili plant 6 (six)
times, started at 1 week after planting with interval 1 week per application. Beauveria
bassiana applied 3 (three) days after the Pseudomonas. Water was applied on Control
area, at the same time as Pseudomonas application. Observations were carried out on 30
sample units each week. The parameter were plant height, diameter of plant canopy,
intensity of plant pest and disease attack, and production of the chili. Result showed that
applied of Pf and Bb significantly affected the height of plant, diameter of plant canopy,
and also effectively inhibited caterpillar attack and yellow curl virus with 31,05%
inhibited. However, although the application didn’t show any significant effect on yield
it could decrease cost significantly. and also reduce synthetic pesticide usage, which
support environment friendly agriculture.
Keywords :Pseudomonas fluorescens, Beauveria bassiana, chili, environment friendly
agriculture
INTRODUCTION
Horticultural commodities, especially chilli, have important values in
agriculture and economics, due to frequent price fluctuations. Chili productivity
is influenced by several factors, including weather, healthy seeds, and pest and
disease attacks. In order to suppress pests in chili plants, most farmers still use
chemical pesticides because they are considered more practical and profitable.
However, this process will have an impact in the form of chemical residues on
plants, soil and the environment (Fitriadi and Putri, 2016). Efforts to reduce the
negative impact of chemical pesticide use can be done, one of which is the use of
biological agents. Some types of biological agents that can be applied to chili
plants include Pseudomonas fluorescens and Beauveria bassiana.
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Pseudomonas fluorescens can play a role as Plant Growth Promoting
Rhizobakteria (PGPR), because they produce growth regulators (ZPT) and can
also increase nutrient availability through organic acid production (Yanti et al.,
2008). Wardhana et al., (2009) and Soesanto, Mugihastuti and Rahayuniwati,
(2014) stated that Pseudomonas fluorescens P60 bacteria can be beneficial in the
development and growth of plants as growth promoting rhizobacteria. This is
indicated by an increase in plant height and plant root length. The use of PGPR
in controlling pesticides has been widely carried out, especially against fungi
and bacteria (van Loon et al., 1998). PGPR applications for important diseasecausing viruses including reporting are effective in suppressing Cucumber
mosaic virus (CMV), Tobacco mosaic virus (TMV), Tobacco necrosis virus
(TNV), and Tomato virus (ToMoV) (Maurhofer et al., 1994; Raupach and
Kloepper, 1998; Zehnder et al., 2000 in Priwiratama, Hidayat and Widodo,
2012).
Beauveria bassiana is an entomopathogenic fungus that is known to be
effective in controlling important pests of plants (Herdiartini, 2014). Beauveria
bassiana can remove beauvericin toxins which will develop in the body of host
insects and attack all body tissues, so that insects experience death. Insects
attacked by Beauveria will die with a dry form like a mummy (Meidianti,
Muanis and Raharjo 2010). Research by Sihombing (2007) in Yusuf et al., (2010),
showed that Beauveria bassiana suppresed thrips population on the
Chrysanthemum sp. especially on flower. Beauveria bassiana also suppresed thrips
population on garlic up to 27%.
The purpose of this study was to apply environmentally friendly
technology for controlling pest and disease on chilli by using biological agents
as early as possible, and also to determine the effectiveness of using
Pseudomonas fluorescens and Beauveria bassiana for controlling pests in chili
plants.
MATERIALS AND METHODS
The study was conducted at Gandurejo Village, Bulu Subdistrict,
Temanggung Regency, Central Java Province, Indonesia in May-December 2015.
There are two (2) experimental plots which are comparison groups, namely the
plot of Pf and BV (RL) treatment and control (R0) experimental, which were
comparison groups Plots with the application of Pseudomonas and Beauveria
(RL) and control plot (K0), with treatment as was the custom of farmers. Each
plots contain of 30 sample units. on the yard polybag Applied plot sprayed with
Pseudomonas fluorescens 10 cm3/l each week, 6 for times, startted from the first
week after planting and Beauveria bassiana which applied 3 days after
Pseudomonas fluorescens. The control plot was applied with water 10 cm3 as the
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same time of Pseudomonas and Beauveria application. Irrigation was carried out
every 3 days in all treatment plots, by inundating 5-10 cm of land from the
ground. The biological agents of Pseudomonas fluorescens and Beauveria bassiana
were produced by farmers with guidance of Laboratory of Pest and DiseasesTemanggung. Biological agents made in liquid media. The procedure to
produce biological agens was to boil 3 kilograms of diced potatoes into 10 liters
of water for 15 minutes, then filter them to get potato extract. Add 300 grams of
dextrose to the potato extract and bring to the boil again. After that enter into
jerry cans or gallons, wait until cold before add biological agent starter, and
fermented 10 days.
Observations were made once a week as many as 12 observations, on 30
plant sample units for each plot (RL and K0). Observation parameters were
plant height, plant canopy idth, intensity of pest and disease attacks, and also
crop production. Plant height was measured from the base stem to the highest
canopy. Plant canopy widht was measured from the left side to the right side of
canopy. Intensity of attack measured by looking at the symptoms and
comparing with the guidelines of horticulture observation. Crop production
measured based on production of 30 sample units which is observed 5 times of
harvesting. Observations on the observed parameters were analyzed
descriptively and continued by t-Test analysis.
RESULTS AND DISCUSSION
a. Plant height and width of plant canopy diameter
Plant height in environmentally friendly plots (RL) is higher than control
(K0) plots. Similarly for plant canopy diameter parameters, environmentally
friendly plots have wider canopy diameters than control plots (Figure 1.)
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Figure 1. Chili plant height and canopy on RL and K0 plots
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Table 1. t-Test on plant height and diametre of canopy
Parameter
Height of plant (cm)
Diametre of plant canopy (cm)

Treatment
RL
K0
RL
K0

Mean
66.12
60.68
52.68
37.91

Significance
0.000 **
0,005

**

The results of the t-Test show a significant effect o of RL treatments
which is indicated by the value of Sig 0,000. This is consistent with the results of
the study by Wardhana et al., (2009) and Soesanto et al., (2010) that the added
antagonistic bacteria, Pseudomonas fluorescens could colonize roots and have an
effective effect as plant growth-promoting rhizobacteria (PGPR) which is
indicated by an increase in plant height and plant root length. Environmentally
friendly treatment (RL) has a higher average plant height than control
treatment, indicated by the mean value of environmentally friendly treatment of
66.15 cm while in control only amounted to 60.67 cm.
The significance value on the T-test of the canopy width diameter was
0.005, which means that the treatment given has a significant effect on the width
of the plant canopy width. The effect of periodic spraying of Pseudomonas
fluorescens causes the roots of the plant to be longer so that the range to meet
nutritional needs becomes wider and affects the width of the plant canopy. The
mean value of canopy width in the control treatment is known to be 37.9 cm
while the environmentally friendly treatment is 52.68 cm.
b. Population and intensity of thrips attack
Thrips are one type of pest that always appears in chili plantations. The
appearance of pests becomes quite significant in dry conditions, low rainfall.
The initial symptoms of Thrips attack are characterized by shiny silvery-colored
leaf surfaces, and further attack the leaves will be brown so that the metabolic
processes of the plant are disrupted. In severe attacks, leaves, shoots and buds
roll upwards so that plant growth is inhibited, stunted even shoots die (Horti,
2014) (Direktorat Perlindungan Hortikultura, 2014)
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Figure 2. Population (Pop) and intensity of thrips’s attack (Int)

Table 2. t-Test on population and intensity of thrips’ attack
Parameter
Treatment
Mean
Population (per clump)
RL
0477
K0
0.422
Intensity (%)
RL
1.67
K0
1.32

Significance
0.039 *
0.956 ns

The t-test shows that environmentally friendly treatment has a
significant effect on the population of Thrips, which is indicated by a
significance value 0.039. However, the thrips population in the RL plot tends to
be higher than in the control plot, which can be seen from the mean value in
environmentally friendly plots of 0.477 and control plots of 0.422. It caused by
termination of Beauveria bassiana spray at 6th week after planting, however the
used of pesticices still continue at control plot. The performance factor of plants
in the environmentally friendly treatment which is more lush, so that the
availability of feed and habitat is sufficient to support the development of
Thrips.
The treatment of Pseudomonas fluorescens and Beauveria bassian had no
significant effect on the intensity of the Thrips attack, which was indicated by
the significance value of 0.956. Thus it can be concluded that although
descriptively the Thrips population influences the intensity of attacks, the
condition is not statistically significant.
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c. Intensity of yellow curl virus attack
35
30

Intensity (%)

25

20
RL

15

K0

10
5
0
I

II

III

IV

V

VI

VII VIII

IX

X

XI

XII

Observation

Figure 3. Intensity of yellow curl virus attack

In general, Yellow Virus attacks are higher in Control plots than in RL
plots. Thus it can be concluded that the application of Pseudomonas fluorescens
and Beauveria bassiana is able to provide plant resistance to the Yellow Virus.
Table 2. t-Test on population and intensity of thrips’ attack
Parameter
Yellow Curl Virus Intensity (%)

Treatment
RL
K0

Mean
4.00
6.59

Significance
0.000 **

The treatment of Pseudomonas fluorescens and Beauveria bassiana as
biological agent had a very significant effect on Yellow Virus infection in
demonstration plot plants, which was indicated by a significance value of 0.000.
This supports the results of Priwiratama research (2012), that the plants treated
with B. subtilis SB3 and Pseudomonas fluorescens show a longer incubation period
for Yellow Virus infections compared to plants that are not treated with bacteria.
Soesanto et al., (2014) also stated that the incubation period of the application of
watering and spraying applications of Pseudomonas fluorescens P60 tends to
increase or longer the appearance of disease symptoms, especially spraying
applications 5 times, when compared to controls and insecticides.
The effectiveness of using biological agents on the intensity of Yellow
Virus attacks in this study was 31.05%
192

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345246

d. Yellow virus attack event index
Yellow Virus attack event index shows the total number of plants
affected by the Yellow Virus attack from the entire population.

Index of Yellow Virus Attack
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Figure 4. Yellow virus attack event index
Control plots seemed to experience more Yellow Virus attacks than the
RL plots. This is related to the effect of Pseudomonas fluorescens application which
has the ability to break down phosphate in the soil and can be absorbed by
plants. As is known, the element phosphate is important for cell growth, the
formation of fine roots and root hair, strengthening the plant so it does not
easily fall, improve the quality of plants, flower formation, fruit, and seeds, and
strengthen resistance to disease. In addition, Pseudomonas fluorescens is able to
produce secondary metabolites that are able to prevent the development of
plant diseases (Soesanto et al., 2014)
e. Yellow virus attack event index
Fruit caterpillars were pests that are often found in environmentally
friendly plots. This pest attacks the fruit with the characteristics of a rather large
hole/scratch. Fruit caterpillars are usually active in the late afternoon, and cause
significant damage. One of the biological control materials that can be used to
control fruit caterpillars is Beauveria bassiana.
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Table 5. Intensity of catterpillar attack
Parameter
Catterpillar
attack
Intensity (%)

Treatment
RL
K0

Mean
0,87
5,47

Significance
0,000 **

The treatment of biological agents has a significant effect on the intensity
of fruit caterpillar attacks, with a significance value of 0,000. The intensity that
occurs in the control plot is much higher than that of an environmentally
friendly plot, which can be seen from the mean value in the control plot of
5.4667 while the environmentally friendly plot is only 0.8722. This means that
the treatment given, especially the biological agent Beauveria bassiana can reduce
the intensity of fruit caterpillar attacks. As Junianto (1996), said Beauveria
bassiana can directly infect caterpillars that eat or are exposed to this fungus
through the cuticle and cause the caterpillar to be inactive so that eating
activities are also hampered. It also stated by Malavarnan etal., 2010 that
Beauveria bassiana is a hyphomycete insect-pathogenic fungus in the subdivision
Deuteromycotina which occurs worldwide. Over 200 species of insects in nine
orders, mainly Lepidoptera and Coleoptera have since been recorded as hosts.
The effectiveness of the application of biological agents on fruit
caterpillar attacks in this research was 50.62%.
e. Production
Production in environment friendly plots is higher than in control plots.
Thus the application of Pseudomonas fluorescens and Beauveria bassianawas able to
cause an increase in production. It means the Pseudomonas bacteria can be
beneficial in the development and growth of plants as rhizobacteria that
promote plant growth, as indicated by an increase in plant height and plant root
length (Wardhana et al., 2009;Soesanto et al., 2010). Increased plant root length
will encourage the absorption of nutrients for plants that will be used to support
crop productivity. In addition, Pseudomonas fluorescens bacteria are phosphate
solvent bacteria, while the phosphate elements themselves are important
elements in the formation of flowers and fruit in plants.
Table 6. Productivity of chilli
Parameter
Treatment
Mean
Significance
Productivity (gram/tree)
RL
30.24
0.132 ns*
K0
28.69
The T-Test statistical test shows an insignificant effect, which is
indicated by the significance value of 0.132. This condition is possible because
harvest/production data is taken only up to 5 harvests, while maximum
production generally occurs at 7-15 harvests. Thus, it is suspected that the
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production data taken in this demonstration plot activity was still insufficient
for statistical test purposes. However, the mean valueof productivity chili
showed that environmentally friendly plot had a higher yield than control
plots, which known from mean value of productivit on environmentally
friendly plot was 30.24 gram/tree while control plot was 28.69 gram/tree.
CONCLUSIONS
The use of Pseudomonas fluorescens and Beauveria bassiana is quite
effective for controlling several pests in chili plants. The effectiveness of using
biological agents on the intensity of Yellow Virus attacks is 31.05%, hile the
effectiveness of using biological agents on the intensity of fruit caterpillar
attacks was 80%. The effectiveness of the use of biological agents on Thrips
population is 57.1%. Increased production obtained in environmentally friendly
plots of 8.57%. It means that the use of Pseudomonas fluorescens and Beauveria
bassiana for pest and disesase control in chili plants can increase production.
ACKNOWLEDGEMENTS
This study is an environmental friendly demonstration plot
development activity at Laboratory of Pest and Disease-Temanggung, financed
by the 2015 Horticulture APBN. We would like thank the Head of Laboratory of
Pest and Disease-Temanggung, Head of BPTPHP Central Java Province for the
opportunity and support to this research.
REFERENCES
Direktorat Perlindungan Hortikultura. 2014. Pedoman Pengenalan dan
Pengendalian Organisme Pengganggu Tumbuhan (OPT) Cabai di
Musim Hujan. Jakarta.
Fitriadi, B.R. and A.C. Putri. 2016. Metode pengurangan residu pestisida pada
hasil pertanian. Jurnal Rekayasa Kimia dan Lingkungan., 11(2): 61-71.
Herdatiarni, F., T. Himawan and R. Rachmawati. 2014. Eksplorasi cendawan
entomopatogen Beauveria Sp. menggunakan serangga umpan pada
komoditas jagung, tomat dan wortel organik di Batu, Malang. Jurnal
HPT., 1(3):1-11. ISSN: 2338-4336
Junianto, Y.D. 1996. Pengenalan agens pengendali hayati dan pemanfaatannya
pada tanaman kakao. Pusat Penelitian Kopi dan Kakao Indonesia.
Jember

195

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345246

Malavarnan, S., P. D. Murali, S.P. Shanthakumar, V.R. Prabavathy and S. Nair.
2010. Laboratory evaluation of the entomopathogenic fungi, Beauveria
bassiana against the Tobacco caterpillar, Spodoptera litura Fabricius
(Noctuidae: Lepidoptera). Journal of Biopesticides.,3(1 Special Issue):126131.
Meidiantie, S. Muanis Nur A and Ari Raharjo. 2010. Membuat Pestisida
Organik. PT. Media Agromedia Pustaka. Jakarta.
Priwiratama, H., S. H. Hidayat and Widodo. 2012. Pengaruh empat galur
bakteri pemacu pertumbuhan tanaman dan waktu inokulasi virus
terhadap keparahan penyakit daun keriting kuning cabai. Jurnal
Fitopatologi Indonesia., 8(1):1.
Soesanto, L., E. Mugiastuti and R.F. Rahayuniati. 2014. Aplikasi formula cair
Pseudomonas fluorescens P60 untuk menekan penyakit virus cabai
merah. Jurnal Fitopatologi Indonesia., 9(6):179-185. ISSN: 23392479
Van Loon, L.C. Bakker, P., and Pieterse, C. M. J. 1998. Systemic resistance
induced by Rhizosphere bacteria. Annu. Rev. Phytopathol., 36:453-458
Wardhana, DW, Soesanto, L and Utami DS. 2009. Penekanan Hayati Penyakit
Layu Fusarium Pada Subang Gladiol. Jurnal Hort. 19(2):304-311.
Yanti, Y., Gustian and H. Rahma. 2008. Aplikasi agens hayati Pseudomonas
fluorescens sebagai penginduksi ketahanan untuk meningkatkan
produksi tanaman cabai terhadap penyakit virus kuning di Kecamatan
Kuranji Kotamadya Padang. Warta Pengabdian Andalas Volume XV, Nomor
22 Juni 2009.
Yusuf, S., E.W. Nuryani and I. Djatnika. 2010. Pengaruh bahan pembawa
terhadap efektifitas Beauveria bassiana dalam mengendalikan Thrips
parvispius Karny pada tanaman krisan di rumah plastik. Jurnal Hort.,
20(1):80-85.

196

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345247

Residues of organophosphate pesticides in vegetables in traditional market
and supermarket of Bogor city, West Java
Eman Sulaeman* and Asep Nugraha Ardiwinata
Indonesian Agricultural Environment Research Institute
Jl. Raya Jakenan-Jaken Km 5 Jaken, Pati, Central Java, Indonesia
*Corresponding author : sulaeman_23@yahoo.co.id
ABSTRACT
Vegetables are a commodity that is needed as a source of nutrition for humans.
Vegetables are broadly a source of fiber, vitamins and minerals that are good enough for
the body and efficacious to improve health and metabolism. The vegetable plants are very
susceptible to pests and diseases, farmers to control pests and diseases use pesticides.
Organophosphate class pesticides are increasingly used for vegetable crops because of
their beneficial properties for farmers. Organophosphate pesticides are selective, not
persistent in the soil, and does not cause resistance to insects, works as contact poisons,
stomach poisons and also respiratory poisons. Improper use of pesticides can lead to
pesticide residues, as a result vegetables are often contaminated by pesticide residues.
Pesticide residues contained in vegetables can have a direct or indirect impact on
consumers. Organophosphate pescides by inhibiting the activity of cholinesterase
enzymes, so that acetylcholine is not hydrolyzed. The possible effects on humans are
bloody or runny nose, coughing, chest pain, shortness of breath and difficulty or
wheezing due to narrowing or excess fluid in the bronchial tube. This study aims to
determine the content of pesticide residues in various types of vegetables in the city of
Bogor, West Java. The research method was carried out by taking cabbage, potato and
carrot vegetables in several vegetable sellers in traditional and supermarket markets in
the city of Bogor, West Java. Vegetable samples as much as ± 10 g were extracted using
the QuEChERS method. The results of extracts were identified as organophosphate
residues using Gas Chromatography (GC).The results of the study showed that some
vegetable sample (cabbage, potato, and carrots) contained pesticide residues, i.e.
chlorpyrifos, profenofos and diazinon. Chlorpyrifos pesticide residue concentrations of
0.0041-0.0295 µg/kg, profenofos 0.0018-0.0222 µg/kg and diazinon 0.0033-0.0144
µg/kg. This value is still below the pesticide BMR threshold value based on SNI 7313 in
2008.
Keywords: Residues, Pesticides, Vegetables, Traditional Markets, Supermarkets, Bogor
INTRODUCTION
Organophosphate (OP) insecticides are often also referred to as
phosphorus insecticide, phosphates, phosphorous esters, or phosphoric acid
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esters. Broadly speaking, compounds in this class are derivatives of phosphoric
acid, consists of aliphatic, phenyl and heterocyclic derivatives (Sogorb and
Vanova, 2002). Most organophosphate compounds are esters or thiol derivatives
of phosphate, phosphonate or amorphous phosphoric acid (Sogorb and Vanova,
2002).The use of organophosphate insecticides has been started since 1930 and
has increased so rapidly since the prohibition of organochlorine insecticides in
the 1970s.
The use of intensive organophosphate pesticides in agriculture has left
pesticide residues in plants and has become a problem for both the environment
and humans. Syahbirin (2001) explains that there are three types of
organophosphates that are often used in vegetables and fruits, namely diazinon,
dimetoate and chlorpyrifos. Insecticide residues found in agricultural products,
such as vegetables, can be caused by direct exposure to insecticides sprayed
when controlling plant-destroying pests, in addition to the absorption of
insecticides in the soil by the roots of plants. Broccoli vegetables grown in
Cihanjuang Rahayu Village, Parongpong Subdistrict, West Bandung Regency
have organophosphate insecticidal content that exceeds the Maximum Residue
Limit (LMR) of 10-82% based on SNI 7313: 2008 (Amilia et al., 2016). Sungkawa
(2008) reported that organophosphate insecticides are one of the most common
types of insecticides used by shallot farmers in Brebes Regency with an
application frequency of 5-30 times per planting season (± 60 days). The use of
chronic toxic insecticides such as organophosphates is predicted to cause
changes in the balance of biological populations which results in a decline in
biodiversity of various ecosystems. The results of pesticide residue analysis on
cabbage showed that the dominant active ingredient of endosulfan was found in
cabbage samples from both Malang and Cianjur, with the highest pesticide
residue of 7.4 ppb analyzed from samples taken from farmers in Cianjur. Other
residues include pesticides containing active ingredients chlorpyrifos,
meditation, malathion, and carbaryl (Munarso et al., 2009)
MATERIALS AND METHODS
The research was carried out in the laboratory of Agrochemical Material
Residues, Indonesia Agricultural Environmental Research Institute, Laladon
Bogor. Implementation time starts from April 2017 to July 2017. Research
materials include samples of soil taken in cabbage, potato and carrot vegetables
in traditional markets and supermarkets in the city of Bogor, West Java.
Chemicals for the analysis of chlorpyrifos insecticide residues consist of:
acetonitrile, MgSo4, Na Ac, anhydrous sodium sulfate, potassium hydroxide,
cellite 545, chlorpyrifos insecticide 99.5% standard, 99.4% Propenofos and 99.5%
Diazinon.
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The tools used for soil sampling consist of, for example, 450 GC Variant
gas chromatography which is equipped with a thermionic specific detector
(TSD) detector, sheker, centrifuge, rotating vacuum evaporator (evaporatorBuchi R-114).
Validation of Chlorpyrifos, Profenofos and Diazinon Insecticidal Analysis
and Identification Methods
Validation of an analysis method is an important factor in an analysis
measurement. Analytical methods that have been proven validity of
measurement results, can be accounted for and used as a basis for the next
calculation. Some parameters in conducting validation include linearity,
selectivity, accuracy, accuracy, limit of detection and limit of quantification. The
linearity parameter describes the linear relationship between concentration and
absorption so that the equations obtained can be used to calculate the
concentration of active substances in the sample. The selectivity parameter
describes the ability of the analysis method to separate active substances from
other components. The accuracy of the analysis illustrates the closeness of the
test results in several repetitions, the accuracy describes the proximity of the test
results with the actual value. Limit of detection describes the minimum amount
that can be detected by the analysis method, and limit of quantification
describes the minimum amount that can be detected by quantitative methods
that can be accounted for quantitatively (Snyder et al., 1997; Miller and
Crowther, 2000).
Extraction and Identification Procedure
The streamlined procedure given below was used for extraction and
cleanup in the final method. Any alterations made in the method in experiments
will be mentioned when discussing the results. Weigh 10.00 ± 0.05 g of
thoroughly comminuted sample into a 10 mL acetonitrile, shake 30 s, Add 6 g
anhydrous MgSO4 and 1.5 g anhydrous Na Ac (do not get the powders in the
threads or rims of the tubes). Seal the tubes and shake vigorously for 1 min by
hand (3-5 tubes can be held per hand) ensuring that the solvent interacts well
with the entire sample and that crystalline agglomerates are broken up
sufficiently. Centrifuge the tubes at 3450 rcf (5000 rpm on the centrifuge we
used) for 1 min. Transfer the extracts (upper layer) to dispersive-SPE tubes
containing 50 mg PSA + 150 mg anhydrous MgSO4/mL of extract. Cap the tubes
well and mix the extract with the sorbent/dessicant for 20 s. Centrifuge the tubes
at 5000 rpm. Identification to GC, The GC separation was conducted on a Restek
Rtx-1705 ms capillary column (30 m, 0.25 mm id, 0.25 µm film thickness) with
the following conditions: N2 constant flow, 28 mL/min; inlet temperature, 250oC;
199

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345247

injection volume, 2 µL (splitless); detector temperature, 300oC; initial oven
temperature, 150 oC, held for 1.5 min, then a 20 oC/min ramp to 200 oC followed
by a 25 oC/min ramp to 250 oC (held for 16 min) (Lehotay et al., 2005).
Residue Consentration :R =

Ac
As

x Cs x

Df
Sw

Keterangan :
R =
Residue (µg/g)
Ac =
Area sample (µV.min)
As =
Area Standart (µV.min)
Cs =
Consentration Standart (mg/g)
Sv =
Sample weight (mL)
Df =
Dilution factor (mL)
Validation of chlorpyrifos, Profenofos and Diazinon residual analysis methods.
In the preliminary test the measurement of the detection and recovery
limit was carried out by measuring the residual content of chlorpyrifos,
profenofos and diazinon insecticides. Cabbage vegetables, potatoes and carrots
that have been mashed by blending, then added the active ingredients of
chlorpyrifos, profenofos and diazinon insecticides until the concentration of
each is 0.2 mg/kg and repeated seven times. The calculation results obtained the
detection limit of chlorpyrifos of 0.0021 mg/kg, profenofos 0.0025 mg/kg and
diazinon 0.0017 mg/kg, with these results the method used for the analysis of
chlorpyrifos and diazinone insecticides in cabbage vegetables, potatoes and
carrots has a capacity of 0.0021 mg/kg for chlorpyrifos, 0.0025 mg/kg for
profenophos and diazinone 0.0017 mg/kg (Table 1).
Table 1. Validation of methods for analyzing insecticide residues in vegetable
samples
Parameter
Insecticides
Chlorpyrifos
Profenofos
Diazinon

Detection limit (mg/kg)

Recovery (%)

0.0021
0.0025
0.0017

91.20
95.50
94.82

Testing the recovery value (recovery test) is done by adding the
chlorophyllos, profenofos and diazinon insecticidal active ingredients to the
vegetable medium which has been mashed by using a belender, and the
vegetables are also analyzed without enriching it with insecticidal active
ingredients. The average data from the results of the recovery test for
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chlorpyrifos insecticides were 91.2%, profenofos 95.50 and diazinon were 94.82
mg/kg (Table 1). Based on data recovery it can be said that the method to be
used for the analysis of chlorpyrifos insecticide residues in vegetable samples is
sufficient to meet the requirements. There coffery value of a method to be used
must be at 80-110% (AOAC, 2002).
RESULTS AND DISCUSSION
The content of chlorpyrifos pesticides, profenofos and diazinon from
cabbage, potatoes and carrots taken from traditional markets is not significantly
different, this can be caused by vegetables sent to traditional markets and
supermarkets from the same source. Potatoes and carrots contain smaller
pesticide residues compared to cabbage vegetables, this can be caused by
Table 2. The results of insecticide residue analysis on vegetable samples
Types of
vegetables
Cabbage

Potato

Carrot

Location

Residue (mg/kg)
Chlorpyrifos

Profenofos

Diazinon

Traditional market A

0.0402 ± 0.002

0.0087 ± 0.002

0.0144 ± 0.003

Traditional market B

0.0176 ± 0.005

0.0096 ± 0.002

0.0135 ± 0.005

Traditional market C

0.0295 ± 0.007

0.0171 ± 0.005

0.0141 ± 0.004

Supermarket A

0.0133 ± 0.004

0.0064 ± 0.004

0.0057 ± 0.003

Supermarket B

0.0152 ± 0.003

0.0073 ± 0.001

0.0072 ± 0.002

Traditional market A

0.0077 ± 0.001

0.0018 ± 0.001

0.0045 ± 0.001

Traditional market B

0.0042 ± 0.001

0.0032 ± 0.001

0.0069 ± 0.001

Traditional market C

0.0041 ± 0.001

0.0031 ± 0.001

0.0048 ± 0.001

Supermarket A

0.0041 ± 0.001

0.0035 ± 0.001

0.0047 ± 0.001

Supermarket B

0.0052 ± 0.001

0.0019 ± 0.001

0.0033 ± 0.001

Traditional market A

0.0178 ± 0.004

0.0112 ± 0.009

0.0033 ± 0.001

Traditional market B

0.0169 ± 0.002

0.0283 ± 0.006

0.0049 ± 0.001

Traditional market C

0.0192 ± 0.002

0.0222 ± 0.002

0.0055 ± 0.001

Supermarket A

0.0133 ± 0.003

0.0117 ± 0.001

0.0055 ± 0.003

Supermarket B

0.0078 ± 0.001

0.0196 ± 0.001

0.0036 ± 0.001

Pesticides applied to control plant pests will be directly exposed to
cabbage leaves, while in potato tubers and mortles, pesticides will first fall to the
soil and then absorb into the tissues root.

201

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345247

Table. 3. Maximum residual limitin vegetable
Types of
vegetables
Cabbage
Potato
Carrot

Chlorpyrifos
(mg/kg)
0.05
0.01
0.5

Profenofos(mg/kg)

Diazinon(mg/kg)

1
2
0.1

0.5
0.01
0.5

Reference :the maximum residue based on SNI 7313 2008

The residual content of chlorpyrifos pesticides, profenofos and diazinon
tang originating from traditional markets is still below the threshold determined
by the Indonesian National Standard (SNI) no. 7313 of 2008. The maximum
limits for chlorpyrifos, profenofos and diazinon pesticide residues in cabbage
were 0.05, 1 and 0.5 mg/kg, respectively, for potatoes at 0.01, 2 and 0.01 mg/kg,
while for carrots at 0.5, 0.1 and 0.5 mg/kg (Table 3).
CONCLUSIONS
1. Vegetables cabbage, potatoes and carrots taken in traditional markets and
supermarkets contain chlorpyrifos, profenofos and diazinon insecticides.
2. The highest pesticide residue content was obtained from cabbage vegetables,
namely chlorpyrifos at 0.0133 ± 0.004 - 0.0402 ± 0.002 mg/kg, profenofos
0.0064 ± 0.004 - 0.0087 ± 0.002 mg/kg and diazinon 0.0073 ± 0.001 - 0.0144 ±
0.003 mg/kg
3. The residual content of cabbage, potatoes and carrots is still below the
maximum residue based on SNI 7313 2008
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ABSTRACT
The pests on chilli plantations area serious issue in considering to chillies. Pest
can cause a serious failure to the chilli crop, therefore planting chillies is closely related
to a high cost. The next action, the chilli farmers treat pests with excessive use of
pesticides. Currently,a widely sold and used pesticide by chilli farmers in the field is a
pesticide that has chlorpyrifos as its active ingredients. There are at least 40 brands of
pesticides made from chlorpyrifos, and 8-10 of them are used by chilli farmers. The aim
of research is to evaluate of chlorpyrifos residues remediationchilli planting soil with
different textures. The research has been conducted at the greenhouse of the Agricultural
Environment Research Institute (IAERI) during July-November 2017. The experiment
was carried out in potswith soil media from Magelang (light texture) and Pati (heavy
texture). The study used randomized block design with 3 replications, 2 factors and 5
treatments (10 treatment combinations). The two factors are soil texture, namely: (T1 =
light texture and T2 = heavy texture). Meanwhile, the five treatments are: (P1) urea
coated with activated charcoal; (P2) urea coated with activated charcoal enriched with
microbial consortia; (P3) urea coated with biochar; (P4) urea coated with biochar
enriched with microbial consortia; (P5) farmers methods (150 kg/ha urea). The results
showed that urea coated with biochar and urea coated with biocharenriched with
microbial consortia effectively reduced the chlorpyrifos residue both in light textured soil
from Magelang and heavy textured soil from Pati. The clay content in heavy textured
soil from Pati increases the degradation process of chlorpyrifos in the soil. The results of
chilliplant successively from the highest are urea coated with activated charcoal enriched
with microbial consortia >urea coated with charcoal>urea coated with activated
charcoal>urea coated with biochar enriched with microbial consortia> farmers methods
(in light textured soil from Magelang). Whileurea coated by activated charcoal>urea
coated bybiochar enriched withmicrobial consortia>urea coated with activated charcoal
enriched with microbial consortia>farmers methods>urea coated with biochar(in heavy
textured soil from Pati).
Keywords: remediation, chlorpyrifos residue, soil texture, chilli plants
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INTRODUCTION
Red chilli is one of the most found vegetables in almost every household
kitchen. The symptoms of a rise in the price of red chillies cause worries in the
markets. It even forced the government to intervene to stabilize the price. Due to
the sudden rise in the red chillies’ price, inflation to other needs might also
happen. National chilli needs 92,000 ton per year in 2016, and it increase from
year to year.
Although the national of chilli production has met the needs, some
efforts to increase its production must also be carried out, especially when there
is a decreased production (during the rainy season). Duringthat period, if the
efforts to increase the production have done, the farmers would get a decent
selling price and income profit. For this reason, a breakthrough in technological
innovation to increase chilli production must be carried out to obtain a suitable
level of production according to the level of need. The management of plant
pest, the increasing of chilli population per unit area (from 20,000 plants/ha to
30,000 plants/ha), and the implementation of Good agriculture Practices (GAP)
are expected to besome efforts for increasing the production of red chillies.
The pest management in the vegetable sector including red chillies is
inseparable from the use of chemical pesticides. This can be seen from the high
use of pesticides among vegetable farmers, although at the same time field
school of Integrated Pest Management (IPM) and GAP have also been
implemented by the government. Due to the product appearance and economic
reasons, the use of pesticides in the management of IPM field school in the
horticultural sub-sector remains high. In addition, there are no signs of
declining use of pesticides in the field.
As a result, chlorpyrifos residues are easily detected in soil and
vegetables. Harsanti et al. (2014) found chlorpyrifos residues in the shallots
center production in Bantul. Chloryrifos residue of 0.0035-0.0112 mg/kg was
found in shallots in Brebes (Poniman et al., 2017). Red chilli from Pogalan and
Kapuan (Magelang Regency) was found to contain chlorpyrifos between 0.16160.1688 mg/kg (Poniman and Indratin, 2014). Karlina et al. (2014) found
chlorpyrifos residues in red chillies in traditional and modern markets in
Makassar, while Miskiyah and Munarso (2009) found chlorpyrifos residues in
chillies from Bandungan even though they found small amounts (below the
MRLs).
At least 95 brands of insecticides which contained chlorpyrifos can be
found all over Indonesia (http://pestisida.id/simpes_app/rekap_kimia_formula.php), and those 8-10 brands were used by red chilli farmers to manage the
pest. According to WHO (2009), chlorpyrifos which is known as contact poison
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and stomach poison, has a II-level danger (dangerous). Based on that definition,
it is seen as important to prevent the continuous effect of the use of chlorpyrifos.
In general, red chilli can be planted in every soil condition, texture,
ecosystem, and rain precipitation. As long as the drainage system can be
managed well, red chilli can be produced effectively. Red chilli that was planted
in upland area usually has a light texture. On the other hand, red chilli that was
planted in lowland area has heavy texture. Based on that difference,
chlorpyrifos residue is expected to give different effect in different textures of
soil. This study is aimed to evaluate of remediation technology of chlorpyrifos
in red chilliplanted on light textured soil and heavy textured soil.
MATERIALS AND METHODS
This study was carried conducted at a green house of Agricultural
Environment Research Institute (IAERI) during July-November 2017. The
experiment was carried out in potswith soil media from the vegetable fields of
Ngablak village, Magelang district and the other one from Ngurensiti Village,
Wedarijaksa sub-district, Pati district. The both location are Central Java
Province. The study used randomized block design with 3 replications, 2 factors
and 5 treatments (10 treatment combinations). These two factors are soil texture,
namely: (T1 = light texture and T2 = heavy texture). Meanwhile, the five
treatments are: (P1) urea coated by activated charcoal; (P2) urea coated by
activated charcoal enriched with microbial consortia; (P3) urea coated
bybiochar; (P4) urea coated by biochar enriched with microbial consortia; (P5)
farmers methods (150 kg/ha urea).
The soil media taken from Magelang and Pati is air dried until it reaches
absolute dryness and ready to be the planting media in the pots. The soil is
weighed as much as 15 kg and put into a pot volume of 20 kg. The next step is
added water to the ground surface, cover the top of the pot tightly, and stir
every day for one week so that the chlorpyrifos residue carried by the soil media
becomes homogeneous. After one week of opening the lid of the pots, keep
stirring for a week so that the soil reaches a field capacity (ready for planting). A
month old chilli seedlings were planted as many as 3 plants were planted in
each pot, and gradually reduced at the age of 7 and 14 days (left with one truly
healthy seed). The treatment application was carried out when the plants were
15 HST, as well as the basis for calculating the sampling time for chlorpyrifos
residues. The application of fertilizers is still carried out according to the
schedule of local farmers, whereas during planting the application of the active
ingredient of chlorpyrifos pesticides should not be used.
In determining the residual chlorpyrifos insecticide, soil samples were
taken at a depth of around 10 cm from the surface of each pot. During the study,
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soil samples were taken 4 times (before application of treatment, 1 Day After
Application (DAA), 40 DAA, and harvest). Soil samples were analysed in the
integrated laboratory of the Agricultural Environment Research Institute
(IAERI).
Laboratory analysis was carried out in the following steps: 10 g of soil
samples which had been destroyed, each were put into Soxhlet paper tubes,
extracted with 100 ml acetone solvent on the soxhlet base. Extraction is carried
out for 6 hours at 80 ° C. After 6 hours, the extraction is evaporated until it is
slightly dry in the evaporator at 45 ° C. The effluent obtained from the
evaporation results was transferred into a 150 ml separating funnel with the
help of 25 ml n-hexane solvent, then extracted with 25 ml acetonitrile solvent.
The n-hexane layer is at the top while the acetonitrile layer is on the bottom.
The acetonitrile layer was evaporated/concentrated in the evaporator at
450C, and then dissolved with n-hexane + acetone (ratio 9: 1) as much as 5 ml.
Eluent was put in the test tube with the help of acetone solvent until it reaches
the volume to 5 ml. From the solution, the content of chlorpyrifos residue was
determined by gas chromatography (Ohsawaet al., 1985).
Gas chromatography was used by Shimadzu 2014 with SPL-1 injector,
Flame Photometric Detector (FPD) detector, auto sampler AOC-201, injector
temperature 2300C and detector temperature 2500C, inject volume 1 µL.
Insecticide residues are calculated using formulas (PPI, 2006):
R=

Ac
Df
x Cs x
As
Sw

Information:
Ac = sample area
As = standard area
Vic = sample injection volume (µL)
Vis = standard injection volume (µL)
Ks = standard concentration (ppm)
B = initial volume (mg or ml)
Vfc = final volume (ml)
R = recovery (%)
RESULTS AND DISCUSSION
The analysis of the chemical and physical properties of the soil used as the
media
The analysis of soil from Magelang showed that it has acidic pH (5.5),
low organic C content (1.76%), moderate total N (0.32%), moderate total K 2O
(22.8 mg/100g), and moderate P2O5 (38.4 mg/kg), with moderate CEC (18.6
me/100g), and sandy clay texture. This soil is categorized as light textured soil
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with a composition of 48% clay, 35 sand, and 17% dust. Whereas, the soil from
Pati has a rather acidic pH (5.84), high organic-C levels (4.65%), low total N
(0.18%), moderate total K2O (26.1 mg/100g), and high P2O5 (52.3 mg/kg), with
moderate CEC (22.3 me/100g), as well as the texture of dust clay. This soil is
categorized as heavy textured soil with a clay composition of 52%, 36% dust,
and 12% sand.
Residual chlorpyrifos insecticide in soil samples and red chilli samples
The type and properties of soil such as the type of clay, and the content
of soil organic matter can affect the accumulation of insecticide residues in the
soil (Soejitno, 2006). Each time of observation shows significantly different
(Table 1). The chlorpyrifos insecticide residue generally decreased at 1 DAA and
again increased at the next observation even though it was still low compared to
the initial value (before the application of treatment).
Tabel 1. Chlorpyrifos insecticide residue in light-textured soil and heavytextured soil which were planted by red chilli, Jakenan 2017
Treatment

Experiment time
DBA

1

DAA

40 DAA

Harvest

--------------- mg/kg -------------T1P1

0.4200ab

0.0925cd

0.1699ab

0.2360b

T1P2
T1P3
T1P4
T1P5
T2P1
T2P2

0.3781ab
0.5500a
0.482ab
0.4010ab
0.3065ab
0.4351ab

0.0631d
0.3648a
0.2457b
0.1977bc
0.0777cd
0.1618bc

0.1116b
0.0978b
0.1893ab
0.3135a
0.1269b
0.1603b

0.2577b
0.2650ab
0.2180bc
0.3780a
0.2900ab
0.2673ab

T2P3
T2P4
T2P5
KK (%)

0.3069ab
0.5613a
0.2769ab
14.67

0.1887bc
0.2354bc
0.1547c
16.34

0.1117b
0.0704b
0.1399b
13.87

0.1133c
0.2177bc
0.2533b
17.23

The same number in the same column which was followed by the same letter showed not
different and real BNT test 1%
Description :T1 = Light-textured soil, T2 = heavy-textured soil. P1 = urea coated by activated
charcoal (120 kg/ha urea: 30 kg/ha AA); P2 = urea coated by activated
charcoal enriched with microbial consortia (120 kg ha urea: 30 kg/ha AA +
consortic microbes); P3 = urea coated by biochar (120 kg ha urea: 30 kg/ha
biochar); P4 = urea coated by biochar enriched with microbial consortia (120
kg/ha urea: 30 kg ha biochar + microbial consortia); and P5 = farmers'
methods. DBA =Day before aplication; DAA= Days after aplication)
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Before the application of chlorpyrifos residue treatment ranged from
0.2769-0.5613 mg/kg, the combination of treatments showed significantly
different. In the following observations (1 DAA), showed a decrease in all
treatments namely to around 0.1547-0.3648 mg/kg between real different
treatments. At the observation of 40 chlorpyrifos residues DAA became around
0.0704-0.3135 mg/kg, while at the time of harvest the chlorpyrifos residues
ranged from 0.1133 to 0.3780 mg/kg.
The half-life of chlorpyrifos in the soil is around 60-120 days (Sahid,
1988), if the half-life has been reached and the amount of residue found
increases it can be ascertained that magnification has occurred by a number of
soil living creatures (Cassidy et al. 1996; Ardiwinata et al. 2005). Even though
the pH value was not observed in this study, the increase in chlorpyrifos residue
was estimated to be caused by an increase in soil pH. Soil pH can also affect the
process of degradation of pesticide residues in the soil (Li et al., 2009). In many
cases, increasing soil pH inhibits the degradation process of pesticides, at pH>
7.5 can cause low persistence of chlorpyrifos in the soil (Yucel et al. 1999),
increasing pH due to wheat biochar decreases the absorption of Deuron
herbicides (Yang et al., 2004), reduce herbicide Ametryne and Bromoxynil (Yang
et al., 2004; Sheng et al, 2005).
The effect of biochar remediation material is consistent on both soil
textures in reducing chlorpyrifos insecticide residues to 40 DAA observations,
and increases observations at harvest. The use of biochar as ameliorant material
has a positive impact on the soil environment, because biochar has high stability
in the process of degradation and nutrient retention. The positive effects of
biochar on improving soil properties make conditions stable (Warnock et al.,
2007; Chan et al., 2007; 2008; Asai et al., 2009; Busscher et al., 2010; Sohi et al.,
2010; Novak et al., 2010). The use of biochar can contribute to the uptake of the
active ingredients of pesticides, reduce their mobility and reduce the risk of
surface contamination and groundwater.
The ability of ameliorant material to reduce residue can be seen from the
magnitude of the value of the initial residual decline (before the application of
treatment) with the residual value at harvest (at the end of the plant period).
Each ameliorant material has different abilities in degrading chlorpyrifos
residues in the soil (Poniman and Indratin, 2014; Poniman, 2014). Ameliorant
materials from organic materials from agricultural waste can reduce peticide
residues on agricultural land (Ardiwinata and Nursyamsi, 2012; Harsantiet al.,
2010; Wahyuni, 2014; Poniman, 2014).
The treatment of urea coated with biochar and the treatment of urea
coated by biochar enriched with microbial consortia showed a high decrease
compared to other treatments in both soil textures. The treatment of urea coated
by biochar in light-textured soil can reduce chlorpyrifos residue by 51.82% and
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raise the decrease in value to 54.77% in the treatment of urea coated by biochar
enriched with microbial consortia. Meanwhile in heavy textured soil, both
treatments reduced chlorpyrifos residue by 63.08% in urea coated by biochar
treatment and 61.22% in urea coated by biochar enriched with microbial
consortia treatment.
Biochar is more effective in reducing chlorpyrifos residues in red chilli
soil planted in different soil textures, compared to other treatments. However, it
does not mean that other treatments cannot reduce the residual chlorpyrifos.
The treatment of activated charcoal-coated urea fertilizer and consortia-enriched
activated microbial coated charcoal can reduce residues by 43.81% and 31.84%
respectively in light texture and by 5.38% and 38.57% in heavy textured soil. The
magnitude of the reduction in chlorpyrifos residues in the soil during red chilli
planting is shown in Table 2.
Table 2. The decrease of chlorpyrifos residue in light textured soil and heavy
textured soil during the red chilli cropping, Jakenan 2017
Residues time

Treatment

DBA

Harverst
----------------- mg/kg ---------------0.2360
0.1840
0.2577
0.1204
0.2650
0.2850

Decrease
---- % ---43.81
31.84
51.82

T1P1
T1P2
T1P3

0.4200
0.3781
0.5500

T1P4
T1P5

0.4820
0.4010
0.3065
0.4351
0.3069

0.2180
0.3780
0.2900
0.2673
0.1133

0.2640
0.0230
0.0165
0.1678
0.1936

54.77
5.74
5.38
38.57
63.08

0.5613

0.2177

0.3436

61.22

0.2769

0.2533

0.0236

8.52

T2P1
T2P2
T2P3
T2P4
T2P5

Description: T1 = Light textured soil, T2 = heavy textured soil. P1 = urea coated with activated
charcoal (120 kg/ha urea: 30 kg/ha AA); P2 = urea coated with activated
charcoal enriched with microbial consortium (120 kg ha urea: 30 kg/ha AA +
consortic microbes); P3 = urea coated with biochar (120 kg ha urea: 30 kg/ha
biochar); P4 = urea coated with biochar enriched with microbial consortium
(120 kg/ha urea: 30 kg ha biochar + consorticmicrobes); and P5 = farmers'
methods.
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The biochar ameliorant material is more effective in heavy textured soil
than light textured soil. The heavy textured soil from Pati (clay-dust) has higher
clay particles and is thought to facilitate absorption of chlorpyrifos residues.
Yang et al. (2010) stated that the addition of biochar clay fraction could decrease
the chlorpyrifos and fipronil. Sandy clay added with biochar from rubber wood
can reduce carbofuran residues and chlorpyrifos. Clay content and soil
characteristics determine the absorption of insecticides in the soil (Soejitno,
2006). Each insecticide compound has a functional group which can facilitate the
absorption of residues by the soil. Soil and negatively charged clay easily absorb
positive groups of insecticides (Rajagopal, et al, 1984).
In the product example (red chilli), there is no chlorpyrifos residue is
found. However, it does not mean that it is free from chlorpyrifos residues, it
may be that the amount of residue contained in chillies is not detected by GC
with a detection limit of 0.0046 mg/kg. Chloryrifos residues can still be found in
red chilli (Poniman et al. 2013; Poniman and Indratin, 2014; Miskiyah and
Munarso, 2009)
The chilli weight was observed at 3 harvests (harvesting 1-3). The
amount of chilli weight at each harvest is presented in Table 3. From the three
harvests, chili yields were obtained between 174.35 - 214.41 g/plant. The chilli
weight 3 times harvest showed a significant difference between the
combinations of treatments. The application of layered urea showed better
effectiveness on light textured soil than heavy textured soil, which indicated
chilli weight on both soil textures.
The application of urea coated by activated charcoal and urea coated by
activated charcoal enriched with microbial consortia showed stability of chilli
yield in both soil textures, with better yields compared to other treatments.
Activated charcoal as a coating is believed to increase the efficiency of urea
fertilizer. Reported by Wahyuni et al. (2014) that urea coated with activated
charcoal can increase yield and increase urea efficiency by up to 24%.
Although the coating of urea by biochar and biochar enriched with
microbes did not show high results compared to the application of urea coated
by activated charcoal and urea coated by activated charcoal enriched with
microbial, but not statistically significantly different. The addition of
carbonaceous ameliorant materials besides being able to reduce chlorpyrifos
residues can also improve secondary growth and increase crop productions
(Glaser et al., 2002; Chan et al., 2007; Novak et al., 2009; Sohi et al., 2010;
Busscher et al., 2010). Thus, remediation technology can be accepted as a new
technology in order to increase crop productions.
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Table 3. The chilli weights planted in pot systems with different soil textures,
Jakenan 2017
Treatment

The chilli weight at…
Harvest-1

Harvest-2

Harvest-3

Total
(3 times harvest)

---------------- g/plant --------------T1P1

43.26bc

73.56b

84.58a

201.40

T1P2

53.81a

86.39ab

74.21b

214.41

T1P3

45.01b

75.92b

81.45ab

202.38

T1P4

30.61c

82.56ab

83.83ab

197.00

T1P5

31.57c

73.41b

69.37b

174.35

T2P1

36.13c

89.31a

86.39a

211.83

T2P2

47.32ab

82.34ab

74.34b

204.00

T2P3

37.31bc

69.89b

70.59b

177.79

T2P4

45.41ab

77.42ab

84.33a

207.16

T2P5

35.19c
12.42

78.73ab
11.94

184.13

KK (%)

70.21b
15.05

Description: T1 = Light textured soil, T2 = heavy textured soil. P1 = urea coated with activated
charcoal (120 kg/ha urea: 30 kg / ha AA); P2 = urea coated with activated
charcoal enriched with microbial consortium (120 kg/ha urea: 30 kg/ha AA +
consortic microbes); P3 = urea coated with biochar (120 kg/ha urea: 30 kg/ha
biochar); P4 = urea coated with biochar enriched with microbial consortium
(120 kg/ha urea: 30 kg/ha biochar + consortic microbes); and P5 = farmers'
methods.

CONCLUSIONS
Urea coated bybiochar and urea coated bybiocharenriched with
microbial effectively reduced chlorpyrifos residue in light-textured soil from
Magelang and heavy-textured soil from Pati. The clay content in heavy textured
soil from Pati increases the degradation process of chlorpyrifos in the soil. The
results of chilli successively from the highest are urea coated by activated
charcoal enriched with microbial consortia>urea coated by activated
charcoal>urea coated by activated charcoal> urea coated bybiochar enriched
with microbial consortia> farmers’ methods (in light-textured soil from
Magelang),while urea coated by activated charcoal>urea coated bybiochar
enriched with microbial consortia>urea coated by activated charcoal enriched
with microbial consortia>farmers’ methods>urea coated bybiochar (in heavy
textured soil from Pati).
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ABSTRACT
Wastewater volume growth is a challenge for most of developing countries and
there are several approaches to resolve the problem. But one of the most efficient
wastewater treatment method is constructed wetland. This technology clones the
processes in a natural ecosystem. The constructed wetland serves habitats for the wild
fauna and its substrate takes in similar microbial communities as a natural wetland
does. The constructed wetlands are efficient in treating a large scale of xenobiotics such
as pesticides or drugs because of a longer water cycle in the basin. By the way this
technology is cheaper than conventional analogues such as aeration tanks. The
constructed wetland forms a semi-natural microbial environment that contributes selfpurification processes in a recipient waterbody. The treated water issued from the
constructed wetland can go directly to a river or can be reused in forestry irrigation.
Such the systems constructed wetland-fast growing timber plantation have been
experienced. This kind of wastewater recycling is likely for the ASEAN countries for
climate and economical reasons.
Keywords: Wetland, wastewater

INTRODUCTION
Wastewater volume growth is a challenge for many countries and there
are several approaches to resolve this problem. However, one of the most
efficient wastewater treatment methods adopted is the constructed wetland.
This constructed technology approach clones the processes in a natural
ecosystem. The constructed wetland serves as a habitat for wild fauna where its
substrate takes in similar microbial communities as a natural wetland does. The
constructed wetland consists of amicrophyte community and an artificial
substrate that represents in most cases soil, sand, gravel or larger stones. The
microphytes that are usually introduced into constructed wetlands are in most
cases common reeds, cattails, bulrush and canna lilies.
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What is a constructed (treatment) wetland?
Constructed wetland refers to an artificial aquatic ecosystem and in its
treatment process does not use the same principals as treatment plants that
apply activated sludge. Constructed wetlands differ from other biological
treatment systems in that they have longer hydraulic cycles which allow for
better water contact and macrobiotic communities (Figure. 1).

Figure 1.Artificial aquatic ecosystem of wetlands
One of the most effective constructed wetlands is one with a horizontal
flow of water through a gravel load that is no more than 1.5 m deep with
moisture-loving plants placedin it. These include, for example, representatives
of the genera Phragmites, Scirpus and Typha. The main way in which
constructed wetlands differ from other landscape cleaning systems (lagoons,
after-treatment ponds, bioplato, irrigation fields) is the ability to: firstly, build
on or add some technical elements (aerators, pumps) whilst maintaining the
overall flow of the process as would occur in a natural landscape ecosystem;
and secondly, maintain a high water residence time (more than 7-8 days). The
technical components of the system enhance the recycling of the flow
(Shchegolkova, 2018).
The constructed wetlands for wastewater treatment require aspecific
range of processes that synergistically clear/clean the sewage. These processes
can be classified by:
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Plant uptake and storage
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Filtration
Settlementand Chemical,
Adsorption (ionic and covalent)
Oxidation
Reduction
UV degradation

The assemblage of microorganisms permits efficient nitrification and
denitrification in the wastewater. If aeration zones are provided forin the
wetland construction, the denitrification process is enhanced and produces
better conditions. Effective denitrification is the key process of purification and
helps to reduce the quantity of sludge.

Figure 2. Type of microorganisms
The constructed wetlands are efficient in treating a large range of
xenobiotics such as pesticides or drugs/medications because of a longer water
cycle in the basin. Furthermore, this technology is inexpensive over
conventional analogues such as aeration tanks.
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The constructed wetland forms a semi-natural microbial environment
that features self-purification processes in a recipient waterbody. The treated
water issued (effluent) from the constructed wetland should go into a river or
be reused in forestry irrigation. The use of this recycled water from the
‘constructed wetland’ can lead to fast-growing timber plantations as has been
experienced previously. The use of this kind of wastewater recycling is likely to
become the norm for the ASEAN countries for climate and economic reasons.

Figure 3. Self-purification processes in constructed wetlands
How to construct a wetland?
Different treatment plant designs have various advantages and
disadvantages. The free surface constructed wetland is the cheapest but less
efficient as compared to others. The hybrid type (combination of the two
subsurface CWs) is more efficient.
Surface flow Constructed Wetland is also known as free water surface CW
This is characterized by continuous flow and mainly used for the
tertiary treatment of municipal wastewater, storm water runoff, mine drainage
and agricultural runoff.
Sub-surface flow Constructed Wetland is also known as Reed Bed Treatment
System Intermittent Flow
This type of a constructed wetland is effective for the removal of
ammonia to reduce (BOD5) from domestic wastewaters and is the best for
wastewaters with relatively low solids concentrations which require relatively
uniform flow conditions. These kinds of treatment plants are relatively
expensive to construct and more difficult to regulate. The sub-surface flow
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constructed wetland generally incurs higher maintenance and repair costs.
Furthermore face clogging problems are common.
How efficient are the constructed wetlands?
The removal efficiency of a constructed wetland depends on several
factors and these are: location; climate (weather type); type of wastewater or
runoff input; wetland design; disturbance; and daily or seasonal variability.
The formula used for the calculation is as follows:
Removal efficiency = (1-

)* 100%

The efficiency of a constructed wetland depends on soil acidity and
wastewater quality. Soil acidity is widely recognized as affecting the availability
and retention of heavy metals, complex compounds and nutrients. The optimal
pH range for constructed wetlands is 6.5-8.5. Referring to the content of organic
matter, its concentration should be sufficient to feed higher plants and bacterial
communities, especially in the initial stages of constructed wetlands formation
and during periods in the active growing seasons (Shchegolkova, 2018).
How can we use the constructed wetlands?
The constructed wetlands are part of a natural ecosystem and their
effluent can be used in landscape management and forestry. For example, the
fast-growing timber industry can best utilize the treated wastewater from the
constructed wetlands (Anonymous, 2018).
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Constructed wetlands are nowadays regarded as a part of the natural
water cycle. If the treatment wetland is included in the water supply and
sewage systems, then the use of water in an urban zone becomes much more
efficient. Such a scheme can include short rotation forestry terrains and
contribute to more economically and/or profitable water use.

Figure 4. Water supply and sewage systems in the treatment wetlands
Innovative "secondary" treatment for wastewater systems reduces the
microbial load to acceptable limits, maximizing the release of useful substances
(e.g. nitrogen and phosphorus), which can be used in agroforestry systems to
provide nutrients and organic matter in the soil. According to this innovative
approach a methodology was developed by the University of Basilicata, Italy,
after testing was done on olive trees. From these previous pilot studies, it has
emerged that properly controlled modifications of a conventional treatment
plant, together with an accurate monitoring scheme which adjusts the provision
of organic matter and nutrients to the irrigated soil, is a cost-effective system. It
is one that maximizes the amount of “good” organic matter available for
irrigation, while minimizing health risks (Monteverdi, 2014).
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ABSTRACT
The article shows the results of joint research of scientists from Indonesia
(Udayana University) and Russia Federation (Lomonosov MSU and Water Problems
Institute RAS). Within the frameworks of the research, the water quality of natural
water bodies is explored in the Bali island. Initial data for investigation was taken from
state environmental reports. The main goal was to systematize data, find optimal ways
for data storage and representation and make an overview of water quality in Bali
island, to explore the spatial and temporal aspects. Database construction and
programming used Python to build GIS project to maintain the research. There are
concepts of workflow in the article and some primary conclusions concerning the
current monitoring system and spatial distribution of pollutants in river basins.
Keywords: water quality, monitoring, geographic information system, geographical
maps, pollutants

INTRODUCTION
The system of monitoring the quality of natural surface water is a set of
technologies for obtaining and processing data to describe the quality of natural
water bodies according to the list of parameters. It is critical that monitoring
routine ensure sufficient coverage and certain periodicity of observations. An
important purpose of monitoring is to measure major parameters of water
quality (Ministry of Technology UK, 1970), but also to identify the factors
causing changes in the natural objects, as well as the reasons of generation of
these factors. At the same time, in the field of natural resources management,
the purpose of monitoring is considered to be the information support of
decision making to decrease environmental risks and to mitigate impacts (S.
Behmel et al., 2016). It is important to note that, besides the practical goals,
monitoring allows to accumulate an array of data for scientific research.
Monitoring can be classified according to many criteria. Well-known
classification concerns the spatial coverage. Global monitoring involves the
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observation of processes or phenomena that have a global imprint. Regional
monitoring means observations of the territory with similar geographical or
socio-economic indicators. Local monitoring covers a relatively small area,
which has a certain set of anthropogenic impacts. There are also monitoring
systems covering the territories limited by administrative boundaries. Such
system can accumulate data about neighboring countries, countries themselves,
regions, provinces etc.
Water quality monitoring must be complex. Thus, monitoring of water
quality of a large river involves not only investigation of the whole catchment
area, but also inspecting quality of water, bottom sediments and precipitation.
The prior task for such investigation is to find out the sources of impact and
determine their features. Monitoring routine can include investigation of
physical factors (radioactive, electromagnetic, thermal, acoustic, vibration, etc.),
chemical factors (pollution by various substances), physical and chemical factors
(for example, the impact of acid rain on soil and water) (Timothy, 1987; Takeshi,
1988).
Sometimes it is sensible to focus on monitoring of individual industries
(for example, monitoring of ferrous or non-ferrous metallurgy, monitoring
agriculture, etc.). These types of human activity are specific, so they have a
certain row of pollutants and monitoring routine is aimed to detect substances
from a limited list.
Monitoring technology uses different methods of observation and
devices as well as various information technologies. Methods can be divided
into those that are implemented by means of sensory organs (perception of
smell, color, noise, comparative heat estimates, visual analysis of environmental
objects directly in nature or in images, etc.), and methods implemented on the
basis of technical devices which use different physical, chemical and physicochemical principles.
Monitoring routines use a wide row of modern methods including
analytical chemistry, as well as hydrological, geological, meteorological
techniques and many others are applied. The corresponding devices can be
placed on stationary and mobile technical means: on land they can be stationary
or field laboratories, can be set on self-moving or transported vehicles; there are
used vessels and floating devices for seas and also unmanned devices in the air
and Space.
All methods can also be divided into two groups: contact ones, which
implementation is carried out direct physical contact of the measuring device
and the controlled natural object in the natural state or in the form of a sample,
and remote methods. It should also be noted the current trends in the creation of
devices that simultaneously measure a certain set of characteristics of the object,
as well as current automation of the monitoring process.
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Information technologies of monitoring, depending on the goals of
monitoring, are used within the workflows of collection and primary processing
of data, their accumulation in databases, in the construction of various spatiotemporal prediction models (M. Khadr and M. Elshemy, 2017; Siyu et al., 2018),
when using geographic information systems (Zelhofer et al., 2007). They are also
used to build predictive scenarios, which may include draft decisions to reduce
damage to environment causing by current and future human activity. The
monitoring system should be designed in conjunction with communication and
data processing systems.
The essence of environmental monitoring is to establish cause-and-effect
relationships between the anthropogenic load and the state of ecosystems, as
well as the health of the population.
The creators and users of monitoring systems may be executive bodies
authorized to protect the environment and human health on behalf of the state,
municipal authorities, economic entities, scientific organizations, public
associations, etc.
The optimal construction of the environmental protection system of the
country should include the creation of a unified strategy for all monitoring
systems, the development of common monitoring standards, the exchange of
information, the creation of databases and their application in decision-making.
Unfortunately, often the construction of an optimal system of
monitoring of water objects is almost an impossible task, especially for
territories where environmental research is selective. For example, for the island
of Bali, Indonesia, the authors could not find lots of scientific research relating to
the assessment of the quality of the environment and, in particular, water
bodies. This may indirectly indicate that in this region insufficient attention is
paid to the problems of ecology and rational use of water resources. The similar
issues noted Stroma Cole (Stroma, 2012) in the article. There is also some
information in the book Ecology of Java & Bali (Anthony et al., 1996). Some
authors pay attention to agriculture impacts (Machbub et al., 1998).
However, the government conducts annual monitoring of the quality of
water. At the same time, it is quite difficult to make a comparison between the
defined indicators, since the materials presented in the annual reports are not
unified, often presented chaotically, they don’t cover each year for each
analyzed indicator. Moreover, the number of locations and the frequency is not
enough to get significant scientific results.
Therefore, an integrated approach to the processing of available data
seems necessary for the analysis of the state of the water bodies of Bali and for
making management decisions. This approach can be implemented in the use of
GIS, allowing to demonstrate the results of the monitoring and indicate the
missing layers of information, as well as the most disadvantaged areas of the
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study area. The suggested approach can be used even with insufficient data and
will help to upgrade the system of monitoring.
MATERIALS AND METHODS
In this project we have set several tasks. First of all, we need to look
through the source data and figure out the features of its processing in GIS.
Also, we need to obtain methods of data verification for further automated
processing of the environmental data. To define the best ways of data
representation we need to construct the user-friendly workflow and program
interface which allows to get map series based on data without learning theory
of geomatics and ArcGIS or some other GIS software. Finally, using created map
series we can analyze the environmental situation figuring out some spatial
regularities and dynamics within 10 years. It could allow us to characterize the
actual state of water bodies within Bali island and outline trends of human
impact on the environment.
Our research was based on State environmental data reports for Bali
island. The document includes the results of water sampling. This data refers to
the rivers, lakes, underground water and sea water. Each sample was analyzed
for a wide row of chemical and physical parameters. The total count of such
parameters is nearly 20. In addition, there is some metadata, e.g. time, date,
water body, longitude, latitude of the sample points.
The idea of the research is to get an automated workflow which can help
users to create maps without deep working in GIS software. Besides, it is critical
to use appropriate GIS-techniques within a workflow to get correct maps, so
that we could analyze them and make some decisions. To provide the workflow
with tools, which would preprocess and analyze data, we created some scripts
using the Python programming language Python 2.7. Particularly we used
several libraries for created scripts: arcpy, PyQt and some extra ones.
Arcpy is a python library which includes large set of ArcGIS tools. This
library is usually installed together with ArcGIS but also it can be utilized in
outstanding scripts. Arcpy is a key library for our project because it allows to
automate spatial data (often called geodata) manipulation and designing maps.
The tools from arcpy library were used to create geodatabase and datasets, to
import attributes, to locate points due to its coordinates in source, to perform
calculations. Other tools allow user to create map series with all cartographic
attributes, including title, scale and legend and to export it to external raster file
format.
PyQt is a library which was used to construct user interfaces for separate
parts of workflow. We have divided our workflow into 3 blocks: 1) creation of
the project, 2) Loading of the data, 3) Construction of the map or map series.
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Each block initially has at least one window by which user can select a file with
source data or choose chemical parameter from dropdown list etc.
The user can create a map using ArcGIS capabilities even without
opening it and that is very helpful for non-cartographers. Developed scripts also
allow to input new environmental data and verify it. For example, verification
finds the impossibility of entering some text instead of numerical value to
describe concentration. Another aspect of verification refers to the sampling
location. Each coordinate value compares with defined pattern and limits from
the north to the south and from the west to the east. If the value doesn’t suit, it
must be re-entered. All the described solutions help to avoid errors caused by
users and provide the automated data processing. Also, for source data we have
developed some conventions of representation in Excel.
RESULTS AND DISCUSSION
The results of the research can be divided into 2 parts. The first one is an
automated workflow. The screenshots below show the workflow (Figure 1). The
project can be deployed on the PC within 10 minutes. The input data is base
map which consists of appropriate shape files, and thematic data in Excel
format.

Figure 1. Window to select initial data for project.
Additionally, we can input data for a single sample and load it to the
project. Mapping is presented in two modes: single or batch. For single map the
user has to select a required data: year, units of territorial division
(administrative division or river basins) and particular chemical substance or
parameter. The result would be presented as a map and saved to the project
folder. The example of window for mapping is shown below in the figure 2. The
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examples of the maps would be further in the article. The batch mode allows to
create all possible maps (map series) via one click.

Figure 2. Window to select parameters for single map construction
With the help of developed tools, we have got a geodatabase containing
the data about the quality of water bodies within the Bali island. The database
includes quantitative indicators of water quality according to years, seasons and
different types of water, such as rivers, lakes, groundwater, sea water for 7 years
(from 2010 to 2017). By means of GIS-project we analyzed the maximum,
minimum and average values of indicators such as BOD, COD, biogenic
elements (nitrogen, phosphorus), dissolved oxygen and its range (min-max),
bacteriological parameters (total coliform bacteria), iron, copper, calcium and
other pollutants (zinc, chromium, cadmium, mercury, detergents, oil and other
pollutants fat).
There are some notices before map analysis. First, we found out that
some data can’t be located due to the errors in coordinates or their absence. So
not each sample from database was placed on the map. Another conclusion is
that there were different programs of water sampling and there is not enough
data to construct maps which illustrate the situation in the whole island, some
areas has value “No data”. In the following maps color of polygons (the river
basins or regencies) show maximum concentration of chemical substances or
maximum value of other parameters within the one year. Other maps devoted
to the lakes of Bali island show dynamics of maximum concentrations via
diagrams.
If analyzed such integral indicators as BOD, COD, DO, which
characterize the overall levels of water pollution and the possibility of selfpurification of the ecosystem, there can be seen a noticeable correlation (see
Figure 3). This may confirm the representativeness of the initial data on these
characteristics in the annual state report.
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Figure 3. Correlation between BOD, COD and DO
Naturally, the maximum values of bacteriological parameters fall on
densely populated areas of Kuta (Figure 4). Number of inhabitants and existing
anthropogenic load is an initial explanation which must be clarified within
further investigation. However, there is no data on Denpasar at all. Therefore, it
should be recommended that sampling of the data should take into account
possible sources of pollution and that maximum attention should be given to
the densely populated areas of the island.

Figure 4. Identified heterogeneity in pollution level of the island.
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Parameter is fecal coliform bacteria
Some maps indicate a strong pollution of rivers by organic compounds.
It can be noted that the high values of phosphorus in some areas in the eastern
part of the island. The phosphorus spatial distribution is similar to distribution
of various forms of nitrogen. As a result, conclusion about the most
environmentally unfavorable areas and high anthropogenic load can be taken
(Figure 5).

Figure 5. Identified heterogeneity in pollution level of the island. Parameters – a)
NO2-N, b) NO3-N, c) Total P
In addition, the change in concentrations of pollutants within the river
basin can be assessed by GIS application. It is easy to show on the map an
increase in NO3 concentration from the river source to the estuary. Thus, it is
possible to allocate sites on which there is a strong anthropogenic impact. For
example, having imposed on such map a layer with pollution sources.
By analyzing the maps obtained, we can distinguish four most
anthropogenically loaded areas. They are Kuta, Denpasar, Gianyar and the
western part of Tabanan. They have maximum concentrations of bacteriological
indicators, and of certain metals oxides (e.g. iron, manganese, zinc). The quality
of river water in these areas is worse comparing to neighboring plots and it is
necessary to pay additional attention when planning monitoring program to
this fact (Figure 6).
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Figure 6. The most polluted areas of Bali
CONCLUSIONS
As it is shown that the utilization of GIS allows to highlight the type of
pollution, to identify trends, to determine the basins of water bodies with
maximum anthropogenic load, to determine the place of priority measures to
improve the environmental situation.
Our GIS is now developing and in future we are planning to extend the
capabilities of the system. Nevertheless, it is very noticeable the lack of the data
and the lack of correct data. On the Figure 7 below it is shown that the same
source data (river samples for the 2014 year) could be interpreted differently
because of different units of territorial division – regencies and river basins.
Territories colored grey have no data about water quality. If we take river basin
division, it becomes obvious, that more than 75% of Bali island is unexplored.

Figure 7. Data representation for a) regencies, b) river basins
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Future development of the project depends not only on the program
capabilities and visualization, but also on the availability of representative data,
so we propose our GIS for input of the new data.
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ABSTRACT

Organochlorine insecticides including endosulfan are used intensively since
Indonesia’s ‘green revolution’ of the 1960s to 1980s, to reduce yield loss of food crops
due to pest incidence. As one of the persistent organic pollutants (POPs) compounds,
endosulfan residues are still found in rice fields to the present day although it had
already banned. Using organic matter such as biochar and farmyard manures is a
remediation strategy to reduce endosulfan concentration in soils. This research was
conducted in a greenhouse to determine the concentration of endosulfan residues in
paddy soils which applied a combination of farmyard manures and corn cob biochar. The
experiment was conducted with a completely randomized design including three
replicates and seven treatments that combined farmyard manures and corn cob biochar.
The 14-days old seedling of Ciherang variety was transplanted intopots weighing 13 kg
with paddy soils. Variables measured were grain yield, yield component, crop agronomic
growth, endosulfan concentration in soil, water, grains, microbial population, soil pH,
and redox potential. The combination of cattle farmyard manure and biochar with a 4:1
ratio reduced effectively the largest endosulfan residues in the panicle initiation growth
phase and maturity growth phase by as much as 68.1% and 62.8%, respectively,
compared with treatment of without soil amendment. The largest microbial population
in the panicle initiation growth phase was achieved by a treatment that combined cattle
farmyard manure and biochar with a 4:1 ratio. The combination of farmyard manure
and corn cob biocharreduced a significant amount of endosulfan in percolation waterand
rice grains. As well as functioning as a remediator, organic soil amendment which
consists of farmyard manure and corn cob biochar improves rice productivity
significantly by as much as 8–26%.
Key words: biochar, farmyard manure, endosulfan residue, grain yield
INTRODUCTION
Insecticide plays a role in increasing crop productivity such as
controlling harmful pests. The intensive use of insecticides for food crops
increased sharply during the‘green revolution’ of the 1960s that many countries
engaged in (Popp et al., 2013), including Indonesia. The government program of
providing subsidies of at least 80% enabled farmers to obtain easily available
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chemical fertilizers and pesticides. One such pesticide which was used
intensively by farmers as an insecticide was endosulfan which is characterized
as having active ingredients. Its toxic properties led to this insecticide being
prohibited from food crop cultivation since the 1980s,when the government
released Presidential Instruction No. 3/1986. However, some formulations with
active ingredientslike that appearing in endosulfan are found in agricultural
fields.
Endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano2,4,3-benzodroxathiepine-3-oxide) is an organochlorine insecticides that is still
detected on farming lands. Endosulfan belongs to the cyclodiene family of
compounds and acts to kill a wide variety of insects (Thangadurai& Suresh,
2014). Endosulfan is hydrophilic with a mass of 406,939 per mole, density of
1.745 g/cm3, melting point of 70-100 oC, and solubility in water of 0.33 mg/L.
Endosulfan consists of two isomers, namely α-endosulfan and β-endosulfan that
could be degraded into sulphateendosulfan and endosulfan diol (Weber et al.,
2010). Endosulfan exposure can cause acute and chronic risks to non-targets
such as birds, fish, livestock, and humans. Pesticides that are highly toxic (LC50)
are more poisonous to organisms (Taylor et al., 2003). Human exposure to
endosulfan can cause liver and kidney damage, nervous disorders, reproduction
and developmental problems (Houlihanet al., 2000; Thangadurai&Suresh 2014).
Endosulfan includes twelve compounds derived from persistent organic
pollutants (POPs) which were determined by the Stockholm Convention that
came into effect in 2004 (Li et al., 2011). As one of the POPs, endosulfan and
other organochlorine pesticides are relatively difficult to degrade and their
residues can accumulate in soil, water, and agricultural products
(Falahudin&Munawir, 2012). Endosulfan accumulation in soil, water, and
products will seriously endanger the environment and human health. People’s
health is disrupted by indirect interaction between POPs content in soil and the
atmosphere, biosphere, and hydrosphere (Li et al., 2011). The POPs’ fate and
distribution in rice fieldsis influenced by condition of soil moisture fluctuation,
and the photolysis and volatilization processes in soil. Dissipation oforganic
contaminants depends on soil particles’ binding and processes of photolysis,
hydrolysis, and volatilization (Roche et al., 2009).
In Indonesia, endosulfan still exists on agricultural lands with a
concentration of 5-13 ppb on land set aside for the cultivation of vegetables, and
in the 15.7-97 ppb range on rice fields. As much as 219.6 ppb concentration of
endosulfan has been detected in rice fields in the downstream Brantas
catchment area, and as much as 680 ppb in vegetable-growing land has been
detected in the upstream Citarum catchment area (Ardiwinata et al., 1997;
Ramadhani & Oginawati, 2009). Residues of endosulfan were also found in fish
(0.48-15.54 ppb) in the Citarum catchment area (Paramita & Oginawati, 2009), in
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which is a major rice-growing region of Central Java (Ardiwinata & Nursyamsi,
2012). Furthermore 3.6-13.4 ppb was found in salad vegetables in Cianjur, West
Java (Miskiyah & Munarso, 2009). According to Alberta Environment Canada
(2009), the maximum limit of endosulfan residue in soils should be 8.5 ppb.
Remediation of agricultural soils polluted by pesticide residues can be
controlled by using agricultural wastes and farmyard manures which serve as
adsorption agents. Agricultural wastes in surrounding rice fields are available
abundant such as rice husks, nut shell beans, corn cobs, corn stalks, sorghum
stalks, coconut shell, and palm bunches. In Indonesia, waste of corn cob is very
abundant and this linked to maize production, and in 2014 as much as
19.033.000 tons during 2015-2019. During this period the focus was ensuring the
maize production was as self-sufficient as possible (Ministry of Agriculture,
2015). Apart from being composted, agricultural wastes with high levels of
lignin can be used as materials for bio-charcoal or biochar through the process
of pyrolysis without oxygen (Glaser et al., 2002). Biochar has a role to play in
making sustainable agriculture, by increasing the available nutrients, retention
of water and nutrients (Nuridaet al., 2013), habitat of microorganisms (Ogawa,
1994), food crop productivity (Jones et al., 2012), carbon sequestration in soils
(Ogawa et al. 2006), and reduction of pesticides in soil (Hammes & Schmidt,
2009). Application of 0.4-8 tons biochar per hectare can enhance crop
productivity by as much as 20-220% based on the type of commodity (Gani,
2009). Biochar has many pores that provide an ideal microbial habitat (Santi &
Goenadi, 2010), including the potential of microbes to degrade pesticide
residues in soils.
Farmers had used manure in their farming systems previously before
the green revolution. Farmyard manures (FYM) are used to improve the soils’
physical, chemical and biological properties, increase fertilizer use efficiency,
and control the pollution problem (Wolf & Snyder, 2003). Animal manure
contains 40-60% C on a dry weight basis, and its application to land should
promote soil organic carbon sequestration and enhance microbial functions
(Johnson et al., 2007). According to Soejitno (2006), soil that is high in organic
matter can adsorb more pesticide residuescompared to soil with little organic
matter. The objective of this research was to determine the content of endosulfan
residue in soil and rice grains. It did this through remediation using a
combination of farmyard manures and biochar of corn cobs in paddy soils from
Jombang, East Java.
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MATERIALS AND METHODS
Location and time of research
This research was the second rice cropping season that continued the
first cropping season, the objective being to remediate paddy soil contaminated
by endosulfan residue. The experiment was carried out in a greenhouse
operated bythe Indonesian Agricultural Environment Research Institute at
Jakenan, Pati District, province of Central Java during November 2015 to April
2016. The experiment was conducted at the precise location of 6o46’29.8” S and
111o11”51.5” E with an elevation of 34 m above sea level. Sample of soil
contaminated endosulfan residue was taken in rice field at Plandi, Jombang
subdistrict, East Java.
Experimental design
The greenhouse experiment was arranged using a completely
randomized design with three replicates and seven treatments. The seven
treatments were as follows:
A0 =
A1 =
A2 =
A3 =
A4 =
A5 =
A6 =

Without applying soil amendment as control
Combination between farmyard manure of chicken and corn cob biochar with 4:1 ratio
Combination between farmyard manure of chicken and corn cob biochar with 4:2 ratio
Combination between farmyard manure of chicken and corn cob biochar with 1:1 ratio
Combination between farmyard manure of cattle and corn cob biochar with 4:1 ratio
Combination between farmyard manure of cattle and corn cob biochar with 4:2 ratio
Combination between farmyard manure of cattle and corn cob biochar with 1:1 ratio

The ratio for corn cob biochar to farmyard manure was based on
research resultsdocumented by Nuridaet al. (2013). Specifically, it was 1:4 and
2:4 by dry weight. Manure from cattle and chicken served as the composted
farmyard manure with C/N ratio = 20.
Procedures of greenhouse experiment
The composite soil samples from rice field contaminated endosulfan
residue were air-dried, ground and passed through a 2 mm sieve. The chemical
property of initial soil sample was pH-H2O 5.91±0.16, pH-KCl 5.67±0.11, low
organic C (0.88±0.04%), moderate cation exchange capacity (13.79±4.98 cmol/kg),
high exchangeable cations (K, Na, Ca, Mg with values of 0.63, 4.62, 24.34, 3.55
cmol/kg, respectively), low exchangeable aluminum (0.51±0.14 cmol/kg), low
exchangeable H (0.53±0.18 cmol/kg), P extracted by 25% HCl(3.84 g P2O5/kg),
and K extracted by 25% HCl(0.34 g K2O/kg). The soil samples were pre
dominantly clay fraction or clay textural class consisting of 23.13% sand, 8.89%
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silt, and 57.98% clay. The concentration of endosulfan in soil sample was 0.16
ppm and this was more than the maximum residue limit (0.0085 ppm).
A soil sample was put into each PVC pot (26 cm in diameter) that was 13
kg by dry weight. Each pot had a soil amendment applied to it, and this was
acombination of farmyard manure and biochar. The dosage was 2 ton/ha which
fit the treatments’ formulation. Soil amendment was incorporated into the soil
(Zhang et al., 2010) and mixed homogenously, and incubated for one week. The
pot’s soil moisture content was maintained in a submerged state during the rice
growth phase using a water-free contaminant whose concentration was less
than 0.0021 ppm (limit of detection for POPs compounds).
Two seedlings of the Ciherang rice variety were transplanted into each
pot two weeks after germination. The recommended fertilizer rates for N, P, K
were 138 kg N, 27 kg P2O5, and 60 kg K2O per hectare, respectively, which was a
specific fit for rice fields of Jombang. The N fertilizer was applied to three
stages, namely 1/3N before transplanting time, 1/3N at active tillering growth
stage, and 1/3N at panicle initiation growth stage. The P fertilizer was applied
once before transplanting time. The K fertilizer was applied twice, namely 1/2K
before transplantation and 1/2K at panicle initiation. The crop was intensively
maintained throughout this process.
Variables observed comprised crop agronomic growth, potential grain
yield, yield component, concentration of endosulfan residue in soil, percolation
water, grains, soil pH, redox potential, microbial population. The microbial
population was determined using the MPN method during the panicle initiation
growth phase. Variables of agronomic growth, i.e. plant height, number of
productive tillers, yield component and potential grain yield were measured
using the IRRI method. The concentration of endosulfan residue in soil and
percolation water was analyzed 7 days after applying soil amendment, the
panicle initiation growth phase, and prior to harvesting. Determination of
endosulfan residue in product referencesguide of analysis on pesticide residue
published by Pesticide Commission (1997). The concentration of endosulfan in
soil and product was determined using gas liquid chromatographyaccording to
the standard method SNI 06-6991.1-2004 and Pesticide Commission (1997),
while SNI 06-6990.1-2004 determines the amount of endosulfan in water.
Concentrations of endosulfan residue in samples of soil, water, and
crops werecalculated using the equation as advised by thePesticide
Commission(1997) as follows:

Residue =
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Note:
Residue = in ppm
Ac
= area of sample
As
= area of standard
Vic
= volume of sample injection (µL)
Vis
= volume of standard injection (µL)
Ks
= concentration of standard (ppm)
B
= early weight or volume (mg or ml)
R
= recovery (%)
Data analysis
The data collected was investigated statistically with analysis of variance
using the SAS program software. This was then continued with
Duncan’sMultiple Range Test (DMRT) at 5% to determine the significant
differences among treatments.
RESULTS AND DISCUSSION
Endosulfan residue in soils
High residues of organochlorine pesticides, including endosulfa were
detected in rice paddy soils in some areas of Jombang district. The concentration
of endosulfan residue in soil before remediation was 0.16 ppm, and this
concentration wasover the maximum residue limet (MRL)in soil, i.e. 0.0085
ppm. After harvesting the rice during the first cropping season, the
concentration of endosulfan residue in soil without applying soil amendment is
0.0182 ppm,whereas of the treatment that combined farmyard manure and corn
cob biochar ranged from0.0053–0.0089 ppm (Figure 1).
Following remediation, applying only soil organic amendment
significantly reduced endosulfan concentration in soil before harvesting time (p
= 0.056). Concentrations of endosulfan residue after applying soil amendment
consisting of farmyard manure combined with biochar on panicle initiation and
maturity growth phases were, 0.0021-0.0053 and 0.0032-0.0068 ppm,
respectively.Furthermore the concentrations of endosulfan residue when treated
without soil amendment were0.0067 and 0.0087 ppm, also respectively. The
concentration of residue after applying soil amendment was generally lower
than therecommended MRL in soil (i.e. 0.0085 ppm).
The smaller concentration of residue after remediation was achieved by
treatment that combined cattle manure and corn cobbiochar with a 4:1 ratio,
especially during the panicle initiation and maturity growth phases (Figure 1).
Treatment of cattle manure combined with biochar at the ratio of 4:1 effectively
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reduced the highest endosulfan residue during both panicle initiation and
maturity growth phases as much as 68.1%and 62.8%, respectively. This was very
comparable to the treatment without soil amendment (control).

Endosulfan concentration
in soil (ppm)

0.0250

0.0200

0.0150
MRLs= 0.0085 ppm

0.0100

0.0050

0.0000
T1

T2

T3

T4

Sampling time
A0

A1

A2

A3

A4

A5

A6

Figure 1. Dynamic of endosulfan residue in paddy soil treated with various
combination between farmyard manure and biochar, 2015-2016 (T1 = before
remediation, T2 = 7 days after applying soil amendment, T3 = panicle initation
growth phase, T4 = maturity phase or before harvesting time; A0 = without
applying soil amendment, A1 = Remediation with chicken manure and biochar
in 4:1 ratio, A2 = Remediation with chicken manure and biochar in 4:2 ratio, A3
= Remediation with chicken manure and biochar in 1:1 ratio, A4 = Remediation
with cattle manure and biochar in 4:1 ratio, A5 = Remediation with cattle
manure and biochar in 4:2 ratio, A6 = Remediation with cattle manure and
biochar in 1:1 ratio)
Application of farmyard manure combined with biochar generally
reducedthe amount of endosulfan residue existing in paddy soils. An organic
amendment such as composted animal manure and biochar provided some
functional groups (carboxyl, phenolic, hydroxyl) that adsorb endosulfan
compoundswithin their surfaces (Hammes & Schmidt, 2009). Referring to the
maturity growth phase, the concentration of endosulfan residue in soil was
larger than during the panicle initiation growth phase, despite its concentration
beingsmaller than the MRL. The high residue concentration is attributedby the
release of endosulfan compounds which bind weakly to the surface of soil
particles and organic materials in the rhizosphere. According to Handayanto
and Hairiah (2007), the rhizosphere of rice crop bacteria have the potential to
degrade residue pesticides, and this property is evident in such bacteria as
Agrobacterium tumefaciens and Bacillus sp.
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Reducing endosulfan residues in soil is possible using all treatments,
including the control or without applying a soil amendment. This reduction is
caused by strong adsorption by clay and microbial degradation. In the
rhizospehere of ricecrops, several microbes can use root exudates as an energy
source, including microbes that can potentially degrade pesticide residue. The
existence of microbes in the rhizosphere can also reduce endosulfan residue
where treatment does not involve soil amendment.
The amount of endosulfan in rice paddy soil significantly affects the
existence of bacteria in the regions surrounding the rice roots. Most bacteria and
fungi are capable of utilizing endosulfan as a sole source of carbon and/or
sulfur. Concentration of endosulfan residue in soil correlates negatively and
significantly with the total bacteria and fungipopulation. The significant
relationship is confirmed by p = 0.0001 for total bacteria and p = 0.006 for fungi
(Figure 2). The high amount of bacteria and fungi in the rhizosphere uces
significantly reduces endosulfan residue in paddy soils as demonstrated by
thelinear equation Re = -0.00003 B + 0.0106 (R2 = 0.4982, n = 21) for bacteria and
Re = -0.0001 F + 0.0071 (R2 = 0.335, n = 21) for fungi. In this context the following
apply: Re = concentration of endosulfan residue in soil; B = population of total
bacteria in soil; and F = population of fungi in soil (Figure 2). Some bacteria that
have the potential to degrade pesticide residue exist in the rice crop’s
rhizosphere, i.e. Agrobacterium tumefaciens (Thangadurai& Suresh, 2014) and
Bacillus sp.
Application of farmyard manure and biochar to soil generally increases
the population of total bacteria and fungi (Table 1). Farmyard manure and
biochar provide organic materials which use microbes as an energy source to
support their activity in degrading pesticide residues. One such bacteria that can
degrade organochlorine is Bacillus sp. Having a large population of total bacteria
and fungi in rice paddy soils is evident in the treatment when cattle manure and
corn cob biochar are combined at a 4:1 ratio (A4) (Table 1). The microbial
population generally is higher if the farmyard manure from cattle, rather than
chicken manure,is mixed with biochar.
General of Bacillus sp is one type of bacteria that is capable of degrading
pesticide compounds in soil. Harsantiet al. (2013) reported that the application
of active charcoal derived from corn cob increased microbial population in the
soil (range of 109-1010 colony-forming unit per g soil) compared with active
charcoal originating from other agricultural wastes (range of 108-109 colonyforming unit per g soil). Some bacteria that can degrade pesticide residues are
Citrobacter sp, Enterobacter sp, Azotobacter sp, and Bacillus sp. According toTaylor
et al. (2003), some bacteria that can also degrade endosulfan in soil are Klebsiella,
Acinetobacter, Alcaligenes, Bacillus, and Flavobacterium. Table 1 shows that the
highest population of Bacillus sp was achieved when treatment involved a
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combination of: firstly, farmyard chicken manure ken and corn cob biochar at
the ratio of 1:1 (A3); and secondly, farmyard cattle manure and corn cob biochar
at a ratio of 4:1 (A4).
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Figure 2. Relationship between concentration of endosulfan residue and microbe
in soil at panicle initation growth phase
Table 1. Population of bacteria and fungi in paddy soils at panicle initation
phase of Ciherang variety on various treatments of farmyard manure
combined with biochar, 2015-2016
Treatment

Bacteria*
(105 CFU/g
soil)

A0 = without applying soil amendment
A1 = Remediation with chicken manure and biochar
in 4:1 ratio
A2 = Remediation with chicken manure and biochar
in 4:2 ratio
A3 = Remediation with chicken manure and biochar
in 1:1 ratio
A4 = Remediation with cattle manure and biochar in
4:1 ratio
A5 = Remediation with cattle manure and biochar in
4:2 ratio
A6 = Remediation with cattle manure and biochar in
1:1 ratio
* Average from three replicates, CFU = colony forming unit

Bacillus sp*
(103 CFU/g
soil)

8.5

1

Fungi*
(104
CFU/g
soil)
0

10.5

5

0

19

2

0.5

13.5

13

0.5

30.5

13

4

23

2

1

21.5

2

1

Endosulfan residue in percolation water
Concentration of endosulfan in percolation water tends to decrease
during the panicle initiation and maturity growth phases. Furthermore its
concentration is extremelysmall (less than 0.006 ppm) in all treatments either
with or without soil amendment (Figure 3). Application of combined farmyard
manure and biochar significantly reduces endosulfan contentin percolation
water.
242

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345253

8.0

Endosulfan concentration
in water (ppb)

7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0
T2

T3

T4

Sampling time

A0

A1

A2

A3

A4

A5

A6

Figure 3. Dynamics of endosulfan residue in percolation water treated with
various combinationsof farmyard manure and biochar, 2015-2016 (T2 = 7 days
after applying soil amendment, T3 = panicle initiation growth phase, T4 =
maturity phase or before harvesting time; A0 = without applying soil
amendment, A1 = Remediation with chicken manure and biochar at a 4:1 ratio,
A2 = Remediation with chicken manure and biochar at a4:2 ratio, A3 =
Remediation with chicken manure and biochar at a 1:1 ratio, A4 = Remediation
with cattle manure and biochar at a4:1 ratio, A5 = Remediation with cattle
manure and biochar at a 4:2 ratio, A6 = Remediation with cattle manure and
biochar at a 1:1 ratio)
The existence of insecticide compounds in paddy soil and water is
affected by adsorption capacity of soil particles, soil organic matter content,
organic material input, soil property, and soil moisture content. Application of
organic matter to sub merged rice paddy soils might reduce soil acidity and
increase the surface negative charge of soil particles, enabling it to retain or
adsorb insecticide compounds. As the rice crop grows, the soil always remains
in a sub merged state and existing endosulfan residue in water tends to decline
during the maturity growth phase. Endosulfan that is binded weakly on soil
particles will be released into soil solution and percolation water, so that the
dissolved endosulfan concentration will increase. However, adding farmyard
manure combined with biochar can reduce dissolved endosulfan in water. This
results in the maturity phase concentration become relatively small. This finding
is similar with what was reported by Chou and Chiou (1997). They found that
the lowest concentration of volatile organic compounds occurred in the highest
moisture content in soil.
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Endosulfan residue in rice grains
The concentration of endosulfan in rice grains is smaller if farmyard
chicken manure is applied instead of cattle manure. As presented in Table 2
below, the concentration of endosulfan residue in grains when utilizing all
treatments is generally lower than the MRL (0.1 ppm). The highest
concentration is shown when treatment is a combination of cattle manure and
corn cob biochar at a ratio of 4:2 (A5), followed by treatment without soil
amendment or control (A0). This seems to suggest that the low endosulfan
concentration in soil treated with chicken manure is due to more endosulfan
being taken up by the rice crop and becomes translocated into the grains.
Table 2. Endosulfan residue in rice grains from various treatments of farmyard
manures combined with biochar, 2015-2016
Treatment

Endosulfan
concentration in
grains (ppm)

A0 = without applying soil amendment
0.0347 ab
A1 = Remediation with chicken manure and biochar in 4:1 ratio
0.0250 b
A2 = Remediation with chicken manure and biochar in 4:2 ratio
0.0223 b
A3 = Remediation with chicken manure and biochar in 1:1 ratio
0.0254 b
A4 = Remediation with cattle manure and biochar in 4:1 ratio
0.0342 ab
A5 = Remediation with cattle manure and biochar in 4:2 ratio
0.0384 a
A6 = Remediation with cattle manure and biochar in 1:1 ratio
0.0274 ab
MRLs of endosulfan
0.1000
P< Fr
0.0675
Coefficient of variance (%)
22.0752
Mean in same column followed by same letter is not different significantly according DMRT 5%

Application of farmyard manure and biochar reduces endosulfan
compounds in soil and subsequently the endosulfan uptake will be low. The
reduction of endosulfan in grains is attributed to weak retention between the
endosulfan compound and clay surface, adsorption on biochar andorganic
material derived from farmyard manure through van der Waals forces and
hydrogen bindings (Hammes & Schmidt, 2009). The small amount ofdissolved
endosulfan in soil decreases the translocationof endosulfan compounds into the
rice crop.Furthermore the concentration of endosulfan residue in rice grains is
smaller than 0.04 ppm (Table 2). Endosulfan absorbed in grains is lower than the
MRL (0.1 ppm). Although rice grains contain only small amounts of endosulfan,
its long-term accumulation in tissue can harmhuman health because endosulfan
is a POPs compound with toxic and persistent characteristics.
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Grain yield and growth of Ciherang
Application of farmyard manure combined with corn cob biochar does
not significantly affect crop growth, especially plant height and maximum
number of tillers. However, it will significantly influence the number of
productive tillers (p = 0.0029) as presented in Table 3. The plant height of the
Ciherang variety ranges from 93-98 cm. Number of maximum and productive
tillersranges from 25-29 tillers per hill and 22-26 tillers per hill, respectively. The
number of productive tillers that use a treatment combining farmyard manure
and biochar is higher than without soil amendment.
Table 3. Rice growth on various treatments of farmyard manures combined with
corn cob biochar
Plant height at
Tiller number per hill
harvesting time
Maximum
Productive
(cm)
A0
93.0 a
25.2 a
22.5 d
A1
94.9 a
27.0 a
23.5 cd
A2
94.0 a
27.5 a
25.7 a
A3
97.6 a
28.7 a
25.3 ab
A4
94.4 a
27.5 a
24.5 abc
A5
95.2 a
26.7 a
24.0 bc
A6
95.9 a
27.3 a
25.2 ab
P > Fr
0.5736
0.5276
0.0029
Coefficient of variance (%)
2.9704
7.1859
3.2885
Mean in same column followed by same letter is not different significantly according to
DMRT (5%)
A0 = without applying soil amendment (control), A1= Combination of chicken manure and
corn cob biochar at a 4:1 ratio, A2 = Combination of chicken manure and corn cob biochar at a
4:2 ratio, A3 = Combination of chicken manure and corn cob biochar at a 1:1 ratio, A4 =
Combination of cattle manure and corn cob biochar at a 4:1 ratio, A5 = Combination of cattle
manure and corn cob biochar at a 4:2 ratio, A6 = Combination of cattle manure and corn cob
biochar at a 1:1 ratio
Treatments

Yield component of the Ciherang variety is not affected by applying a
combination of farmyard manure and biochar, except weight of 1000-grains (p <
0.05) (Table 4). Grain yield is affected significantly by the application of organic
amendment in soil (p < 0.01). Application of farmyard manure combined with
biochar generally increases crop productivity by as much as 8–26%. The highest
grain yield was achieved by treatment where chicken manure and corn cob
biochar were combined at a ratio of 1:1 (A6).
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Table 4. Yield component and grain yield of Ciherang variety on various
treatments of farmyard manures combined with corn cob biochar
Treatments

Number of
total grains
per panicle
113.0 a
117.9 a
116.5 a
119.2 a
111.7 a
118.0 a
113.0 a
0.4336

% of filled
grains per
panicle
87.1 a
84.4 a
87.7 a
88.4 a
89.6 a
87.0 a
86.4 a
0.9097

Weight of
1000-grains (g)

Potential grain yield
g/pot

kg/ha

A0
22.83 b
50.64 c
9509 c
A1
23.44 ab
54.92 bc
10349 bc
A2
23.07 b
60.54 ab
11409 ab
A3
23.96 a
63.68 a
12000 a
A4
23.40 ab
57.29 b
10796 b
A5
23.30 ab
57.36 b
10809 b
A6
23.04 b
56.52 bc
10651 bc
P > Fr
0.0492
0.0086
0.0086
Coefficient of
4.3358
5.5709
1.6058
5.8657
5.8645
variance (%)
Mean in same column followed by same letter is not different significantly according to
DMRT (5%)
A0 = without applying soil amendment (control), A1= Combination of chicken manure and
corn cob biocharat a 4:1 ratio, A2 = Combination of chicken manure and corn cob biocharat a
4:2 ratio, A3 = Combination of chicken manure and corn cob biochar at a 1:1 ratio, A4 =
Combination of cattle manure and corn cob biocharat a 4:1 ratio, A5 = Combination of cattle
manure and corn cob biochar at a 4:2 ratio, A6 = Combination of cattle manure and corn cob
biochar at a 1:1 ratio

Soil amendment plays the role of a remediator of soil contaminants such
as pesticide residues, and it can improve the physical, chemical, and biological
fertilities in paddy soils. According to Peng et al. (2012), application of soil
amendment materials such as organics increases the parameters of soil quality
indicators such as soil aggregate, organic C content, total N, available K, CEC; it
also reduces bulk density and alkaline pH in soil. Adding farmyard manure and
biochar to soil facilitates roots’ penetration so that they can absorb available
nutrients for better growth. The existence of farmyard manure and biochar in
soils streamlines nutrient uptake by rice crops suitable for their requirements.
This means biochar helps to increase the efficiency of inorganic fertilizers and
grain yields of rice crops (Jones et al. 2012). Research results in south China
showed that applying biochar at a dosage of 10 and 40 tons per hectare
increased grain yields by about 12-14%, respectively, in soils without applying
N fertilizer. Meanwhile, these numbers were 8.8% and 12.1%, respectively, in
soil where N fertilizer was applied (Zhang et al., 2010).
The increase in grain yield in paddy soils from Jombang district through
the application of farmyard manure combined corn cob biochar was influenced
by roots’ effectiveness in absorbing nutrients that were translocated into plant
tissue and soil characteristics. Soil reacted with a pH level of 6-6.5 and available
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water during crop growth, and this supported the uptake of nutients and water
effectively (Figure 5). According to Haynes and Mokolobate (2001), submerged
paddy soils can increase the decomposition rate of organic matter and this
stimulates an increase in pH in acidic soils. The rise in soil pH occurred due to
an increase in negative charges on the adsorption surface that might provide
readily essential nutrients for crop uptake.
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Figure 5. Change of soil acidity (a) and redox potential (b) in rice rhizosphere,
2015-2016
CONCLUSION
•

•

•
•

•

After remediation of contaminated paddy soils, the lowest concentration of
endosulfan residue is achieved when treatment combines cattle manure and
corn cob biochar at a ratio of 4:1, especially during the panicle initiation and
maturity growth phases. This scenarioreduces the concentrations by about
68.1% and 62.8%, respectively, compared with treatment not using soil
amendment.
Application of farmyard manure combined with biochar generally increases
the total bacteria and fungi population in soils in the rice crop’s rhizosphere.
The microbial population tends to be high if composted cattle manure and
not chicken manure is used.
Application of farmyard manure combined with corn cob biochar reduces
endosulfan residue in percolation water.
Combining farmyard manure and corn cob biochar significantly reduces
endosulfan residue which is absorbed into rice grains, and its residue
concentration is smaller than MRLs (0.1 ppm). The highest reduction of
residue was achieved whentreatment combined composted cattle manure
and corn cob biochar at a ratio of 4:1.
Besides functioning as a remediator, farmyard manures and corn cob
biochar when combined significantly improved crop productivity by as
much as 8%–26%.
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ABSTRACT

Digital map of organic carbon stock in 30-cm soil layer of Russia was created
within the frameworks of FAO UN project "Global Soil Organic Carbon Map"
(GSOC17). Our objective was to develop and test algorithms for soil organic carbon
stock (SOC) mapping on the basis of information accumulated in the Information
System “Soil-Geographic Database of Russia”, i.e. vectorized soil maps, analytical
characteristics of reference profiles and results of monitoring surveys. Calculations of
the basic SOC map have performed in the form of synthesis of two types of source data: a
map of the entire territory of Russia based on the Soil Map of RSFSR at the scale of 1:2.5
M (ed. V.M. Fridland, 1988) combined with irregular grid of about 2000 soil profiles
and maps of several agricultural regions based on the large- and medium-scale soil maps
and a dense grid of regular soil observations. Both maps were merged in one layer by
superimposing more detailed maps over the map of entire territory. The SOC map for
forest litter was calculated on the base of previously published map adapted to the
GSOC17 requirements. The SOC map for muck and peaty horizons of semihydromorphic soils was calculated by using the averaged and expert estimations of stock
values. The final version of the SOC map of Russia is a per pixel sum of all above maps.
Our calculations indicate that the total carbon stock in 30-cm soil layer of Russia is
about 150 Pg, and nearly half of this stock (45%) is concentrated in organogenic
horizons.
Keywords: organic carbon stock, digital map
INTRODUCTION
Soils play a key role in the biogeochemical cycle of carbon. Carbon
reserves in soil are almost three times as much as those in vegetation and twice
as much as those in the atmosphere (Batjes, 1996; Smith, 2008; Zdruli et al.,
2017). Tentative estimates of the carbon stock in the 1-meter soil layer of the
Earth range from 1061 to 1576 Pg, i.e. may differ by 1.5 times (Milne et al., 2007).
Russia’s share in the global soil carbon stock is about 20% (Kurganova et al.,
2014). By increasing the quality of the estimates of total organic carbon stock
and shares of various carbon pools and their dynamics, we may significantly
contribute to research and prediction of climate change, prevention of
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desertification and development of regional and even continental level
strategies for sustainable development.
The Food and Agriculture Organization of the United Nations (FAO)
established the Global Soil Partnership project (GSOC17) to refine the estimates
of soil carbon stock. The specific goal of the project was to develop a Global Soil
Organic Carbon Map for a depth of 0-30 cm. Within the frameworks of this
project a map of Russia was produced that shows the soil organic carbon stock
within a 0-30-cm soil layer. It is not possible to compile a map based on the FAO
Guidelines (Brus et al., 2017) for such a country as Russia, with huge area and
extremely diverse natural conditions, without joint efforts of many academic
and applied research organizations. All organizations, which took part in the
project, are listed at the FAO web site (http://www.fao.org/global-soilpartnership/pillars-action/4-information-and-data/global-soil-organic-carbongsoc-map/gsocmap-contributors/en/).
There are several assessments of soil carbon stock in Northern Eurasia,
some of which are available as cartographic material (Rodin et al., 1965;
Bazilevich et al., 1986; Tishkov et al., 1995; Orlov et al., 1996; Rozhkov et al.,
1997; Full Carbon Account…, 2000, etc.). The soil carbon stock in the 0-100-cm
soil layer of Russia is estimated in a number of publications using various
averaging and extrapolation methods. These estimates differ by 10-30% (285–364
Gt), despite being based on almost the same original data. This is due to the fact
that there are limited number reference soil profiles that have complete data
sets, including bulk density values for horizons (Kudeyarov et al., 2007; Orlov et
al., 1996; Rozhkov et al., 1997;Schepaschenko et al., 2013; Stolbovoi, 2002;
Budiman et al., 2017, etc.). The main goals of the study wereto develop and test
algorithms for mapping soil organic carbon stock based on information
accumulated in the Information System «Soil-Geographical Database of Russia» (IS
SGDR); andto estimate proportions of basic organic carbon pools of the 0-30-cm
soil layer of Russia territory.
MATERIAL AND METHODS
General principles of mapping
In accordance with the FAO guidlines, the following characteristics of
original data are used in calculations:
a) organic carbon content in the 0-30-cm soil layer, % (for a soil profile or
polygon of soil map);
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b) bulk density of horizons in natural condition, g/cm3 (for a soil profile or
polygon of soil map); and
c) stone content, % or grades (for a soil profile or polygon of soil map).
The maps were proposed to compile using 1/120 angular degree grid
(approximately 1x1 km); the same format was proposed to use for an error map
– to assess calculation errors of the basic map (Brus et al., 2017).
The research was conducted using IS SGDR. This system permitted to
exchange with diverse soil data within a distributed network of soil data
processing centers and to use various types of information: vector maps of
different scales, analytic characteristics of soil profiles, results of regular
monitoring etc.
The carbon stock map is compiled by synthesizing several types of
original data:
a) Soil maps of the Russian Federation compiled using the Soil Map of RSFSR
at scale 1:2.5M (1988) (at present this is a soil map with the largest scale
available for the whole country compiled using the unified approach and
legend) combined with a sparse irregular grid consisting of about 2000 soil
profiles. In our calculations 25000 soil map polygons were used; the map
legend has more than 300 units. The carbon stock for each polygon of the
Soil Map of RSFSR was calculated considering only the type of the main soil,
associated soils were disregarded;
b) More detailed maps were compiled for several agricultural districts – two
administrative regions located in European Russia – using medium and
large scale soil maps and data of dense regular grid of agrochemical soil
observations. For these areas, data of recent soil research (dated 2012-2016),
as well as archive data (since the 1970s) were used. In total, more than 150
000 point data (dated 2012-2016) and more than 15000 map polygons were
used.
The maps a) and b) are combined in one soil organic carbon layer by
calculating values for the grid whose cell size was specified for each map and
then by superimposing more detailed b) maps over the a) map.
c) The map of forest litter carbon stock was prepared and adapted to FAO
requirements by D.G. Shchepashchenko based on an earlier publication
(Schepaschenko et al., 2013);
d) The map of carbon stock in organogenic horizons of semihydromorphic
soils.
The map of Russia was included in the global map GSOC17 as a sum of
all aforementioned layers (a+b+c+d). An error map was also produced for the
united layer (a+b).
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Original data for calculating organic carbon stock in soils
As mentioned previously, when compiling the basic map layer (a), soil
carbon stock is estimated using information from IS SGDR. We also had
information on about 2000 soil profiles, some of which lack bulk density data of
horizons. In order to ensure more comprehensive use of the data accumulated in
IS SGDB, additional research was conducted. As a result the bulk density of
mineral soil horizons was estimated using an equation proposed by Chestnykh
and Zamolodchikov (2004), which permits to predict the bulk density of soil
horizons depending on humus content and horizon’s depth:
BW= a1 – a2/(MID+a3) + a4/(HUM+a5),
Where:

BW – bulk density, g/cm3
MID – average depth of horizon, cm
HUM – humus, %

Calculation for soil groups, which we provisionally called Taiga, Meadow
and Steppe, were made using equation parameters listed in Table 1.
Table 1.Equation parameters
Soils
Taiga
Meadow
Steppe

a1
0.252
1.413
1.451

a2
9.110
27.045
13.137

a3
9.939
33.905
20.414

a4
110.999
2.390
0.012

a5
78.805
5.449
-0.177

Carbon stock in peat soils (Histosols) of bogs was assessed using the ash
content and bulk density of relevant peat varieties published in reviews (Table
2) (Carbon in Forest and Bog Ecosystems of Russia, 1994; Vomperskiy et al.,
1994; Inisheva et al., 2012).
A separate layer of organic carbon stock in muck and peaty horizons of
semi hydromorphic soils was produced. The lack of empirical data described
these horizons did not permit correct assessment of their variability. Therefore,
this layer was not considered in the error map.
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Table 2. Characteristics using for calculating SOC stock of Histosols
Characteristics
Ash content, %
Carbon content in organic matter, %
Bulk density, g/cm3

Highmoorbogs
3.5
55.5
0.07

Transitional Low-moor
bogs
bogs
7.5
20
56.0
55.3
0.09
0.13

Compilation of large scale maps of carbon stock in agricultural regions
For two regions of the chernozem zone in European Russia (Rostov and
Belgorod regions), where soils were historically strongly transformed by
agricultural practices, maps were compiled using a regular 30 angular minute
grid. This was implemented on the base of results of online assessment of
humus reserves calculated on digital medium and large scale soil maps, analytic
characteristics of reference soil profiles and data of regular agrochemical
research.
Several calculation methods for mapping were tested: using of archive
large and medium scale maps and data of analytic research of reference soil
profiles; using agrochemical monitoring data and expert assessments of soil
bulk density; using agrochemical monitoring data and soil bulk density
calculated via pedo trasnsfer functions (PTF). The final regional maps are
generated up-to-date carbon stock maps of agricultural lands superimposed on
a small scale map.
Error mapping
Since the map of soil carbon stock was compiled using different
approaches and methods, different approaches were employed for mapping
errors. For the most of Russia territory, the relative error of carbon stock in
layers beneath the forest floor is estimated for each legend unit. In this case, the
error was estimated as the quotient from dividing the standard deviation by the
mean, assuming the normal distribution. For some legend units, the relative
error of the estimate sometimes exceeds 200%. In areas with high density of
observation, a regression equation was used to calculate the bulk density. In this
case, the relative error of carbon stock estimates is around 25%.
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RESULTS AND DISCUSSION
Calculation of the bulk density of soil horizons
Some authors (Stolbovoi, 2002; Xu et al., 2015) speculated that one of the
reasons why the estimates of soil carbon pools have low accuracy is the lack of
the data on soil bulk density. In order to solve this problem, a number of
methods were proposed to fill this gap. Quite often for this purpose researchers
apply employ pedo transfer functions that permit to calculate the value of bulk
density using other soil characteristics that are available. PTF are empiric and
thus have a limited field of application. Everyone should be especially careful
when using them under conditions significantly different from those under
which they were obtained. Therefore, it is quite challenging to select PTF that
would permit for the least error in determining soil bulk density for a specific
region (Jalabert et al., 2010; Benites et al., 2007; Boschi et al., 2018, etc.).
The preliminary analysis of applicability of PTF proposed by various
authors (Hollis et al., 2012; Manrique et al., 1991; Chestnykh et al., 2004) for
calculating bulk density of soil horizons was conducted. It showed that the least
error was obtained when a five-parameter nonlinear function proposed by O.G.
Chestnykh and D.G. Zamolodchikov (2004) was used. The function reflects the
dependence of bulk density on humus content and depth at the middle of
horizon range, with equation parameters specific for various groups of soils.
The authors proposed to use different equation parameters for five groups of
soils. Since the method for soil grouping was not specified in the work, we used
a set of soil profiles included in IS SGDB and tested the applicability of these
parameters for different groups of genetically similar soils.
Our calculations showed that for soils, that were provisionally grouped
as Taiga (Table 3), the values of bulk density calculated by the aforementioned
equation with applying parameters for Taiga soils quite well matched the
experimental values. The data were tested for 301 horizons from 61 soil profiles.
The average relative error was around 15%. While for organic horizons (with
organic matter content more than 15% by weight) the relative error reaches 95%
(it ranges from 3.4 to 410.8%), the relative error is significantly lower in mineral
horizons (8.6%) (it ranges from 0.01 to 50.1%) (Figs. 1 and 2). The test showed
that the same algorithm could be also used when calculating the bulk density of
mineral horizons of other soils that provisionally were included in the group of
Taiga soils (Table 4).
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Table 3. Soils in group « Taiga» soils according to the Soil Map of the RSFSR
legend and approximate analogue in the WRB
Soil Map of the RSFSR legend
Iron-illuvial podzols, soddy podzols

WRB
Albic Umbric Podzols;
Albic/ Dystric Retisols

Podzolic soils

Albic Retisols

Soddy-podzolic soils

Albic/ Dystric Retisols

Gley podzols, gleyed soddy-podzolic

Histic Gleyic Podzols;

soils, peat and peat-podzolic gley soils,

Gleyic/Stagnic Retisols;

soddy gley soils, and mucky gley soils

Gleysols

Light gray forest soils, gray forest soils,

Albic Luvisols;

dark gray forest soils

Luvisols;
Luvic Phaeozems;
Greyzemic Luvic Phaeozems

Since it is generally unknown, whether a data set used to develop the
equation overlaps with the SGDB set, which we used to test the applicability of
PTF, or not, the latter was also tested on a data set that is known to be
independent. This set consists of soddy-podzolic, mainly slightly gleyic and
gleyic soils and of mineral horizons of several peat soils (Histosols), whose
organogenic horizons were not present in the set. The humus content in all
considered horizons was less than 6.8%. In total 125 horizons from 31 soil
profiles were analyzed. The average relative error for determining the bulk
density of these soils was 7.5%.
The similar algorithm was applied to a big group of humus-rich soils, that
included all variants of Chernozems and Kastanozems. Relative errors for all
data set (450 horizons) vary from 0.02 to 54.4%, with the average relative error is
9.2% (Table 4). The applicability of the equation and coefficients was also tested
for soils of this group using the independent data set – 307 horizons of 111 soil
profiles of Rostov region soils, including different chernozems, meadow
chernozems, meadow soils and alluvial soils. The average relative error is 7.6%.
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Figure 2. Relative errors of
organogenic horizons soil bulk
density obtained using «podzolic
soils» equation parameters

Table 4. Average relative errors of soil bulk density obtained using different equation
parameters
Average relative errors, %
Soils

Horizons
All

Organogenic

N
Mineral

Equation parameters «Taiga» soils

Retisols, Luvisols
Podzols
Cambisols
Entic Podzols

15.0
24.5
23.2
87.8

94.7
80.7
113.4
315.2

8.6
10.5
12.3
13.2

301
55
37
77

Equation parameters «Steppe» soils
Chernozems,
Kastanozems

9.2

427

Equation parameters «Meadow» soils
Phaeozems, Fluvisols

23.8

14.7

102

Somewhat worse results were obtained for a group, which unites
meadow floodplain soils (Phaeozems and Fluvisols) (Table 4). Therefore, it was
shown that for mineral horizons of soils provisionally united in the group of
Taiga and Meadow soils, as well as for all horizons of Steppe soils, calculation of
the bulk density of horizons by the indicated formula using equation
parameters specific for the given soil group produces satisfactory results.
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Map compilation
When compiling a SOC map based on Soil Map of RSFSR (1988), the
organic carbon stock in mineral horizons of soils considered above was
calculated using the bulk density of horizons obtained by the analyzed equation
(in case of the absence of direct measurements). For other mineral soils, bulk
density was obtained using statistically averaged rare empirical data or expert
estimates. Carbon stock in peat soils (Histosols) of bogs was estimated using ash
content, bulk density and carbon richness of relevant peat (Table 2). Then
organic carbon stock was calculated to a depth of 30 cm for each soil profile and
then these stocks were averaged for each legend unit.
In soil complexes, the carbon stock was calculated proportionally to the
number of soil units included in the complex. For complexes that included two
soil units, the share of the former was taken as 60%, while the latter, as 40%. In
three-unit complexes, the share of components was assumed equal to 34, 33 and
33%, respectively. When considering soil complexes with the presence of frost
cracks, the share of crack was taken as 25% based on the size of polygons and
cracks as cited in different sources (Boch, 1974; Karavaeva, 1969).
When compiling medium- and large-scale maps of agricultural regions
(Rostov and Belgorod regions), several approaches were tested that used
various volumes of original information and different calculation algorithms. At
the first stage, the mapping was made using a traditional expert approach based
on vector medium- and large-scale maps, characteristics of reference soil profiles
and generalized information about humus stock from reports of soil surveys
conducted by agricultural organizations. It was assumed that several specific
soil profiles were representative for a relevant mapping unit within the study
area. Maps compiled using a regular 30'-grid reflect the results of online
estimation of humus stock based on dense grid of humus content data collected
during agrochemical monitoring and then statistically averaged, expert’s or
calculated (using different methods) values of soil bulk density without
considering cartographic material. Different variants of mapping were tested:
with averaging data over all years of observation, with neighbors averaging
using variable radius, with calculation based on PTF. Analytic soil data of
reference soil profiles were used for verification of obtained maps.
Thus, based on all dataset of available information, both archive and
recent, up-to-date maps of soil carbon stock on agricultural lands of Rostov and
Belgorod regions were compiled. These maps were superimposed on a general
small-scale map.
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Ratio between carbon pools
All vector and raster map layers presented in ArcGIS v.10.1 project are
accessible by link:
https://drive.google.com/open?id=1QilNuRzjiHjZLCrxRBv9FeJnqJ3N46ZThe final basic map layer of Russia shows the organic carbon stock in
the 0-30-cm layer of mineral horizons of all soils and of peat sols of bogs
(Histosols). The total stock of organic carbon in this layer is estimated as 115 Gt,
including 84 Gt in mineral horizons and 31 Gt in the 0-30-cm peat layer (Table
5).
Carbon stock in forest litter of Russia ranges from 0 to 36 t/ha. The
maximum values are found for old-growth coniferous forest, often in poorly
drained soils. The total organic carbon stock in forest litter of Russia is estimated
as 15 Gt (Table 5).
The situation is more complicated with estimates of the carbon stock in
muck and peaty horizons of semi hydromorphic soils. The data in available
publications are quite variable: the organic matter content may reach 90%, while
the bulk density may vary from 0.4 to 1.1 g/cm3. Therefore, a separate layer of
the carbon stock in muck and peaty horizons of semi hydromorphic soils was
developed using statistically averaged data and expert data of carbon stock,
without any calculations based on organic carbon content and bulk density of
horizons. It is likely that carbon stock estimates in the layer are characterized by
maximum uncertainty among all considered pools. According to our
calculations, the total carbon stock in muck and peaty horizons of semi
hydromorphic soils of Russia is about 21.0 Gt (Table 5).
Table 5.Organic carbon pools structure in 30-cm soil layer of Russia
%
Soil organic carbon

Pg

Total

Organogenic
horizons

Total

151

100

Mineral horizons

84

56

Organogenic horizons, including

67

44

Histosols

31

20

46

Muck and peaty litter horizons

21

14

31

15

10

22

of semi-hydromorphic soils
Litter
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The final map of soil organic carbon stock represents a sum of all
described layers. According to this map, the organic carbon stock in the 0-30-cm
soil layer of soils of Russia varies from 0 to 330 t/ha, the overall organic carbon
stock is about 150 Gt.
CONCLUSIONS
While compiling a map of organic carbon stock in the 0-30-cm soil layer
of the Russian Federation, algorithms were developed permitting to use data
from multiple sources, having different spatial scale and spatially and
attributively sparse but which mutually complement each other with varying
reliability.
The availability of big data sets (dense grid of observations) permitted to
calculate statistically significant coefficients of pedo transfer functions as well as
to estimate spatially the calculation error. Technical solutions on organization of
calculation based on distributed (in the internet) network of data centers will
enable online calculation, including timely update of the results in case of
obtaining new information or refining of the existing one.
According to our estimates, the overall organic carbon stock in the 0-30cm layer of soils of Russia is about 150 Gt. Almost half of this stock is within
organogenic horizons (44%). Therefore, 44% of overall soil organic carbon is
represented by organic substances, which are unfixed or poorly fixed to soils
mineral components. The most decomposable pool – forest litter – could make
up to 10% of the overall carbon pool, i.e. being just slightly less of a quarter of
the carbon pool of organogenic horizons (Table 5). About 20% of the total soil
carbon stock (almost half of the pool of organogenic horizons) concentrates in
the 0-30-cm peat layer, while about 14% (31% of carbon stock in organogenic
horizons), in peaty and muck horizons of semi hydromorphic soils.So, most deal
of carbon stock of organogenic horizons is concentrates in wetland soils.
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ABSTRACT
Acid sulphate soil (ASS) have a large distribution in the world (107-108 ha) and in
Indonesia (6.71x 106 ha). ASS characterized by high concentration of Al 3+ and Fe2+ ions
and also high acidity resulted pyrite oxidation. The presence of these ions and lowering
of pH causes some problem such as loss of agricultural productivity and environmental
damage. To improve agriculture productivity, ASS requires remediation to minimize of
Fe and Al activity and to increase soil pH. One of remediation techniques is
microorganisms use (bioremediation). Bioremediation is a process that using living
organisms to decrease toxic elements. Phosphate solubilizing microorganisms (PSM)
remediate metal-contaminant in soil through decreasing metal toxicity by transforming
metal species into immobile form. Some compounds which are excreted PSM and play a
role in remediation are organic acid, exopoly saccharides and fosfatase enzyme. Organic
acids and fosfatase enyme inactivate Al3+ and Fe2+ through the process of chelate and
precipitate respectively. Absorption of H+ from solution by exopolysaccharides increase
soil pH. Another mechanisms remediation by PSM is its accumulation of metal
contaminated in cell surface. Decreasing of Al 3+ and Fe2+ activity and acidity can
increase agricultural productivity. This review is an effort to emphasize how PSM can
be used to remediate acid sulphate soil dominated by Al, Fe and SO 42-.
Keywords: acid sulphate soil, bioremediation, phosphate solubilizing microorganisms
INTRODUCTION
Acid sulphate soils are estimated to cover an area of 6.71 million
hectares in Indonesia. They are environmentally unfriendly soils if they are
disturbed or drained. The soil is characterized by the presence of pyrite (FeS2).
Under flooded environment, the pyrite is known to be stable. When water table
drops due to drought or drainage canal, the pyrite is exposed and oxidized. The
drainage generates acidification and also may be adverse effect on groundwater.
The oxidation of pyrite produces high concentration of ferrous ions, and
sulfuric acid, which in turn attacks clay mineral and produces high
concentration of monomeric aluminum and other acid-soluble metals.
Subsequent leaching of these toxic products into adjacent water bodies rapidly
increases the stress on ecosystem (Vuai et al., 2003).
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In the soil, metal ion such as Fe2+ and Al3+ cannot be degraded by
microorganisms. These ion can only be transformed into other form that do not
toxic for the plant and environment. Usually, the technique used for acid
sulphate soil remediation is amelioration by lime or organic materials that
known as chemoremediation. However, amelioration sometimes influences the
soil become very more acidic.
It is known, that some microorganisms are able to remediate degraded
land, increase land productivity and crop production. PSM is one of the
microorganisms that is able to inactivate heavy metal such as Al3+ and Fe2+ and
increase soil pH. Therefore PSM has good prospects for bioremediation of acid
sulphate soil.
PROBLEM ACID SULPHATE SOIL
Acid sulphate soils are difficult to be managed for crop production. It is
caused the pyrite oxidation in acid sulphate soils (ASS), produce high
concentration of strong acid (H2SO4) and Fe2+ in the soil. The acid reacts with
soil mineral and dissolves aluminum and other acid-soluble metals. The element
and compound resulted pyrite oxidation become suspended in the water when
the acid sulphate soil is flooded (Mustafa and Sammut, 2007). During rainfall,
they are flushed and discharged into terrestrial and aquatic environments (Vuai
et al., 2003). It depends on a number of factors, including exposure to oxidizing
condition, the nature and extents of the sulfidic characteristics of material, the
capacity to self neutralization and the buffering capacity of the receiving
environment (ENVIRONMENT, 2016).
The research in Okinawa Island shows that the runoffs were very acidic
with pH range of 2.87 to 4.29, and minimum values were close to the pH values
of the soil. The dominant species were SO42-, Al3+ and Fe2+ and also they were
well correlated with pH. The acidity of the runoffs caused dissolution of metals
in the following order Mn>Zn, Cu=Cd. The quality of runoffs was found to be
poor and mainly governed by the interaction of rain and soil. A comparison
between the stream waters collected during rain event and on fine day showed a
marked changes in stream water chemistry during rainfall as follows: alkalinity
was reduced by 3.7 times, sulphate concentration was increased by 3 times
whereas pH was decreased by 0.18 units (Vuai et al., 2003).
According to Mustafa and Sammut (2007), soil pH correlated with
available P in soil and concentration of Fe and Al. The decrease of soil pH
caused increase of soil Fe and Al but decrease of available P. It is caused the
available P precipitated by Fe and Al. The pKa of Al is 5 (Rosilawati et al., 2014).
When water pH was below, Al3+ will be activated.
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In agricultural practices, both of acidity and increased mobilization of
soluble metal commonly Al and Fe may result directly plant toxicity and
decreased of uptake and availability nutrient. According to Noor et al. (2012),
iron (Fe) toxicity is a major constraint in rice production that decrease yield due
to high level of soluble Fe. The level of Fe in a solution of ≥200 ppm Fe inhibited
plant growth. The higher Fe concentration in the soil solution, the plant height,
number of tillers, shoot and root dry weight decreased. The study from Fahmi
et al. (2009) showed that Fe concentration of acid sulphate soil to be not given
straw was 444 me/kg, while the one always given straw was 445 me/kg.
In the acid sulphate soil, Al3+ occur in high concentration which can be
toxic to plants. The critical concentration of Al3+ in water for rice growth is
15µM (Elisa et al., 2011). At high Al concentration, the root surface was
ruptured, leading to cell collapse.
MANAGEMENT OF ACID SULPHATE SOIL
The existence of pyrite in the topsoil is problem in managing the acid
sulphate soil. Soil and water management is important in the agricultural
development. The common acid sulphate soil management approach are
prevention and minimizing pyrite oxidation, neutralising acidity and managing
the movement/discharge of toxic oxidation products. Pyrite oxidation can be
prevented by placing sulphidic material under anaerobic condition. Some
technique for minimizing pyrite oxidation are shallow excavations and drainage
measures so the sulphidic material at deeper levels, avoiding lowering of
groundwater and/or surface water levels, and close the surface of acid sulphate
soils materials.
Neutralizing acidity and managing the movement/discharge of toxic
oxidation product are remediation technique for acid sulphate soil had been
oxidized. Dolomite, magnesite and hydrate lime are required to increase soil pH
and acid sulphate soil productivity. Acid sulphate soil productivity can also be
increased by managing water at the micro and macro level, fertilizer and
suitable variety (Suriadikarta, 2005).
Inundation of oxidized acid sulphate soil used freshwater or seawater
can improve chemical characteristic soil. Sea water plays role in leaching of the
pyrite oxidation product and as ameliorant. Seawater has the ability to extract
exchangeable acidity (Al3+ and H+) so that it come out from cation exchange
complex. The leaching by seawater with concentration 12.5% every 6 days for 8
times caused decrease Al3+ and H+ as much as 22.11 c mol(+)/kg and 5.18 c
mol(+)/kg respectively. In the contrary, exchangeable-Mg increase as much as
5.61 c mol(+)/kg (Lestari et al., 2015). Thus the effect of mineral enrichment,
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increase in soil pH and leaching and neutralization of toxic ions by seawater can
improve the chemical properties of acid sulphate soils that have oxidized.
PHOSPHATE SOLUBILIZING NICROORGANISME
Microorganisms are an important component of soil and directly or
indirectly influence the soil health through their beneficial or detrimental
activities. Rhizopheric microorganisms mediate soil processes such as
decomposition, nutrient mobilization and mineralization, storage release of
nutrients and water, nitrogen fixation and denitrification (Khan et al., 2007).
Phosphate solubilizing microorganisms are the microorganisms
possessing a phosphate-solubilizing ability which can convert the insoluble
phosphatic compound into soluble form in soil and provide them available to
the crop. They include bacteria, fungi and acinomycetes. Vazquez et al., (2000)
had been isolated phosphate solubilizing bacteria and fungi. Some bacteria such
as Bacillus amyloliquefaciens, Bacillus licheniformis, Bacillus atropheous, Paenibacillus
macerans, Vibrio proteolyticus, Xanthobacter agilis, Enterobacter aerogenes,
Enterobacter taylorae, Enterobacter asburiae, Kluyvera cryocrescens, Pseudomonas
stutzeri and Chryseomonas luteola. Burkholderia thailandensis, Spingomonas pituitosa
and Burkholderia seminalis are phosphate solubilizing bacteria from acid sulphate
soil (Panhwar et al., 2014). Fungi which have ability to phosphate dissolve are
Penicillium sp. and Aspergillus sp. (Sagala et al., 2015).
Low soil pH, especially acid sulphate soil contain low microorganisms.
Phosphate solubilizing bacterial population were found in rhizosphere and
endorhizosphere the higher compared with non rhizosphere. Population of
phosphate solubilization bacteria in acid sulphate soil was 0-1.2x107 CFU/g soil,
however fungi was 0.3-1.2x107 CFU/g soil (Dewi et al., 2017). Population of
fungi was higher than bacteria because the fungi more tolerant to acidity.
Phosphate dissolution by PSM can be occurred through chemically and
enzymatic processes. PSM solubilize of inorganic P by organic acid secreted,
while organic P is mineralized by phosphatase and phytase enzymes (Kumar,
2016). In addition to dissolve phosphate, organic acid can also inactivate Al3+
and Fe2+ through a chelating process. While the phosphatase enzymes inactivate
of Al3+ and Fe2+ through precipitation process.
BOREMEDIATION BY PHOSHATE SOLUBILIZING MICROORGANISMS
According EPA Guideline (2007), basic principle of acid sulfate soil
remediation are to avoid disturbing sulfidic material, neutralize acidity, dilute
acidic leachate before discharging, re-flooding, leaching and bioremediation.
Bioremediation is a remediation technique using microorganism to decrease or
inactivate toxic element.
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Microorganisms are intimately involved in metal biogeochemistry with
a variety of processes determining mobility and, therefore bioavailability. The
balance between mobilization and immobilization varies depending on the
organisms their environment and physicochemical condition. Metal
mobilization can arise from a variety of leaching mechanisms, complexity by
metabolites and siderophores and methylation, where the results in
volatilization. Immobilization can be resulted from sorption to biomass or
exopolymers, transport and intracellular sequestration or precipitation as
organic an anorganic compounds (oxalates fungi and sulfides). In addition,
reduction of higher valency species may affect mobilization eg. Mn(IV) to Mn(II)
or immobilization, or Cr(VI) to Cr(III). In the term of bioremediation,
solubilization of metal contaminants provides a means of removal from soil
matrices, such as soil, sediments, dumps and other solid industrial waste.
Alternatively, immobilization processes may enable metals to be transformed in
situ and are particularly applicable to removing metal from aqueous solution
(Gadd, 2004).
PGPB of the genus Bacillus, Stenotrophomonas and Burkholderia were
capable of reducing the effects of Al toxicity. The main mechanism involved was
the release of organic acids by PGPB that chelated Al. The common organic acid
released by bacteria were oxalic, citric, and malic acid. Organic acids are known
as Al-chelating molecules (Panhwar et al., 2015). According to Panhwar et al.
(2012), the phosphate solubilizing bacteria are able to produce organic acid such
as oxalic acid, malic acid, salicylic acid and propionic acid. Organic acids can
supply protons and anions that form complexes with metal. Citric and oxalic
anion can form stable complexes with a number of metals. Oxalic acid can form
stable complexes with Al and Fe (Strasser et al., 1994 in Gadd, 2004).

Figure 1. Mechanism of chelate formation by organic acids in the soil (Panhwar
et al., 2016)
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The PSB is not only excreted organic acids that inactivated Al an Fe via
chelation, but also increase soil pH in the level that precipitates Al as inert Alhydroxides (Shamshuddin et al., 2017). According to Panhwar et al. (2014), PSB
innoculation increased nutrient solution pH at different Al concentration in both
plant or non plant system (Figure 2). The isolates were able to produce
polysaccharides that might absorb H+ from the solution and increased pH
(Panhwar et al., 2015).

Figure 2. The effect of PSB inoculation on solution pH at different Al
concentration (Panhwar et al., 2014)
Application of amendments (GML and basalt), biofertilizer and their
combination reduced exchangeable Al and weakly-bound Al, on the other hand
increased strongly-bound Al (Figure 3). Lower values exchangeable Al and
weakly-bound Al were found in the bio-fertilizer in combination with GML
treatment. However, the highest strongly-bound Al was found in the biofertilizer in combination with GML treatment too.

Figure 3. Effect of applying GML (Ground Magnesium Limestone) and basalt, or
without bio-fertilizer on the form of Al in acid sulphate soil (Panhwar et al., 2014)
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Soil pH and P-available in acid sulphate soils increase due to
amendments (GML and basalt), biofertilizers and a combination of both. On the
contrary,it reduced exchangeable-Fe in acid sulphate soil (Table 1). Increasing
soil pH followed feri-fosfat solubility so that increasing available-P. Decreasing
exchangeable-Fe due to change in the form Fe2+ to Fe3+. According Basir Ciyo
(2000), the equition reaction is:
FePO4 + 2H+→ Fe3+ + H2PO41Table 1. Effect of applying GML and basalt, or withouth bio-fertilizer on soil pH,
available-P and exchangeable-Al in the acid sulphate soil

Treatment

pH soil

Available-P
(mg/kg)

Exchangeable-Fe
(cmol/kg)

Control

3.85 e

18.64 d

189

a

GML

4.62 d

19.83

c

86

c

Basalt

4.88 b

20.16

c

79

c

Bio-fertilizer

4.11 d

29.23 b

141 b

GML + Bio-fertilizer

4.85 c

33.74

a

67

d

30.26 ab

76

d

Basalt + Bio-fertilizer

5.15

a

(Sumber: Panwar et al., 2016),
The numbers within the same column followed by the differerent letter are
significantly different at p<0.05.
Panhwar et al. (2016) showed that application of bio-fertilizer, GML and
basalt, either alone or in combination increased rice grain and straw yield
(Figure 4). It showed that growth and productivity of rice in acid sulphate soil
increased. The reason for this is that soil fertility of acid sulphate soil improve
due to reduce Al3+ and Fe2+ activity.
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Figure 4. Effect of applying bio-fertilizer, GML and basalt, either alone or in
combination to grain and straw yield (Panhwar et al., 2015)

CONCLUSSIONS
The low of acid sulphate soil productivity is caused by high
acidification, low availability of macronutrient and the presence of toxic element
such as Al3+ and Fe2+. Microorganisms such as PSM can be used to remediate
acid sulphate soil. PSM have multifunction such as increase of P-availability and
soil pH, decrease Al3+ and Fe2+ activity. Increasing soil pH due to H+
absorbtion by polysaccharide caused precipitated Al3+ and Fe2+. Meanwhile,
organic acid excreated by PSM can form stable complex with Al and Fe.
Decreasing of Al and Fe activity can increase acid sulphate soil productivity.
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ABSTRACT

Rice is one of the staple foods in Indonesia that recently its production still has quite a
lot of problems, including limited land, low soil fertility, and declining crop
productivity. The experiment of path-rows planting system and direct seeded was
conducted to find out the productivity level of rice plant with different planting systems.
The design of experiment used on-farm research design by making observations on the
specified variable. The experiment of path-rows planting system and direct seeded
system was done in district Mojolaban, Sukoharjo Regency. On the system, plants are
grown using path-rows in 2:1 line model, square size 2.5 x 2.5 meter, plant spacing at
20 x 10 cm. Whereas, on the system of the crop planted, direct seeded with a distance of
20 x 20 cm. Samples were taken randomly (5 plants) and replicated 3 times. The variable
observed includes plant height, number of tillers, dry grain yield, and dry weight of the
milled grain. The data are analyzed using One Way Anova test. The results showed that
path-rows planting system can increase dry weight of the milled grain 45% and the dry
weight of the harvest grain by 10%, while the direct seeded system increased rice
productivity by 15% than the conventional cropping system.
Keywords: Path-rows, direct seeded, rice productivity
INTRODUCTION
Rice is one of the staple foods for most Indonesians has been receiving
serious attention since 1970. Indonesia has declared for rice self-sufficiency in
1984 with a production achievement reached 25.835 million tons. These
achievement can not be separated from various technological innovations that
have been implemented on programs of agricultural intensification and
extensification. However, to maintain its self-sufficiency, there are some
challenges such as unpredictable climate, pests and diseases, and soil cultivation
alternative, and conventional rice cultivation. Those challenges declined rice
production in 1994-1995, where we have imported 2.4 -2.9 million tons of rice.
Therefore, it is necessary to find technologies to improve the rice production.
The state of food in a country can be unstable if there is unbalance
between the needs and food availability. This is the reason why the cultivation
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of rice plant remains preserved despite various obstacles, from upstream to
downstream. Rice plant gets the main attention in the food crop cultivation.
Rice (Oryza sativa L.) is the main strategic commodity in Indonesia.
According to the Indonesia Statistic Centre (BPS) (2015), the rice productivity in
Indonesia increase about 6.42% compared to its productivity in 2014. However,
the increase of rice productivity still can not fill the food needs of Indonesia
society. Program solutions could be offered to increase rice production through
both extensification and intensification. Some technologies cap be applied
intensively, i.e. by using path-rows planting system and direct seeded system
that can increase the productivity of rice. This research aims to determine the
level of productivity of rice plants between path-rows planting systems and
direct seeded system.
MATERIALS AND METHODS
The research was conducted in August-November 2017 in Mojolaban,
Sukoharjo.
Intruments/tools used were the planter machine, gunny sacks, sprayer,
scythe, bamboo, rope raphia, stationery, and scales. Growers, sprayer, farming
tools, and scales. Materials used were rice seeds of Sidenuk variety, organic
fertilizer, chemical fertilizer (NPK), and pesticide.
This experiment was done by on farm research by observing the
specified variables. Sampling was done by square measurements, which is made
a plot area of 2.5 x 2.5 meters with a plant spacing of path-row20 x 10 cm so that
the number of plants were 156 plants. While planting seeds directly, which is
made a plot area of 2.5 x 2.5 meters with a plant spacing of direct seeded of 25 x
15 cm. Then from a sampling square was taken five plants randomly, used as
data with 3 times replication. The experiment parameters included plant height,
number of tillers, dry grain yield, and dry weight of milled grain. All data
obtained were analyzed using statistical analysis.
RESULTS AND DISCUSSIONS
Plant Height (cm)
Based on variance analysis, rice plants grown with path-row planting
system had plant height significantly different from direct seeded cropping.
Plant height in path-row system is higher (117 cm) than direct seeded cropping
system (72.6 cm) as presented in Figure 1. In general, rice plants grown at
narrow spacing experience a decrease in quality in their growth. The path-row
planting system provides a long aisle between crops that can provide a better
micro climate between plants and intensively utilization of solar radiation so
that plants can grow optimally. Several studies have shown that individual
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appearance of rice plants at wide spacing is better than narrow spacing (BPPP
Ministry of Agriculture, 2013).

Figure 1. Plant height of Sidenuk variety in path-row and direct seeded planting
systems
Number of tillers
The number of tiller per hill is one indicator of rice production. The large
number of shoots per clump determines the dry weight of harvested grains. The
results of variance analysis showed that the tiller number (27 tillers) in the pathrow planting system was significantly different with direct seeded system (23
tillers) as presented in Figure 2. This means that the formation of seedlings in
path-rows’s cropping system is 14.8% higher than in the direct seeded system.
Path-rows cropping system has advantages in increasing plant population. The
research results by BPTP Jambi (2013) showed that plant population in pathrows 2: 1 increased by 30%. The increase in the number of tiller per hill in the
path-rows planting system can be seen in Figure 2.

Figure 2. Number of tiller per hill in path-row and direct seeded planting
systems
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The wide spacing of path-rows system allows the reception of sunlight
and optimal absorption of water and nutrients in rice plants which encourage
the growth of shoots. This is in line with research conducted by the Ministry of
Agriculture's that the Inpari 9-Elo variety planted at a wide plant spacing (50x50
cm) can produce more than 50 tillers per hill with good vegetative vigor,
especially if the soil is sufficient water and nutrients. On the other hand, at tight
conditions (20x20 cm) only produces less than 20 tillers per hill.
Dry grain yield
The results of the variance analysis showed that the dry grain yield in
path-rows system was not significantly different compared to the direct seeded
system (F hitung< F table atau 0.583< 3.57). Path-rows system is able to provide
an increase of dry grain yield by 21%. This increase in production is in line with
research conducted in Jambi, which shows that the path-rows system provides
an increase in dry grain yield by 18% and research in Bejeng Subdistrict, Gowa
Regency, with the yield of dry grain reaching 8.5 tons / ha. This result is higher
than the production in the non- path-rows system, which is 6.36 tons / ha (BPPP,
2013).

Figure 3. Dry grain yield from different planting systems
Dry weight of milled grain
The result of variance analysis shows that the path-rows system
provides a significant increase in the dry weight of milled grain than the direct
seeded system (F hitung> F table atau 142,13> 4,64). (Figure 4.)
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Figure 4. Dry weight of milled grains in different planting systems
This increase in production is in line with the results of the
implementation of the path-rows system in Bejeng Sub-district, Gowa Regency,
which shows that the yield of dry weight of milled grain reached 8.5 tons/ha.
This result is higher than the production in the non- path-rows system, namely
6.36 tons/ha. The results of the study in Subak Dalam, Desa Wani, Krambinan
District, Tabanan Regency, Bali in the 2006 showed that the path-rows 2: 1
system improved the yield of Ciherang varieties, by 5.64 tons / ha or there was
an increase of 22.7%.
CONCLUSIONS
Differences of planting system will affect the growth and productivity of
rice plants. Plant growth (plant height) and rice productivity (tiller number per
hill, dry weight of milled grain, dry grain yield) in path-rows planting system
were higher than direct seeded system. The results showed that the path-rows
planting system could increase grain yield by 4.35 tons/ha or 46% compared to
the direct seeded system.
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ABSTRACT
Dry land of semiarid climate in West Nusa Tenggara is potential area for
shallot cultivation. However, its utilization has faced with various obstacles both
physically and economically, particularly on water limiting and pest/disease
controlling.. The objective of this research was to obtain the influence of water-saving
and foliar organic fertilizer on the productivity of shallot in dry land of semiarid climate
inWest Nusa Tenggara. The experiment was arranged by randomized block with split
plot design. The main plot was irrigation types (sprinkler and farmers practice; furrow
irrigation) and sub-plot was concentration of bio-urine as foliar organic fertilizer on 0
(control), 5%, 10% 15% and 20%. Data were analyzed using analysis of variance. The
results showed that shallot productivity was influenced by the concentration of bio-urine
application. Bio-urine at 15% concentration improved shallot yield from 19.7 tons/ha
compared to control (30.7 tons/ha (wet weight)). Thus, bio-urine can increase yield
about 63% compared to control. The optimum concentration of bio-urine to increase
yield of shallot was 12% which applied 3 times every week at 20-45 days after planting.
The amount of irrigation water during plant growth using sprinkler was 343.8 mm
which was less than farmer practice (furrow irrigation) and 84% water saving. It was
suggested that famers may apply bio-urine and use sprinkler irrigation system to
increase the yield of shallot in West Nusa Tenggata dryland.
Keywords: shallot, dryland, bio-urine, water saving, sprinkler irrigation, farrow
irrigation.
INTRODUCTION
The province of West Nusa Tenggara (NTB) is the third largest national
shallot producer area with a harvested area of 11,518 ha. The highest area of
shallot production is Bima Regency (8,027 ha) followed by East Lombok
Regency (1,156 ha) (BPS, 2015). Around 118,241 ha of potential area for shallots
cultivation in NTB, only 6.32% utilized by farmer (Nazam et al. 2012). More than
80% of area for shallot cultivation in NTB is dry land (BPS, 2015) and it could be
a good strategy to reduce poverty in NTB.
282

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR

Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345263

According to Mulyani and Hidayat (2009), the use of dry land,
quantitatively is potential and strategic way to support agricultural
development. But qualitatively, its utilization might face various obstacles for
both technically,socially and economically (Ma'shum 1997; Jensen et al., 2003;
Benzinger et al., 2006). There were some constraints in utilizing dryland for
shallot development area include limited water availability, relatively low soil
fertility,short and erratic rainy season periods (Debaeke and Aboudrare, 2004).
These conditions affect plant growth and low yielding (Abdurachman et al.,
2008; Mulyani and Hidayat, 2009; Utomo, 2002). Most of the dryland conditions
in NTB were characterized by a dry climate region such as D3 climate type (3-4
wet months and 4-6 dry months), D4 climate type (3-4 wet months and> 6 dry
months), E3 type ( <3 wet months, 4-6 dry months) and E4 climate types (< 3 wet
months and > 6 dry months) (Oldeman, et al., 1980).
Another obstacle in shallot cultivation is application of farrow irrigation
system which lead to water loss and high cost of labor. To increase efficiency of
water use, there is one method of irrigation in cultivation of shallot using
sprinkler irrigation system. Sprinkler irrigation has recognized as an advanced
irrigation technique that controls effectively and efficiently water supply. The
use of sprinkler irrigation is able to save water and irrigation application can be
carried out in accordance with the needs of plants (Kurnia, 2004; Li and Rao,
2003). However, the irrigation system for shallot cultivation has not been
studied detail and demonstrated at the farmer level,especially in NTB. Although
the amount of water irrigation in dryland farming system has limited, but
farmers practically irrigate shallot farm by farrow irrigation technique..
Therefore, it is very necessary to have an effective and efficient study on
sprinkler irrigation system which economically profitable, socially acceptable
and technically can be practiced easily.
Although shallot production can be increased through an efficient
irrigation system, it may also be increased by applying foliar organic fertilizer
such as biourine. Biourine is a fertilizing organic material derived from fresh
micro-organism fermented urine and faeces with additional nutrients using
nitrogen-fixing microbes and other microbial decomposers.bio-urine
administration in plants has been able to improve yields. The Assessment
Institute for Agricultural Technology could produce bio-urine. However, the
bio-urine has not been fully studied on the shallot production in NTB. The study
conducted in other regions also showed an increase in shallot production
(Wahyu, 2013; Perdana, et al., 2015). Sutari (2010) stated that biourine was
applied to plants during the growth period as they need more nutrients. Watersaving technology and bio-pesticide and bio-urine components are sufficiently
available in the Agricultural Research and Development Agency. However,
most of these components have not been assembled and combined in the form
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of technology packages which ready to be adopted by farmers. Therefore, there
is no site-specific technology package consist of irrigation, bio-pesticide and biourine which can increase shallot productivity. The objective of this research was
to obtain the influence of water-saving and bio-urine on the productivity of
shallot in dry land of semiarid climate of NTB.
MATERIALS AND METHODS
The assessment was conducted at farmer field in Labuhan Lombok
Village, Pringgabaya District, East Lombok Regency, which is a stretch of
dryland semiarid agro-ecosystem area and one of the shallot production centers
in NTB on June 2017. The study was designed for Split plot design with 2 main
plots (sprinkler and farmer practice (farrow) irrigation method) and sub-plot
was concentration of bio-urine (0, 5%, 10%, 15% and 20%) with three replication
at plot size of 100m2. Enriched organic manures with Trichoderm SP at 10 ton/ha
were also applied at the time of plowing soil. Shallot cultivation system referred
to the technical guidance on shallot integrated plant management (PTT)
(Sumarni and Hidayat, 2005). Bio-urine treatments were applied using sprayer
starting at 20 days after planting each week for 4 times. Sprinklers irrigation
treatment were set up for each plot and irrigated plant every two days
depending on soil moisture and plant growth. Farrow irrigation treatment were
applied according to farmer practice. Water mater was installed for both
sprinkler and farrow irrigation treatments in order to record water used for each
irrigation treatment.
Some parameters were measured during the experiment such as:
a. plant height and leave amount; measured at harvest. These parameters
were taken at 6 hills per plot
b. Fresh weight at harvest; was taken at harvest stage by sampling at 1m2 for
3 times each plot
c. Dry weight; all fresh sampling were sun dried for 10 days and weighed
amount
d. Amount of clove (tuber)/hill was measured at 6 hills/plot
e. Diameter of clove/hill
Data were analysed using analysis of variance (annova) using the
Genstat Software (Version 9.2.0.153, VSN International Ltd, Oxford). When one
or more treatments had a significant effect on a measured parameters, least
significant difference (LSD) was calculated to compare mean values of
treatments.
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RESULTS AND DISCUSSION
Soil and agroclimate characteristis of the site
Soil characteristics in the assessment site has shown in Table 1. In
general, the soil conditions in the study location are quite fertile in terms of
chemistry, where the nutrient content of phosphor and potassium were at a high
status, while the nitrogen status was low. The pH of the soil was in a range of
neutral to slightly alkaline. The ability of the soil to hold water in the study area
was quite low due to low clay content and soil organic matter. The percentage of
clay at the site was about 10% at 0-10 cm layer and decreases to 6% at a soil
depth of 20-40cm. The soil texture at the study site was regarded as sandy loam.
Thus application of farrow irrigation may less suitable in the location. However,
farmer has practiced farrow irrigation for long time.
The climate condition of the site has regarded as dryland and semi-arid
agro-ecological zone with annual rainfall was less than 1000 mm/year and was
grouped as climate type of D and E (Oldemen et al, 1980) (Figure 1).
Topography of the site was relatively flat with dominated by Entisols soil type.
Although annual rain fall was limited for crop to grow, there has a source of
irrigation water available that can be used for irrigation in this area called deep
water pumped. This pumped water usually used for irrigating crop at dry
season during April to November while during wet season of December to
March, water irrigation for crop was from rain fall.
Table 1. Soil physical and chemical properties of the experiment site
Soil
Layer
0-10
10-20
20-40
Soil
layer
0-10
10-20
20-40

pH- pHH20 KCl
pH-meter
7.95
6.52
7.91
6.51
7.97
6.71

EC
µS/cm
0.140
0.103
0.170

N
Total
%
0.250
0.167
0.120

Texstur (%)
sand
57
56
54

silt
33
36
40

clay
10
9
6

OrganicP2O5
CEC
K
C
Olsen
%
ppm
cmol/kg
0.807
58.87
18.83
2.73
0.602
52.30
16.37
0.77
0.273
41.80
19.40
1.33
Bulk
Wilting
Field
Water
Density
point
capacity
available
gr/cm3
% volume
1.08
11.29
29.19
17.90
1.1
13.23
28.83
15.60
1.08
10.98
24.93
11.95

Na

Ca

Mg

cmol/kg
3.70 13.63
1.77
8.73
2.03 12.43

3.60
3.13
3.57

Infiltration rate
cm/h
5.38
6.02
4.98

In Pringgabaya Subdistrict, there are 72 units of groundwater irrigation
development wells (P2AT) with varying discharge around 10-20 L / sec. P2AT
well can irrigate varied of land size in range of 15-20 ha. Cost for irrigating plant
vary starting from Rp. 30,000 to Rp 35,000 per hour and one ha of land may take
about 20-23 hours.
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Figure 1. Monthly average rainfall variation for 17 years (2000-2016) at
experiment site.
Bio-urine properties used
Biourine used was produced by Tunas Maju farmers livestock group,
Setanggor Village, Praya Barat sub-district of Centre Lombok District. Biourine
is a liquid organic fertilizer made from cattle urine through a fermentation
process. The biourin characteristics used in this study has shown in Table 2.
Animal manure is separated between solid waste to be used as raw material for
compost and liquid waste as a material for making bio-urine. The urine is then
fermented for 10 days. The fermenters used were Rumino bacillus and
Azotobacter, each with a dose of 1.25 ml/liter urine. The fermented urine is then
aerated to remove excess ammonia for 4 days and ready to be applied for crop
(Nazam et al 2017).
Table 2. Bio-urine characteristic used in this experiment
No Parameters
Composition
1
C-Organic
4%
2
N-total
1,05%
3
C/N ratio
7,40
4
K2O
1,31%
5
Fe total
148,24 ppm
6
Mn
10,89 ppm
7
Zn
3,26 ppm
8
Cu
0,73 ppm
9
Bacillus sp
3,10x104 CPU
10
Azotobacter
9,0x103 CPU
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Agronomic and yield parameters of shallot.
Shallot plant were harvested at 63 days after planting. The influence of
water saving and bio-urine as foliar organic fertilizer on agronomic parameters
of shallot has shown in Table 3. In general, both treatments of water irrigation
and concentration of bio-urine have varied effects on agronomic parameters of
shallot. The irrigation types (sprinkler and farrow) and concentration of biourine significantly effected fresh yield of shallot, although there was not
significant effect on the interaction of these treatments. Fresh yield of shallot
was higher at farrow irrigation type (29.47 ton/ha) than that of sprinkler
irrigation (26.14 ton/ha). This also indicated by there was significant effect of
irrigation types on water contents and plant height of shallot. However, when
the shallot yield were dried under sun for 10 days, dry yield was not
significantly different between sprinkler and farrow irrigation types. In general
practice, farmers usually dry shallot under the sun before selling to market due
to good price gained. Others parameters such as amount of hill/m2, amount of
leave/hill, tuber/hill and diameter tuber/hill were not significantly affected by
types of irrigation, indicating that the quality of shallot produced by sprinkler
irrigation may not be significantly different with farrow irrigation.
The influence of biourine on fresh and dry yield of shallot is shown in
Figure 1. Fresh yield was affected by concentration of bio-urine in both farrow
and sprinkler irrigation typed although there was no significant interaction
effect. The lowest yield of shallot was found at control (no biourine applied) ie
20.2 ton/ha and the highest yield was found at 15% biourine application. Yield
increased as concentration of biourine increased, then it was decrease at 20 %
although this was not significantly different with 15% or 10% of biourine
application. This trend of fresh yield was similar to the trend of dry yield of
shallot. Other parameters such as amount of hill/m2, amount of leave/hill,
tuber/hill and diameter tuber/hill were not significantly affected by
concentration of biourine. This indicated that the quality of shallot has affected
by application of biourine. Thus, It may be summarized that optimum
concentration of biourine to be applied to shallot cultivation is 12%.
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Table 3. Agronomic parameters of shallot as influence by irrigation and biourine concentration treatments in dryland and semi-arid of NTB
Hill/
m2

Fresh
yield
t/ha

dry yield
(t/ha)

%
water

Heig
ht
(cm)

Leave
amount/hi
ll

Tub
er/h
ill

tuber
diameter
(cm)

35.3

19.7

13.1

33.2

36.3

26.0

7.7

1.7

5

36.7

22.3

15.2

32.2

38.7

28.3

7.7

1.7

10

40.0

29.0

18.8

35.2

48.7

37.0

5.7

2.3

15

43.0

32.3

20.4

37.0

46.7

47.0

7.0

2.2

20
0

37.3

27.3

15.7

42.6

41.0

27.0

6.0

2.3

36.0

20.7

13.3

35.5

37.0

28.3

7.7

1.8

5

36.3

22.7

15.3

32.3

52.3

39.7

8.0

2.2

10

39.0

35.0

22.8

35.0

52.0

42.3

8.0

2.1

15

43.0

35.7

21.9

38.7

54.3

40.0

7.3

2.1

20
main
plot
(S)
Subplot
(U)

41.0

33.3

19.7

40.8

54.7

49.0

8.0

2.0

ns

*

ns

*

*

ns

Ns

ns

ns

***

***

ns

***

*

Ns

ns

SxB

ns

ns

ns

ns

**

*

Ns

ns

Biourine
(%)

Irrigation
types

0

Sprinkler

Farrow

F-test

35,0

y = -0,034x2 + 1,139x + 19,08
R² = 0,887

yield (t/ha)

30,0

fresh

25,0

optimum
concentration=12%

20,0

y = -0,044x2 + 1,152x + 11,75
R² = 0,828

15,0

dry
yield

10,0
0

5

10

15

20

25

concentratin of biourine (%)

Figure 1. Influence of biourine on fresh and dry yield of shallot in dryland of
NTB
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Water used during growth period of shallot
The amount of water applied during shallot growth period was
monitored using water meter tool which is shown in Table 4. The amount of
water needed by using sprinkler during plant growth (63 days) was 343.8 mm.
The amount of water is much lower when compared to farrow irrigation
practiced by farmers. It has recorded that there was 10 times irrigation applied
by farmer during shallot growth duration. Each time of irrigation needed about
22.5 hours/ha at flow rate of 7.9 liter/sec. Based on our calculation, that the
amount of water irrigation used during shallot growth period using farrow
irrigation was 631.8 mm (Table4). This shows that was 84% of irrigation water
can be saved by sprinkler type compared to farmer practiced.
Tabel 4. Water used during shallot growth period between sprinkler and
farmers practice irrigation types in dryland of NTB.
Growth stages
Soil wetting
Early growth
Optimum growth
Maximum growth
Mature
Total

Duration (days)
15
25
15
8
63

Sprinkler (mm)
64
88.4
93.5
77.7
20.2
343.8

Farrow (farmer
practice)
64
135
225
135
72
631.8

CONCLUSIONS
Productivity of shallots has influenced by the concentration of biourine
and irrigation types. Fresh yield of shallot was higher in farrow irrigation than
that of in sprinkler irrigation but this was not significantly different on dry yield
of shallot. Biourine was able to increase shallot yield from 20.2 tons/ha to 34.0
tons/ha of fresh weight at a concentration of 15%. This has increased by 63%. It
has suggested that the optimum biourine application to increase the shallot
yield is 12% in the range at 20-45 days after planting. The amount of water used
by sprinkler irrigation during plant growth (63 days) was 343.8 mm which was
lower than that practiced by farmers (631.8 mm). This shows that was 84% of
irrigation water can be saved by sprinkler type compared to farmer practiced.
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ABSTRACT
The reduction of the risk of agricultural failure due to climate change was
implemented in the NTB province through conservation agriculture (CA) with three
main pillars: minimum tillage or no tillage, continuously land cover crop and plant
rotation or intercropping. Conservation agriculture in the long term may improve yields
and simultaneously increase adaptation to climate change, especially in erratic rainfall
conditions. The objective of this research was to apply conservation agriculture
technology on dryland and semiarid climate type for maize cultivation through
participatory approach. There were 46 farmer groups with a total of 953 members have
involved to apply conservation agriculture through a field school approach. Each farmer
group developed a CA plot as a joint learning tool compared to farmer practices. Farmer
groups planted maize at all types of CA. This activity was conducted at 3 districts, 5
sub-districts and 9 villages in NTB province from 2014 to 2016. The average yield of
maize crops with conservation agriculture during the four planting seasons from 2014
to 2016 was 3.9 ton/ha with an increase of 77% compared to the harvest of maize by the
farmer practices (2.2 ton/ha). The average yield of maize in the rainy season of 2014 with
CA techniques was 4.3 ton/ha; this yield was increase by 68% compared to farmer
practice (2.6 ton/ha). In wet season of 2015, the average yield of maize with CA was 3.4
tons / ha and this was increased by 87% compared to farmers practices (1.8 tons / ha).
Similar trend was also found in wet season of 2016 where yield of maize increased by
63% compared to farmers practices. Thus, Conservation agriculture consistently
increased maize productivity and increased the income of farmers on uncertain climatic
conditions.
Keywords: Conservation agriculture, climate change, maize, field school, participatory
INTRODUCTION
West Nusa Tenggara (NTB) with a land area covered for about 2.01
million hectares, has 84 percent or about 1.8 million hectares of dryland (BPS,
2016). NTB has the largest dryland area in Indonesia after NTT. The dryland of
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NTB has not been used optimally to increase food production and so far the
Government prioritized to develop wet land which may spur the inequality of
farmer welfare in dryland.
Most of the land in West Nusa Tenggara Province, generally, is less
fertile which has various limiting factors (physical, chemical and biological soil)
that lead to low productivity (Ministry of Agriculture, 2009). Dryland required
site-specific management and technology to increase production. Revitalization
of policy and acceleration of dryland development may be a strategic option to
improve the welfare of rural communities as most of the poor people in NTB
live in the dryland and most of their livelihoods are dependent on agricultural
activities on dryland. The existence of the agricultural development program in
dryland would reach the poor community directly to improve their welfare.
Agriculture as a major source of livelihood in West Nusa Tenggara is
very vulnerable to climate change. Climate change is the most stressful factor in
decreasing productivity and production in the agricultural sector. Most dryland
area has been planted once every year on wet season due to low and erratic
rainfall. Food shortages especially in unfavorable seasons due to extreme
climate change becomes challenges in NTB and its impact on smallholder
households that have relatively limited land resources (subsistence).
Furthermore, the influence of climate change has exacerbated by lack of
sustainability land and crop management such as high erosion occurred,
intensive tillage, land clearing by burning and excessive use of chemicals
pesticide and fertilizers. This degradation of the land resource base has reduced
crop yields and productivity factor, which forced farmers, scientists and
development stakeholders to look for an alternative paradigm that is
ecologically sustainable as well as profitable. Another challenge for agriculture
is its environmental foot print and climate change. Agriculture is responsible for
about 30% of the total greenhouse gas emissions of CO2, N2O and CH4 while
being directly affected by the consequences of a changing climate (IPCC, 2007).
Sustainable crop production intensification must not only reduce the
impact of climate change on crop production but also mitigate the factors that
cause climate change by reducing emissions and by contributing to carbon
sequestration in soils. Intensification should also enhance biodiversity in crop
production systems above and below the ground to improve ecosystem services
for better productivity and healthier environment. A set of soil-crop-nutrientwater-landscape system management practices known as Conservation
Agriculture (CA) has the potential to deliver on all of these goals (Hobbs, et al.,
2012; Kassam et al., 2009; Friedrich et al., 2012).
According to FAO (2011), Conservation Agriculture (CA) is a farming
system that promotes maintenance of a permanent soil cover, minimum soil
disturbance (i.e. no tillage), and diversification of plant species. It enhances
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biodiversity and natural biological processes above and below the ground
surface, which contribute to increased water and nutrient use efficiency and to
improved and sustained crop production. CA is characterized by three linked
principles, namely: 1. Continuous no- or minimal mechanical soil disturbance
(i.e., no-tillage and direct sowing or broadcasting of crop seeds, and direct
placing of planting material in the soil; minimum soil disturbance from
cultivation, harvest operation or farm traffic, in special cases limited strip
tillage); 2. Permanent organic soil cover, especially by crop residues, crops and
cover crops; and 3. Diversification of crop species grown in sequence or
associations through rotations or, in case of perennial crops, associations of
plants, including a balanced mix of legume and non legume crops (FAO, 2011;
Friedrich et al., 2012).
Conservation Agriculture seeks to reduce risks due to extreme climate
change through reducing soil tillage or zero tillage, permanent land cover, and
crop rotation that may lead to increase population of soil organisms and organic
carbon (Corsi et al., 2012), reducing the use of chemicals pesticides and
fertilizers (Hobbs et al., 2012). Labor requirements are generally reduced by
about 50%, which allows farmers to save time, fuel and machinery costs
(Saturnino and Landers, 2002; Baker et al, 2007; Lindwall and Sonntag, 2011;
Crabtree, 2010). Fuel savings in the order of around 65% are in general reported
(Sorrenson and Montoya, 1984; 1991). Through this approach it is expected that
agricultural yields would increase the quality of land and water resources
(Laurent et al., 2011). The introduction of the principles and practices of
conservation agriculture to farmers and other stakeholders was carried out
through some stages, including training at provincial, district, sub-district and
farmers levels, practices and trials by farmers and field extensions. The
implementation of Conservation Agriculture in West Nusa Tenggara means to
increase maize production, improve soil structure and fertility. The objective of
this research was to apply conservation agricultural technology on dryland and
semiarid climate type for maize cultivation through participatory approach.
MATERIALS AND METHODS
The conservation agriculture (CA) was conducted in 2014-2016 in 3
Districts (West Lombok, East Lombok, and Central Lombok Districts) and in 5
sub-districts (Pujut sub-district of Central Lombok, Gerung and Lembar subdistricts of West Lombok Districts and Jerowaru and Pringgabaya sub-districts
of East Lombok District).
Conservation Agriculture was conducted by developing plots at the
farmer group level. The participatory learning process at the group level was
conducted through the Conservation Agriculture Field School (CAFS) where
each farmer group developed demonstration plots of CA with an area varying
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between 0.05 and 0.13 ha. Land preparation with the CA approach was carried
out in a participatory manner involving group members and local agricultural
extension officers. There were two CA methods involved (planting hole and
ripping) and farmer practices. The hole was made at dimension of 40 cm x 40 x
40cm and filled with 5 kg compost manures thoroughly mix with soil; planted
with maize at each corner of the hole. Ripping was made through ripping soil at
10 depth and filled compost manures. The CA methods were compare with
farmer practices. Maize cultivation technology in the field was referred to
integrated crop management (PTT) (Agricultural Research and Development,
2010). The processes of the planning, establishment, implementation, and
maintenance of the CA plots were conducted through participatory learning by
means of farmer field schools (FFSs) approach. Each farmer group has
conducted their trial for FFS.
Each group of farmers held regular meeting for 9 times (2 times a week)
in one planting season to observe, study and record changes that occurred in the
CAFS sites. Agronomic observations were carried out in a participatory manner
with farmers include observing vegetative and generative growth, and
harvesting of maize plants. Data from observations were analyzed using
descriptive and statistical methods. Survey was conducted to obtain to what
extent of farmers understanding and their perception on CA practice. There
were 100 participants of farmers cooperator and 11 non participants (non cooperator) were sampled.
RESULTS AND DISCUSSION
Land Characteristicts
The selection of the three locations was based on 3 different agroecosystems where the CA location in West Lombok District represents the
agroforestry agro-ecosystem. Maize was planted on undulating to hilly land
with a slope of 10-25%. The main crops on the land are wood trees planted on
the smooth and bench terraces while maize was planted on the terraced land.
Site of CA in Central Lombok district represents rainfed agro-ecosystem with a
cropping index of 100 to 200 per year. In rainy season (wet season) the land was
planted with rice with a no-tillage system (TOT). Land in second planting
season (dry season) was planted with maize as soil moisture highly available.
Site of CA in East Lombok district represents dryland and semi-arid agroecosystem. Planting maize was conducted once year in rainy season starting
from December to March.
Monthly rainfall distribution for 13, 65 and 8 years for the Lembar, Pujut
and Pringabaya sub-district respectively are shown in Figure 1. The amount of
rainfall in average year for the three locations is 1429 mm, 1626 mm and 754 mm
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for Lembar, Pujut and Pringgabaya, respectively. The lowest rainfall occurred in
Pringgabaya and the highest in Pujut sub-district. Results of analysis on rainfall
data indicated that farmers may be suitable to start planting crop on November,
December and January for Pujut, Lembar and Pringgabaya sub-district,
respectively.
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Figure 1. Distribution of average monthly rainfall for Lembar (13 years), Pujut
(65 years) and Pringgabaya (8 years).
Participatory CA trial
Land size distribution for CA trials in each district is shown in Table 1.
Land site for farmer practices as control trials (non CA) was adjusted to CA plot
trial. The number of farmers involved in CA trial was 944 person and total land
size engaged for both CA was 6.54 ha. Land characteristic and member farmers
involved in each location was vary due to the willingness of farmers to
participate in conservation agriculture trial. The number of farmer groups
involved in FFS was 43 and total farmers was 944.
Productivity of maize at CA and non CA treatments for FFS during
three consecutive years of wet season (WS) 2014/2015, WS 2015/2016 and WS
2016/2017 is shown in Figure 2. In general, CA practices influenced productivity
of maize in all years and all locations compared to farmer practices. Maize
productivity was higher at CA treatment than that non CA treatment. In wet
season of 2014/2015, productivity of maize at CA treatment increased by 53%
compared to farmer practice.
In wet season of 2015/2016, yield of maize decreased for both treatment
of CA and non CA compared to wet season of 2014/2015 and 2016/2017. This
was due to elnino year occurred in 2016 that influence the yield of maize (data
not presented). However, yield of maize in CA treatment was significantly
higher than that of non CA treatment in an elnino year. This indicated that
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maize cultivation could be more tolerant to drought due to limited rainfall
(elnino) in CA practices compared to farmers practices.
Table 1. Distribution of land for CA and non CA trial for FFS at three district in NTB.
District

Sub-District

Villages

Farmer
groups

Farmers
group
members

CA

Lembar

Mareje Timur

11

184

0.77

0.77

Jembatan
Gantung

2

36

0.07

0.07

Giri Tembesi

1

20

0.04

0.04

Lombok Barat
Gerung

Plot size (ha)
Non CA

SubTotal

2

3

14

242

0.9

0.9

Lombok
Tengah

Pujut

Sukadana

9

181

0.78

0.78

SubTotal

1

Pengengat
2
Gunung
Malang

3
12

72
277

0.09
1.7

0.09
1.7

5

76

0.50

0.50

Sekaroh

7

207

0.33

0.33

Pemongkong

3

86

0.24

0.24

Ekas

2

56

0.11

0.11

4

17

425

1.2

1.2

3.27

3.27

Pringgabaya
Lombok
Timur

SubTotal
Total

Jerowaru

2
5

9

43

944

In wet season 2016/2017, yield of maize was consistently and
significantly higher in CA practices than in non CA practices. The highest yield
of maize during three year trial occurred during the wet season 2016/2017 for
both CA and non CA practices. This was due to the favorable environment of
maize to grow in higher rainfall (data not presented).

Figure 2. Productivity of maize at CA and non CA treatments for three
consecutive years trial in wet season (WS) 2014/2015, WS 2015/2016
and WS 2016/2017.
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Adoption and scale up of CA practiced by farmers
Adoption and scale up of CA practiced by co-operator farmers and non
co-operator in three districts during three implementation of CA is shown in
Table 2. In general, farmers were very enthusiasm in adopting the CA practices.
The result of survey has also underlined farmer’s participation and proactive
action to adopt appropriate conservation agriculture technology and practices
by resource-poor smallholder farmers through community-based participatory
extension approaches has led them to better agriculture practices.
Table 2. Adoption and scale up of CA practiced by farmers in three district
locations.
CA cooperator

CA
non
cooperator
Farmers size
number (ha)

Total
adopters

Total
land
(Ha)

2

100

15

6

0.9

12

1.65

23.55

50

11.54

221

35.09

40

22.3

20

0.9

60

23.2

363

218

50.02

80

16.94

298

66.96

956

515

109.62

176

32.28

691

141.9

Farmers
number

Districts

Sub-district

Lombok
Barat

Lembar

237

80

13

20

Gerung

20

6

0.75

277

171

59

Lombok
Tengah
Lombok
Timur

Pujut
Pringgabaya
Jerowaru

Total

5

Farmers
number

size
(Ha)

CONCLUSIONS
Conservation agriculture consistently increased maize productivity and
increased the income of farmers on uncertain climatic conditions. Maize
cultivation was more tolerant to drought condition due to elnino in CA practices
compared to farmer practices. Farmers were very enthusiasm in adopting the
CA practices. Farmers have high participation and proactive action to adopt
appropriate conservation agriculture technology and practices by resource-poor
smallholder farmers through community-based participatory extension
approaches which has led them to better agriculture practices.
ACKNOWLEDGEMENTS
This manuscript is part of a research project that was funded by the FAO
entitled "Reducing Disaster Risks Caused by Changing Climate in Nusa
Tenggara Barat and Nusa Tenggara Timur Provinces in Indonesia
(OSRO/INS/301/USA)”.

298

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345264

REFERENCES
Agricultural Research and Development. 2010. Pengelolaan Tanaman Terpadu
Jagung. Badan Penelitian dan Pengembangan Pertanian. Litbang press
BPS. 2016. NTB Dalam Angka. Badan Pusat Statistik NTB.
Baker, C.J., Saxton, K.E., Ritchie, W.R., Chamen, W.C.T., Reicosky, D.C.,
Ribeiro, M.F.S., Justice, S.E., Hobbs, P.R.. 2007. No-Tillage Seeding in
Conservation Agriculture – 2nd edn. CABI and FAO. 326 pp.
Corsi, S., Friedrich, T., Kassam, A., Pisante, M., de Moraes Sà, J. .2012, Soil
organic carbon accumulation and greenhouse gas emission reductions
from Conservation Agriculture: A literature review. Integrated Crop
Management Vol. 16, FAO, Rome, Italy. 89 pp.
Crabtree, B.. 2010. In Search for Sustainability in Dryland Agriculture, Crabtree
Agricultural Consulting, Australia. 204 pp.
FAO. 2011. Save and Grow, a policymaker’s guide to sustainable intensification of
smallholder crop production, Food and Agriculture Organization of the United
Nations, Rome. 116 pp.
Friedrich, T. Derpsch, R., and Kassam, A.H.. 2012. Overview of the Global Spread of
Conservation Agriculture. Field Actions Science Reports [Online], Special
Issue 6 | 2012. URL : http://factsreports.revues.org/1941
Hobbs, PR., Sayre, K. and Gupta R. 2008. The role of conservation agriculture in
sustainable agriculture. Phil. Trans. R. Soc. B 363, 543–555.
doi:10.1098/rstb.2007.2169
Kassam, A.H., Friedrich, T., Shaxson, F., Pretty, J. .2009. The spread of
Conservation Agriculture: justification, sustainability and uptake,
International Journal of Agricultural Sustainability 7(4):1-29
Laurent, F., Leturcq, G., Mello, I., Corbonnois, J., Verdum, R.. 2011. La
diffusion du semis direct au Brésil, diversité des pratiques et logiques
territoriales: l’exemple de la région d’Itaipu au Paraná. Confins 12 [online].
URLhttp://confins.revues.org/7143
Sorrenson, W.J., Montoya, L.J.. 1984, Implicaçoes econômicas da erosao do solo e de
practices conservacionistas no Paraná, Brasil, IAPAR, Londrina, GTZ,
Eschborn. 231 pp.
Sorrenson, W.J., Montoya, L.J.. 1991. The economics of tillage practices, in: R.
Derpsch, C. H. Roth, N. Sidiras, U. Kopke, Controle da erosão no Paraná,
Brasil: sistemas de cobertura do solo, plantio direto e preparo
conservacionista do solo, GTZ, Eschborn, pp. 165 -192.
299

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345265

Innovation of charcoal fused technology to increase the production of plants,
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ABSTRACT
Integrated charcoal is a technology that is done in an integrated manner in the
process and the application. Charcoal is an innovation of environmentally friendly
technology that can be applied to the community by utilizing various types of biomass
waste as raw materials contained in the surrounding environment. Integrated charcoal
technology (TAT) will produce charcoal, bioactive compost charcoal (arkoba) and liquid
smoke, which can replace the existence of chemical fertilizers and pesticides. Integrated
charcoal products (arkoba and liquid smoke ) can support organic, safe and healthy
cultivation system. Arkoba is given at the beginning of planting, while liquid smoke is
given once a week. Several application trials of integrated charcoal products on various
types of crops, both agricultural crops, plantations and forestry crops, provide better
results than using chemical fertilizers and pesticides. The integrated charcoal product
will certainly be very profitable for farmers, because it is easy and cheap to apply, as well
as very beneficial to the environment, because it will reduce pollution due to excessive
use of chemical fertilizers and pesticides. This paper presents a review of integrated
charcoal technology and application in rice plants. important to be disseminated as
beneficial to society and environment.
Keywords: integrated charcoal, arkoba, liquid smoke, plants, safe, healthy
INTRODUCTION
Integrated charcoal is a technology with an integrated mannerin the
process and application. It is an environmentally friendly technological
innovation that can be applied to the community by utilizing various types of
biomass waste as raw materials contained in the surrounding environment
(Gusmailinaet al., 2017a). From integrated charcoal technology (TAT), charcoal,
bioactive compost charcoal and liquid smoke will be produced, which can
replace the presence of chemical fertilizers and pesticides. The useof integrated
charcoal products (archeology and liquid smoke) can support organic, safe and
healthy cultivation systems.

300

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345265

Integrated charcoal is an applied technology that is environmentally
friendly, because it utilizes various types of biomass waste and applies low
emission technology. Integrated charcoal technology produces charcoal,
compost charcoal and liquid smoke. Charcoal is very much beneficial for life,
not only used as fuel but can also be applied in agriculture and animal
husbandry. The smoke formed in the process of making charcoal will change
shape into a liquid when the cooling process occurs. This liquid is called liquid
smoke or wood vinegar. Liquid smoke is also very beneficial for human life,
both as a medicine for skin diseases (drugs for itching / acne), and for
application in agriculture and animal husbandry.

Figure 1. Background of integrated charcoal production kiln, during the
socialization of science and technology transfer in Gunung padang village,
Cianjur district
Charcoal
Charcoal is not fertilizer materials, although charcoal contains several
macro and micro elements but in very small amounts. Charcoal has pores on its
surface, so that if charcoal is used as a mixture the planting medium can
improve the circulation of water and air in the soil. In addition charcoal can
increase soil pH so that this condition will provide space for the development of
soil microbes that function in the supply of nutrients in the soil which will later
be absorbed by plants. Therefore charcoal is called as a builder of soil fertility.
Some research results also show that the addition of charcoal to growing media
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can increase the growth of ecto and endo mycorrhizal spores in plants. So that it
can accelerate plant growth both in the nursery and on the land (Gusmailina et
al., 2015). According Glaser, B (2002) and Lehmann et al. (2003), the effect of
charcoal on soil fertility have scientifically proven.
Although not as fertilizer, charcoal can build the quality of soil
conditions both physically, chemically and biologically. From some
observations it turns out that the addition of charcoal can increase the microbial
activity of the soil organic matter. It also can increase the population of Nbinding bacteria in the soil. The application of charcoal to soil originating from
waste is in accordance with the pattern of sustainable and environmentally
sound development, because it can help solve the problem of waste while
repairing acidic and critical lands, and making the soil stable. Charcoal
characteristics are useful as an agent for builders, fertilizers while maintaining
soil stability, so that charcoal has a role as a long-term life-giving agent in the
soil and plants that grow on it (Gusmailina et al., 2015).
Alkaline charcoal can increase the pH of acid so that it is very good to be
used as a substitute for lime on acidic soils that are expanding in Indonesia.
Charcoal has a high absorption of pesticide residues and chemical fertilizer
residues that are in the soil, contain minerals that are useful for plant growth,
and have large pores, thus providing good conditions for the development of
soil microorganisms needed by plants. The application of charcoal on the
ground is very necessary in the future, given the nature and role that is quite
important. Therefore charcoal should not be seen as an energy and economic
commodity, but has high ecological value, so that it is necessary to develop an
integrated model of agriculture / livestock and forestry based on charcoal
technology (Gusmailina et al., 2015).
Bioactive compost charcoal (Arkoba)
Bioactive compost charcoal is a product of integrated charcoal
technology, continued from the development of the functions and benefits of
charcoal. A combination of charcoal and compost is produced through the
composting process. Since 1999 the PKEHH research group (Processing of
Chemicals and Forest Energy) the Center for Forest Products Research and
Development has begun to develop products of compost-charcoal with the main
raw material for charcoal is sawdust, while compost raw materials can be
derived from organic agricultural waste, mangium litter, litter litter and litter a
mixture of several types of trees. Adding charcoal to the composting process
aims to improving the quality of the compost. It is also hoped that the presence
of charcoal in composting will increase the number and activity of
microorganisms that play a role, so that the decomposition process can take
place more quickly. From several trials of providing compost charcoal on the
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ground, in addition to increasing the availability of soil nutrients, improving soil
physical, chemical and biological properties, It can also increase soil pH and soil
CEC values, making it suitable for rehabilitation / reclamation of critical,
increasingly widespread in Indonesia. Of the several applications of compost
charcoal that have been tested, both in the laboratory and in the field, the
growth of plants that were given compost charcoal increased by 2 times
compared to those not given compost charcoal (Gusmailina et al., 2016).

Figure 2. Bioaktif Charcoal compost
Liquid smoke
Liquid smoke or wood vinegar is an organic liquid / distillate obtained
from the condensation of smoke in the carbonization process. The liquid is
brownish yellow - black. Liquid smoke is produced from cooled smoke that can
be made from various lignocellulose wastes with simple technology. The secret
possessed by liquid smoke in addition to being acidic has a specific aroma and
flavor, and also contains multi-purpose chemical components for humans,
animals and plants such as acetic acid, phenol and methanol. This liquid smoke
liquid can be used as a medicine for skin diseases, biopesticides, plant growth
boosters, food preservatives, wood preservatives, room cleaners, anti-oxidants,
anti-microbes, coagulants and odors in rubber processing, prevention of fungi
and others (Komarayati and Gusmailina, 2014) Coconut shell liquid smoke
contains phenol compounds, which can inhibit the growth of bacteria / fungi so
that it can be used as a preservative or disinfectant (Slamet et al., 20017). The
raw materials used to make liquid smoke are widely available around us.
According to S. Wiyono in Rahimah (2014), liquid smoke contains alkaloids and
secondary metabolites that can be used as pesticides. According to Hagner
(2013), acetic and furfural acids contained in liquid smoke are compounds that
have the ability to resist snail pests. Rejection of pests, due to the presence of
these compounds simultaneously.
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Figure 3. Liquid smoke P3HH
The Forest Products Research and Development Center has conducted
research and development regarding the manufacture and application of liquid
smoke since the 2000s. The application is mostly for the growth of various types
of plants, both forestry plants and agricultural crops and plantations with
significant results. Yatagai (2002) states that liquid smoke contains chemical
components such as acetic acid which serves to accelerate plant growth and
prevent plant diseases. Likewise, methanol and phenols and their derivatives
act to prevent plant pests and diseases. The results of other studies say that
liquid smoke is useful to improve soil quality and help plant growth to be better
and stronger and more resistant to pests and diseases (Sinar Tani, 2010).
In agricultural fields, in addition liquid smoke contais macro nutrients
also acts as growth hormone, as well as functioning as a natural pesticide for
plants. In the field of charcoal and liquid smoke farms are also good as a
mixture of feed, as well as to improve hygiene, cleanliness and health of
livestock pens. Charcoal is used as a cage lining to reduce odors, also makes the
cage always warm and absorb various diseases that will attack livestock, so that
livestock become healthy and the environment becomes clean. Likewise liquid
smoke can be sprayed around the cattle shed to repel odors and insects / flies in
livestock manure.
Integrated Charcoal Technology Application (TAT)
Since 2015, the Forest Products Research and Development Center,
Bogor has socialized this TAT to various community groups and government
agencies in several pilot locations. The demonstration plot was built as a model
for the community to prove that TAT can be applied easily and cheaply. The
activity begins with a demonstration of ways to produce TAT products, then
applied to plants planted in demonstration plots. The demonstration plot was
made to prove to the community that TAT products can be used to support the
success of crop cultivation, without using chemical products such as chemical
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fertilizers and pesticides. So that the results obtained are classified as organic
products that have a higher value and selling price than the products produced
from non-organic cultivation.
The TAT product demonstration plot in Ciranjang, Cianjur Regency on
rice plants showed that rice grown using archeology (at the beginning of
planting only) with 9-10 times spraying liquid smoke during the planting
season, without using chemical fertilizers and pesticides at all, gave more rice
production better than rice grown using chemical fertilizers and pesticides.
Application of archeology and liquid smoke in an integrated manner in lowland
rice plants is not attacked by pests and rats, rice grains are more dense and filled
and not broken, do not easily collapse, formerly harvested rice fields that use
Arkoba and liquid smoke leave softer black soil marks and not easily hard and
cracked, even though it has been exposed to sunlight for 2 days. Financially
more profitable than non-organically grown rice (Gusmailina et al., 2017 b).

Figure 4. Application of integrated charcoal products in rice demonstration plots
in ciranjang
TAT product demonstration plots (archeology and liquid smoke) on
forest plants was planted in agroforestry land for 6 months on 4 tree species in
Babakan Karet Village, Cianjur Regency, which increase the growth of
mahogany trees 5 times, rambutan 7 times, sengon 6 times; and durian trees 3
times compared to those not given TAT products.
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Figure 5. Aplication integrated charcoal producs on some plants
Demonstration plot application of TAT products (arkoba and liquid
smoke) in coffee plants grown in the demonstration plot of Gunung Padang
village, Cianjur regency, for 5 months of observation showed that, plant growth
increased 3-4 times compared to those not given archeology and liquid smoke.
Coffee plant growth figures are stronger and have leaves that are fresh and
shiny. Therefore, this integrated charcoal technology and application be
disseminated, so that it is beneficial for the community and the environment.

Figure 6. Aplication integrated charcoal producs on coffee plant
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Figure 7. Integrated charcoal technology scheme
CONCLUSION
Integrated Charcoal Technology (TAT) is a solution of various national
problems that exist today, among others: the problem of waste / waste that
results in environmental pollution, environmental health, improvement and
improvement in the quality of land fertility while improving food quality
through the application of organic cultivation supported by integrated charcoal
products, empowerment the community through increasing understanding and
awareness of good and useful environmental management, as well as growing
employment and increasing family income which leads to increased family
welfare.
Integrated charcoal is an applied technology that is environmentally
friendly, because it utilizes various types of biomass waste and applies low
emission technology. Integrated charcoal technology produces charcoal,
compost charcoal and liquid smoke which has many benefits for life, both as
alternative fuels, as well as to increase the productivity of agricultural and
plantation land and crops. Smoke formed in the process of making charcoal, will
change shape to liquid when the cooling process occurs. This liquid is called
liquid smoke or wood vinegar, it is also very much beneficial for human life,
both as a medicine for skin diseases (hives / zits), as well as to be applied in
agriculture and animal husbandry, because in addition to containing macro
nutrients also acts as a growth hormone, and also functions as a natural
pesticide for plants. This activity is essentially an effort to empower the
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community, business world and other parties in the development of forestry
and the environment in general. It is also an investment to secure and preserve
natural resources as state assets. So that this activity has a strategic role, both in
order to increase the capacity and independence of the community, as well as in
efforts to preserve natural resources, while helping to overcome various waste
problems.
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ABSTRACT
Coastal land is a suboptimal land which is potentially developed for supporting
food availability in the future. Indonesian Coastal land area covers 20.1 million hectares,
6 million ha of which are potential for crops. The high salinity that constrains
agricultural development can be minimized by applying the appropriate technology such
as varieties that tolerance to salinity, and application of manure and bio-fertilizer that
containing the potential microbes to improve plant resistance to environmental stress.
This study aimed to obtain information of maize adaptable varieties and fertilization to
improve maize productivity in coastal land. The study was conducted at Meranti
Coastal Land in 2017 using the randomized block design with 4 treatments and 5
replications. Varieties of maize used were Bisma, Bima 9, Bima 19 URI and Bisi 2. To
increase the land productivity, cow manure and cow manure + biological fertilizer with
containing nitrogen fixing and phosphate solubilizing microbe were applied. The results
showed that the enrichment of biological fertilizer can improve the performance and
yield of maize in coastal land that exposed to salt. Variety of Bisi 2 showed high
adaptation to environmental stress followed by Bima 19 URI, Bisma and Bima 9.
Keywords: maize, coastal land, biological fertilizer, productivity improvement
INTRODUCTION
The high land conversion encourages infertile land including coastal
land to be used as agricultural land with the need for adaptive and feasible
technology. The area of coastal land in Indonesia covers 20.1 million hectares,
which has the potential as a huge environmental resource and service but has
not been yet utilized (Lasabuda, 2013). About 6 million hectares of total areas
have potentially been developed food crops. According to Alihamsyah (2004),
tidal lands are distributed 7.147 million ha in Sumatra, 5.939 million ha in
Kalimantan, 6.415 million ha in Papua, 371 thousand ha in Sulawesi, and 237
thousand ha in Maluku and Nusa Tenggara. The coastal lands are potentially
developed for agriculture and fisheries (Widuri et al., 2015), both food crops
and horticultural crops (Maroeto and Sasongko, 2004). It is further mentioned
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that the successful farming in coastal land is determined by success in managing
natural constraints.
Coastal lands are non-productive land for agriculture. They contain
peat, clay or sandy soil. The three types of soil require different handling
techniques due to different physical, chemical and biological aspects of the soil.
Physically the sandy coastal land has poor properties such as lack of water
holding capacity, coarse structure, granules and not compact. Coarse coastal
land cause dry fast due to rapid water depletion. Chemically the coastal land
has a high salts accumulation, soil cation exchange capacity (CEC) is very low
because of no colloidal soil and zero surface charges, so that they do not retain
nutrients. In terms of soil biology, activity of soil microorganisms are limited
and soil organic matter is very low, they can break down complex compounds
into simpler compounds in the soil so it can be beneficial to plants. This is in line
with Boga (2017) states that the problems of agricultural development in the
coastal area of Riau is a high acidity level, high salinity, and Fe toxicity. This
condition causes the growth of roots, stems and leaf is reduced due to metabolic
imbalance caused by poisoning ions Na + + Cl-, osmotic stress, and nutrient
deficiency (Sembiring and Gani, 2007). The presence of sea water intrusion into
the farming areas as a result of the reduced number of planting mangrove cause
land becomes saline. Krisnawati and Adie (2009) state that salinity occurs due to
global climate change which has an impact on rising sea levels, and generally
spread in saline land at coastal areas, irrigated land, excess fertilized land and
naturally saline land.
In Indonesia, there is an area of 0.4 million ha of saline, and is expected
to increase along with rising sea levels due to global warming. The
characteristics of saline soil are pH <8.5, and are dominated by salts of Na, Ca,
and Mg in the form of chloride and sulfate which cause low availability of N, P,
Mn, Cu, Zn, and Fe in soil, high osmotic pressure, the weakness of the
movement of water and air, and low activity of soil microbes. Salinity causes
morphological, physiological, biochemical, and anatomical changes (Tester and
Davenport, 2003). According to Sudrajat (2013), problems of soil physical and
chemical in developing coastal land also experience social problems such as
many isolated communities and polarization of social (rural two classes).
Various obstacles in coastal land can be overcome with technology, such
as: planting saline and/or acid resistant varieties, soil improvement, water
management arrangements, fertilization, cropping arrangements, and proper
planting calendars. Edi (2010) stated that mitigation and adaptation can be done
through a variety of ways, including the manufacture of safe beds from water
ponds for roots, the selection of amendments that can reduce soil salinity, the
selection of plants that resist drought and inundation, and cropping rotation
patterns.
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Corn is one of the agricultural commodities that play a role in realizing
national food security, which is used both as food raw materials, liquid sugar
industry, and animal feed industry. National maize production is currently still
not meeting the needs, so the expansion of the area through various programs is
carried out not only on potential land but also towards sub-optimal land such as
coastal land. Efforts to increase productivity are also carried out through genetic
engineering carried out by the Research Institute. Until now, maize with high
levels of drought-resistant productivity is available such as a hybrid corn of
Bima 4, and a composite corn of Lamuru with potential yield of 11.71 and 7.6
tons / ha, respectively Besides that, it presents early maturing corn varieties such
as Bima 7, Bima 8 and Gumarang with a harvesting age of 89; 88 and 82 days
after planting, respectively. Corn varieties that are resistant to puddles are now
engineered and obtained 5 strains with a potential yield of 8-9 tons / ha namely
GM 226, GM 228, GM 291, GM 327, and GM 338 (Balitbangtan, 2011).
Considering the importance of food security, it is necessary to study to get
technology to increase corn productivity in saline land a colorless, transparent,
odorless, tasteless liquid that forms the seas, lakes, rivers, and rain and is the
basis of the fluids of living organisms.
MATERIAL AND METHODS
The research was conducted at Segomeng Meranti district Riau Province
using the randomized block design with 4 treatments and 5 replications.
Varieties of maize that tolerance in drought and pool used were Bisma, Bima 9,
Bima 19 URI and Bisi 2. To increase the productivity of land applied cow
manure and cow manure + biological fertilizer with containing nitrogen fixing
and phosphate solubilizing microbe. Planting is use to legowo planting system,
with a planting distance of 75 x 50 cm and 2 seeds per planting hole. The
parameters observations were vegetative and generative growth. The collected
data was tabulated and analyzed
RESULT AND DISCUSSION
Plant Agronomic Performance
Based on field observations, corn cultivation up to 60 days after planting
showed good performance where the averaged plant height of Bisma, Bima 9,
Bima 19 and Bisi 2 were 191.4 cm; 185.0 cm; 189.4 cm and 190.4 cm, respectively.
Bisma as composite maize variety showed the highest averaged plant height
compared to others. Suspected to be related to the plant where for growth it
does not require high nutrient adequacy as hybrid corn compared to not
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significantly different from Bisi 2 varieties which are considered adaptive
against environmental stress.
The addition of organic fertilizers to anticipate the salinity stress showed
a positive impact on plant vegetative growth shown by the response of plant
height increment and number of leaves as presented in Fig. 1.

Leave number on
various fertilizer
15,00
10,00

5,00

Bima 9

Bima 19

Control
Cow manure
Manure+Bio

Control
Cow manure
Manure+Bio

Bisma

Control
Cow manure
Manure+Bio

Control
Cow manure
Manure+Bio

0,00

Bisi 2

Figure 1. Maize Plant Height (cm) in 60 days old (left); Maize Leave Number on
Various Fertilizer (right)

The application of manure can increase plant height, number of leaves
and number of cobs in a row as muh as 4%, 1.58%, and 4%, respectively while
the application of a combination of manure and biological fertilizer can increase
7 %, 2.14%, 10%, respectively compared to controls.
Variety of Bisma, Bima 9 and Bima 19 showed a positive response to the
addition of organic matter, while Bisi 2 was not significantly increased by
manure although with the addition of manure and biological fertilizer increased
real. This indicates that the use of manure in addition to improving soil
nutrients is also able to stimulate stress caused by salinity as well as biological
fertilizers, especially in Bisma varieties.
The amount of tuna produced by the Bisma variety is on average 1
piece, while the Bima 9 and Bima 10 varieties vary. In the Bisi 2 variety, it
produces an average of 2 cobs. As presented in Fig. 2, application of manure can
increase the number of cobs except in Bisi 2 which increases with the addition of
manure and bio fertilizers. This indicates that manure alone does not meet the
need for metabolic processes to increase the amount of cob.
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Figure 2. The maize cob number on various fertilizer (left) and the effect of organic
material on maize generative performance at coastal land (right)

In the weight parameters of cobs, age 60 days after planting, it can be
seen that the varieties determine the weight of mackerel, where the Bisma
variety gives the highest ear weight compared to other varieties. Bisi 2 and the
lowest followed Bima 9. The addition of organic matter showed a trend of
positive response to the parameter corn crop yield in coastal lands.
This indicates that the addition of organic matter origin manure and
biological fertilizers containing macro and micro nutrients and soil microbes
were able to improve soil structure and reduce the impact of stress and increase
the yield of corn in coastal land.
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Figure 3. The maize performance at generative phase
Yield
The presence of rat attacks resulted in the harvest of corn at an
appropriate age. The results of the field observations indicate that corn yields
the highest average was obtained from varieties Bisi 2 (13,3 t ha-1) followed
Bima 19 (7,46 t ha-1), Bisma (7.3 t ha-1), and the lowest in Bhima 9 (6.8 t ha-1).
It’s indicate that Bisi 2 is resistant to salinity stress on the coastal land of Meranti
Re gency. Furthermore with the addition of organic material can be in the know
that the addition of organic matter in maize in coastal lands were able to
increase corn production

Fertilizer application on
maize production
400
200
0
BISMA
Control

BIMA 9 BIMA 19

Cow manure

BISI 2

manure+Bio

.
Figure 4. The effect of fertilizer application on maize Production at Meranti
Coastal land
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Based on the results of analysis showed that the fertilizer application
cow manure and the combination of manure and biological fertilizers containing
functional microbial markedly increase the production of corn in the coastal
area. The increase of corn productivity due to manure application and its
combination with biological fertilizers is 45.1 and 77.3% (Bisma), 21.7 and 65.6%
(Bima 9), 16.5 and 71.6% (Bima 19), 24.8 and 24.8% (Bisi 2), respectively
compared to control. This indicates that manure containing organic ingredients
is capable to improve the rooting media conditions so that the plant roots can
more easily absorb the nutrients. While the addition of microbial biofertilizers
containing potentially allow microbes can work in providing essential nutrients
besides the decomposition process does for subsistence causing more land
suitable for plant development. Field reality also shows that the response of Bisi
2 is not significantly different from bio fertilizers. This is likely due to the nature
of hybrid plants that respond to nutrient intake in large quantities.
CONCLUSIONS
▪ Bisi 2 Corn Varieties are quite adaptive to land with saline exposure
followed by Bima 19 URI; Bisma and Bima 9
▪ The use of organic materials can increase corn production on coastal land
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ABSTRACT
Soil organic carbon determines the quality, productivity and the sustainability
of agricultural systems. Organic matter input and output are the processes that lead to
the system’s sustainability from the perspective of organic carbon balance. Soil and crop
management systems influence the return of organic carbon to the irrigated rice field.
This study aimed to evaluate the recovery of soil organic carbon of irrigated rice fields
treated with organic and conventional managemet systems. The study was conducted at
Imogiri Bantul D.I. Yogyakarta Indonesia, to evaluate carbon dynamics (organic carbon
inputs and losses) in irrigated rice fields under organic and conventional rice
management systems. The organic rice management system in this study is defined as
eliminating the use of agrochemical materials that are poisoning the environment and
relying on the use of organic materials, while conventional rice systems are defined as
relying on the use of agrochemical materials. The results showed that the Mentik Wangi
organic rice produced 11.227 t.ha -1, while the conventional rice system produced 11.877
t.ha-1 dry biomass. The return of organic carbon were derived from organic fertilizer, rice
stump and rice roots, while the carbon loss were caused by straw and grain removals. In
the organic rice system, the total carbon input (recycled) was 7.161 t.ha -1, while the
output (removal) was 6.194 t.ha-1, implying a sustainable system with a greather input
than the output. On the contrary, in the conventional rice system, the total carbon input
was 4.946 t.ha-1, while the loss was 6.931 t.ha -1, implying carbon deficits which my lead
to unsustainability.
Keywords: Organic carbon, irrigated rice field, organic rice system, conventional rice system

INTRODUCTION
Carbon determines sustainability to crop productivity and cropping
systems. Maintenance of organic carbon are regulated by the quality and
quantity of organic material returned to the soil (Manna, et al., 2003). Organic
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matter is the center of transformation and nutrient-biomass flow. This
conditions are related to input and output of materials, which in turn will
determine the quality and further sustainability of the farming system.
Agricultural practices affect to the return and content of soil organic
carbon (Tian, et al., 2013 ; West dan Post, 2002). The remains of plants and
animals are sources of soil organic matter, with the main components of organic
carbon. Organic carbon is important in processes in the soil and positively
correlated with fertility rates (Francaviglia, et al., 2018). Applying straw to the
soil can increase soil organic carbon (Syamsiyah, 2014). There is a positive
relationship between increase in organic carbon in the soil and improvement in
soil properties (Blair, et al., 2006). Improved of soil properties are associated
with better soil productivity and quality (Lal, 2004b). Soil organic carbon play a
role in the nutrition cycle, soil quality and the sustainability of agricultural
systems. Minardi et al. (2012) stated that organic carbon play a role in increase
soil fertility, support plant growth, and increase crop yield. Soil organic carbon
can increase soil fertility and nutrient use efficiency, so that crop productivity
increases (Nusantara et al., 2014).
Organic matter affects the availability of nutrients in the soil (Magdoff
and Van Ess, 2009), which is influenced by the level of decomposition.
Environmental conditions, including climate and soil condition, play a role in
mineralization and immobilization which determine the accumulation of
organic carbon, nutrient availability and the sustainability of agricultural
systems (Seiter and Horwath, 2004).
Carbon sequestration is a transformation process for atmospheric CO2,
to be stored in plant biomass and in the soil (Lal, 2004b). The carbon cycle
returns the plant material into the soil, which further increases the soil organic
carbon content. Soil organic carbon improve soil quality, agricultural production
and the sustainability of agricultural systems.
This study aimed to evaluate carbon dynamics (organic carbon inputs
and losses) in irrigated rice fields under organic and conventional rice
management systems. Lal (2001) mentioned that carbon storage occurs when
inputs of organic carbon was greater than losses of organic carbon. Furthermore,
Lal (2004a) divides inputs of organic carbon with losses of organic carbon as a
sustainability index (IS). The value of IS more than 1 indicates the system tends
to sustainable.
MATERIALS AND METHODS
The study was conducted at Kebonagung Imogiri Bantul D.I. Yogyakarta,
to determine inputs and losses of organic carbon from irrigated rice fields with
organic and conventional management systems in September 2016 – February
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2017. The organic rice management system in this study is defined as
eliminating the use of agrochemical materials that are poisoning the
environment and relying on the use of organic materials, while conventional
rice systems are defined as relying on the use of agrochemical materials. Mentik
Wangi variety of rice are grown with organic and conventional system.
Interviews were carried out on key farmers to find out the factors that
influence the flow of organic matter. Organic carbon flow are divided into input
of organic carbon and loss of organic carbon. The dosage of organic fertilizer on
irrigated rice fields with organic systems 8.500 t.ha-1 (at 20% moisture content)
contributes organic carbon 2.128 t.ha-1, but not in conventional systems. Input
and loss of biomass from irrigated rice fields are measured with three replications.
Input and loss of organic carbon components can be seen in Figure 1.

Figure 1. Illustration of organic carbon input and loss from irrigated rice field
Rice harvesting was carried out by harvest workers, which determines the
height of straw and stump. Organic carbon input derived from the the organic
fertilizer, the roots of rice left in the soil and rice stumps that are not transported
by harvest. Loss of organic carbon in the form of grain were transported by
harvest and straw were harvested by harvesters. Straw is taken for animal feed
and stump are left on the land. Rice straw is transported out from the land, not
returned to the land, loss, as animal feed, causing loss of organic carbon from
the land.
ΔC shows the difference between input of organic carbon and loss of
organic carbon, positive if input of organic carbon were greater than loss of
organic carbon. IS obtained from input of organic carbon divided by loss of
organic carbon. IS > 1 shows that the system tends to sustainable. Difference and
comparison between input and loss of organic carbon in the irrigated rice fields
with organic and conventional systems are calculated.
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RESULTS AND DISCUSSION
Organic carbon returned to irrigated rice fields determines the system
sustainability. This is determined by the culture and way of life of farmers.
Organic fertilization by farmers will contribute organic carbon to the land.
When harvesting, farmers cut rice stalks from the land and leave the rice stumps
returning to the land. Farmers transport grain and straw out as biomass loss
from the land.
Organic fertilizers are obtained from local organic materials around agricultural
areas, such as agricultural and livestock waste. Organic matter is an important
ameliorant to increase soil fertility both physically, chemically, biologically, and
provide nutrients for plants. Organic fertilizers contribute organic carbon to the
soil. Stock and flow path of organic carbon in irrigated rice field can be seen in
Table 1.
Table 1. C-Organic in the irrigated rice field
Irrigated
Rice Field

Organic carbon
Component

Organic carbon
Input

Organic
carbon Loss

ΔC

Is

Conventional System

Organic System

t.ha-1.season-1
Rice Root

2.258

Rice Stump
Rice Straw
Rice grain
Organic Fertilizer
Methane
Total

2.775

Rice Root

2.182

Rice Stump
Rice Straw
Rice grain
Organic Fertilizer
Methane
Total

2.764

2.692
3.502

0.967

1.16

-1.985

0.71

2.128
7.161

77
6.194

2.678
4.253
4.946

38
6.931

Farmers in the research area are develops soil fertility by providing soil
organic matter in the form of manure. cropping waste. weeds. agricultural
processing wastes and non-agricultural organic waste (Anshori. et al.. 2016a).
Mentik Wangi varieties are cultivated (Anshori. et al.. 2016b). which has the
high potential to restore biomass to the land.
Mentik Wangi is a local rice variety. Results of the study showed that
Mentik Wangi reaching about 140 cm high and producing more organic matter
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than new varieties. Mentik Wangi in organic rice fields produces rice biomass in
dry 11.227 t.ha-1. in conventional rice fields 11.877 t.ha-1 after dry. As
comparison. the results of Syamsu and Abdullah's research (2008) with new
verieties yielded 6.730 t.ha-1 dry biomass. Mentik Wangi contributes organic
carbon greater than new varieties.
The irrigated rice fields with organic systems have a positive ΔC (0.967
t.ha-1). input of organic carbon were greater than loss of organic carbon. Inputs
of organic carbon are organic fertilizer. stump and root. Loss of organic carbon
are grain and straw. Organic fertilizer provides a great input to the contribution
of soil organic carbon. Is equal to 1.16 indicating that irrigated rice field with
organic system tends to sustainable.
The irrigated rice fields with conventional systems have a negative ΔC (1.985 t.ha-1) meaning that input of organic carbon were smaller than loss of
organic carbon. Input of organic carbon only derived from stump and root. no
addition from organic fertilizer. Loss of organic carbon derived from rice grain
and straw for animal feed. Is equal to 0.71. showing that irrigated rice field with
conventional system tends to be unsustainable.
Organic fertilizer make a big contribution in returning soil organic
carbon. Without the organic fertilizer. organic carbon loss is greather than input.
ΔC is negative and the agricultural system tends to be unsustainable.
CONCLUSIONS
Mentik Wangi variety of rice produces large biomass and potentially
contribute to soil organic carbon. The input of organic carbon came from
fertilizer. rice stumps and roots. while the loss of organic carbon from the
system is due to removal of rice grain through harvest and removal of rice
straw. Organic rice field have an input of organic carbon greater than loss of
organic carbon. with the sustainability index (IS) of more than 1. the system
tends to sustainable. Conventional rice field have smaller input of organic
carbon than loss of organic carbon. IS less than 1. the system tends to
unsustainable.
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ABSTRACT

Agricultural technology to improve the optimization of swamp land areas was
already existed, but rice productivity is still low. The latest technology that was already
proven to increase irrigated rice productivity called Jarwo Super which will be verified
in tidal swamp land areas. The purpose of this study was to obtain the influence of Jarwo
super technology components on increasing rice production from 3.5 t/ha to 5 t/ha in
tidal swamp areas. The research was carried out on the farmer's land area of three
hectare in Karya Baru Village, Rantau Rasau District, East Tanjung Jabung Regency,
Jambi Province. Assembled Jarwo Super technology was applied on land owned by three
cooperative farmers using two new superior varieties namely Inpara 2 and Inpara 8 and
Biotara fertilization. The results of the study showed that Jarwo super technology
application with VUB Inpara 2 provideddry production yields of 6 t/ha equivalent to 5.1
t/ha dry rice. The yield of rice obtained by this Jarwo super technology application is
71.43% higher than the average productivity obtained by farmers’ practices in wet
season planting time. Jarwo Super technology can technically be carried out on tidal
swamp land and was socially very acceptable to farmers (Stakeholders) because it can
harvest in dry season planting time of 2017, where farmers usually fail to harvest the
rice. Economically,Jarwo Super technology package in tidal swamp land gives benefits to
farmers, this is indicated by the value of R/C> 1. Farming income analyses of Inpara 2
variety was Rp. 30,000,000 and Rp. 22,600,000 for Inpara 8 varieties by applying this
technology.
Keywords: Jarwo super, inpara 2, inpara 8, tidal swamp areas, Jambi
INTRODUCTION
Currently, Indonesian government through Ministry of Agriculture is
intensively developing tidal swamp land as a source of production food areas
for people feed (Alihamsyah, 2002; Dirjen Tanaman Pangan 2009). It has been
more than 30 years of research and study agricultural developmentand
innovation technology in tidal land, but rice productivity is still low (Ar-Riza,
2002; Alihamsyah, 2003; Notohadiprawiro, 2006). Accordingly, it requires a new
breakthrough to overcome this dilemma. One effort that can be done is by
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applying Jarwo Super (JS) technology in tidal land. Previously, Jarwo Super
technology had been studied and applied in irrigated rice fields which provided
satisfactory rice production (Jamil et al, 2016).
Tidal swamp land area is one type of marginal land that has the
potential to be developed as a new land expansion and areas for crop
cultivation, especially rice (Tanaka, 1976; Widjaja-Adhi and Alihamsyah, 1998).
Tidal swamp land in Jambi Province covering 39,538 ha (BPS, 2015). One of the
tidal rice production centers in Jambi Province is located in East TanjungJabung
Regency with a land area covered about 18,322 ha in 2015. However, the rice
productivity of tidal swamp land in Jambi Province is still low, ranging from
3.00 to 3.90 t/ha (Jumakir, 2014). The purpose of this paper is to determine the
effect of Jarwo Super technology on increasing rice production in tidal swamp
land in Jambi.
MATERIALS AND METHODS
The research for constructing JS technology in tidal swamp área was
carried out from March to November 2017. The research was utilized
demonstration farm spaces of JS technology in tidal swamp land area of east
Tanjung Jabung Regency by involving three farmers as research cooperators.
Around 3 hectares of more than 50 hectares rice área was used as demonstration
plot. Research also exercised the latest swamp rice varieties assembled by
Indonesian Swamp Land Research Institute and Indonesian Rice Research
Center, with the intention of finding newly rice variety that has the potential
highest production and will be adapted completely by farmers. In addition,
wáter management technology and the use of Biotara biofertilizers, both will be
studied to get the best technology combination. The JS technological innovation
package will be compared with farmers cultivation technology in Jambi tidal
swamp áreas specific location. Materials and supporting tools for rice
cultivation are used in accordance with agricultural technologies
recommendations.
Rice cultivation in tidal swamp land area, using on Farm adaptive
research (OFR) method, which was a large-scale assessment on farmers' land
areas. The agricultural technology components both assembled and applied,
were JP technologies and water management technology. The experiment was
arranged on a split plot design with two factors, repeated three times. The first
factor as the main plot was the application of biological fertilizers (Biotara) or
control (without biological fertilizer) and the second factor or sub-plot was
variety. The details of treatment are: Biotara (B) and variety (V) using: One-way
water system only; with both Biotara (B) as B1 = Giving Biotara and B0 =
without giving Biotara; and Varieties (V), V1 = Inpara 2 and V2 = Inpara 8.
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Data to be collected duringa ctivities include economic data, agronomic
data and farming system application base on economic and social data
feasibility as supporting activities of farming system-image descriptions
RESULTS AND DISCUSSION
The JS application was carried out in dry season planting time 2017 with
application of water management technology, Biotara biological fertilizer and
newly adaptive rice varieties in tidal swamp land areas have been able to
increase rice productivity (Saraswati, 2012). The effect of Biotara fertilizer
application using both newly rice varieties of Inpara 2 and Inpara 8 varieties can
be seen in agronomic parameters and yield components (Figure 1.).
Plant height, number of tillers, yield and yield components can be used
as a benchmark to determine the effect of Biotara fertilizer on Inpara 2 and 8
varieties on the growth and yield of rice in tidal swamp land. Observations
show that Biotara as biological fertilizer application can increase plant height,
yield and yield components (Adesemoye and Kloepper. 2009).
A technology is suitable for implementation by farmers if the technology
meets the requirements of technical, economic and social aspects (Yoshida, 1981;
Wihardjakaet al, 1998; Mukhlis, 2009). Technically, JS technology in tidal swamp
land areas can be applied by farmers because some technological components
package was studied previously by farmers such as: cultivated jajarlegowo
planting system (2: 1 and 4: 1), young seedling age, essentially used 2-3 seedling
per hole, rice transplanter-machinery application, Integrated Pest Management
(IPM) for controlling disease/pests,
In general, rice technology components and cultivated technical
activities in tidal swamp land were already known by farmers with additional
used of agricultural machinery such as three-wheeled mini-tractors to cultivate
land, the use of Jarwo Transplanter as a mechanical planting tool was already be
done in this research area with cooperator farmers as users. Local government
for Food Crops, Horticulture and Plantation institution in East Tanjung Jabung
district has provided assistance to a number of agricultural machinery to farmer
groups. There is also a combine harvester that can be used during rice
harvesting time.

326

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345269

RICE HEIGHT (CM)

RICE H IGH T F O R JS
TECH NO LO GY IN TIDAL
SWAM P AREAS JAM BI
130
110
90
70
50
30

Inpara 2
Inpara 8
Inpara 2+biotara
1

2

3

4

5

6

7

8

Inpara 8+Biotara

WEEK AFTER PLANTING

Rice Dry Yield (ton/ha)

JS TECHNOLOGY FOR RICE DRY
WEIGHT IN TIDAL SWAMP AREAS
JAMBI
8
6
4
2
0
Inpara 2

Inpara 8

Inpara 2

No Biotara

Inpara 8
Biotara

RICE YIELD COMPONENTS BY JS
TECHNOLOGY FOR TIDAL SWAM AREAS IN
JAMBI
35
30
25
20
15
10
5
0
Tiller lenght (cm)

Empty Grain (%)

Weight of 1000 seed
Grain (g)

Rice Yield Components
V1

V2

V1

V2

Figure 1. Rice height, yield and yield components of JS Technology in tidal
swamp areas Jambi
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Biotara application in Inpara 2 shown a significantly different in
parameters such as tiller length, empty grain, weight of 1000 grain and yields.
Whereas, for rice height there was no significant different for all applications.
Generally, application of Biotara gave a better rice production for both Inpara 2
and 8 varieties.
Economically, JS technology package in tidal swamp land gives benefits
to farmers, this was indicated by the value of R/C> 1 (Table 1), meaning that the
output obtained by farmers were greater than input (Soekartawi, et al. 1986).
Table 1. Farming Systems Analysis for JS Technology in Tidal Swamp Areas.
Components
InputCost (Rp)
Labour
Production Income (Rp)
R/C

B0V1
4.051.000
8.640.000
19.200.000
1,51

Treatments
B0V2
B1V1
4.051.000
4.301.000
8.640.000
8.800.000
17.600.000
30.000.000
1,39
2,29

B1V2
4.301.000
8.800.000
22.800.000
1,74

Source: Primary Data Analyses
CONCLUSIONS
The yield of rice obtained by JS technology application was 71.43%
higher than the average productivity obtained by farmers’ practices in wet
season planting time in Jambi. JS technology can technically be carried out on
tidal swamp land and was socially very acceptable for farmers (stakeholders)
because rice can be harvested in dry season planting time of 2017, where
farmers usually fail to get the yield.
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ABSTRACT
Indragiri Hilir is rice production center in Riau Province. The rice productivity
in this regency is around 3.9 ton/ha. Since 2017, Riau AIAT has introduced jarwo super
rice system as new technology in rice cultivation. This study aims to get the information
on rice production in the integration of duck and jarwo super rice system compared to
the existing technology. The study was conducted in Kempas Jaya Village, Indragiri
Hilir Regency, Riau Province from January-August 2018. Batang Piaman was chosen
as suitable variety with farmer preference. There were three technologies applied in this
study, A: farmer’s technology, B: jarwo super rice system technology and C: integration
of duck and jarwo super rice system technology. In integration of duck and jarwo super
rice system technology, farmers have 136 ducks that consist of 16 males duck and 120
females duck herder at 1 ha of rice field. The result showed that the highest rice
production was found in C: integration of duck and jarwo super rice system technology
(7.40 ton/ha), while the rice production in B: jarwo super rice system technology was
6.04 ton/ha and the rice production in A: farmer’s technology was 5.10 ton/ha. Based on
field observations, there are some advantages when farmer herder ducks in the rice field,
(1) provide additional fertilizer from duck droppings, (2) reduce weed and plant pest
populations, (3) decrease pesticide used and (4) stimulate rice growth. Referring to this
study, combination of duck and jarwo super rice system on rice cultivation has proven
decrease production cost, enhance rice production and recommended environmental
friendly technology.
Keywords : duck, jarwo super rice system, integration, environmental friendly
technology, rice production.
INTRODUCTION
The problems in rice cultivation in Indragiri Hilir regency are low rice
production due to pests and weed problems. Furthermore, uncertified seed
usage, rice fields categorized as tidal land and limited understanding of farmers
about cultivation system also contributed to low productivity of rice. Based on
the Statistic of Riau Province (2017), the rice productivity in this regency is
around 3.9 ton/ha and categorized as low productivity compared to other
regencies.
331

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345270

In 2017, Riau AIAT has introduced jarwo super rice system to the
farmers. This technology increases rice production in this regency until 11 t/ha.
Nevertheless, it quiet depends on the chemical substances to control pest and
weed problems, and also immense utilization of an-organic fertilizer to
stimulate rice growth. An alternative technology to minimize the use of the
chemical material in rice cultivation system is by raising duck in the rice field.
Lu et al. (2005) reported that the rice-duck cultivation system is an
appropriate technology to reduce chemical substances usage and it has been
environmentally friendly farming technology which has been accepted in Asia
and Pacific. Moreover, Wang et al. (2003) also reported that rice-duck complex
ecosystem can improve the environment by reducing the effect of conventional
rice system and environmental costs in rice production.
In this system, duck plays an important role. Duck is considered as pest
and weed control by consuming them (Li et al., 2004). Furthermore, Long et al.
(2013) reported that the rice-duck cultivation system decreases the use of
pesticides, herbicides, and fertilizer. Additionally, duck droppings serve as
organic fertilizer to support the rice growth, thus it reduces the application of an
organic fertilizer. Besides that, duck also plows the soil in the rice field, thus it
improves soil properties, and it will enhance the rice growth. In accordance with
the research by Yu et al. (2004) that released the rice-duck cultivation system can
cause reinforcement of rice growth due to duck activity. Finally, duck paddling
overcomes the methane and nitrous oxide problem, which are the contributors
to the greenhouse effect.
This study aims to get the information on rice production in the
integration of duck and jarwo super rice system compared to the existing
technology.
MATERIALS AND METHODS
The study was conducted in Kempas Jaya Village, Indragiri Hilir
Regency, Riau Province from January-August 2018. The rice cultivation system
refers to jarwo super rice system technology; (1) Batang Piaman as chosen
superior variety, (2) Legowo 2:1 planting system (3) Agrimeth as organic
fertilizer which applied to the rice seeds, (4) M-Dec as bio-decomposer which
applied at first soil tillage, (5) Manure application, (6) Urea and NPK Phonska
application, and (6) Pest and disease controlled using bio-protector.
The duck was Pitalah duck, a local variety from West Sumatera. It was 4
months old when herder in the rice field. The additional feed was consists of
concentrate N544 and husk. In the integration of duck and jarwo super rice
system technology, farmers have 136 ducks that consist of 16 males duck and
120 females duck herder at 1 ha of rice field.
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There were three technologies applied in this study, A: farmer’s
technology, B: jarwo super rice system technology and C: integration of duck
and jarwo super rice system technology.
The cultivation stages were: (1) Nursery : rice seed was saturated for 24
hours, then mixed with Agrimeth and then spread the rice seeds on the nursery
plot, (2) Land preparation by cleaning the land from weeds, trees, etc then
plowing the soil, (3) Organic fertilizer application from cow manure around 2
ton/ha, (4) Bio-decomposer application 4 kg/ha for straw decomposition, (5)
Planting by using Legowo 2:1 system and planting distance 25 x 12.5 x 40 cm
and the seedling age were 18 days after seedling, (6) Duck released 15 days after
planting (7) Weeding by using manual technology and herbicide, (8)
Fertilization by using Urea 200 kg/ha and NPK Phonska 300 kg/ha, (9) Pest and
disease control, and (10) Harvest when 90-95% rice grain was ripen.
RESULT AND DISCUSSION
The result showed that the highest rice production was found in C:
integration of duck and jarwo super rice system technology (7.40 ton/ha), while
the rice production in B: jarwo super rice system technology was 6.04 ton/ha and
the rice production in A: farmer’s technology was 5.10 ton/ha (Picture 1).

Rice Production (ton/ha)
8,00
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Picture 1. Rice production (ton/ha)
Based on Picture 1, the integration of duck in the rice field increases the
rice production. This similar to the result of Mofidian and Sadeghi (2015), the
presence of ducks in a rice field enhance the grain yield around ten percent and
consequently it increases farmer’s income and also reduction of using
agricultural pesticides and protecting the environment. Other studies in
integrated duck and rice farming also showed increasing of yield and yield
components (Furuno, 2001; Kishida, 1996; Hossain et al., 2004; Hossain et al.,
2005; Ahmad et al., 2004; Wang et al., 2003; Yu et al., 2005).
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The increasing of rice production in the integration of duck and jarwo
super rice system probably because some reasons. Firstly, duck droppings
become additional fertilizer for the rice growth, thus it increases the soil fertility
and provides nutrient that needed by the rice plants. Secondly, duck activity
and pecking the soil cause mudding water, thus it increases oxygenating in soil
and helps farmers in weeding the rice field. Thirdly, duck consumes pests that
become a problem in rice cultivation. Reducing the pest population that ingests
by ducks will decrease the probability of yield loss.
CONCLUSIONS
This study searched the information about rice production in the
integration of duck and jarwo super rice system compared to the existing
technology (jarwo super rice system and farmer’s technology). The result
showed that the integration of duck and jarwo super rice system has a better
rice production in Kempas Jaya Village. However, further study is needed to
find out the better technology of integration of duck and jarwo super rice
system that suitable for all condition by changing the treatment such as the
location, number of duck, rice variety and duck variety.
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ABSTRACT
Climate change is a natural and an unavoidable phenomenon due to natural
degradation. The impact of climate change such as extreme droughts and floods on
agriculture occurs in some areas of Lampung Province. It is expected can decrease in
rice production and livestock businesses which effect to farming sustainability.
Following problem of the effect is farmer response to climate change. The aim of this
research was to analyze the responsiveness of farmers-breeders in dealing with climate
change in Lampung Province. Research method was carried out by farmers surveying in
Tanggamus district, Central Lampung and East Lampung. Research location was
determined purposively. The number of respondents was 100 farmers-breeders who were
determined randomly. The research was performed in April-September 2017. Data was
collected through structured interviews by using questionnaires according to research
objectives. The results showed that farmers in Lampung tend to be responsive to climate
change. In order to overcome the climate change, the breeders provide food reserves by
planting forage crops and optimizing the use of agricultural waste. While rice farmers
applied alternative irrigation reserves for the dry season and built drainage channels and
collected water in the rainy season. It was important to socialize to the wider community
in an integrated manner to support environment sustainability. The community is
encouraged to protect the natural environment from potential damage. The government
needs to build alternative irrigation sources as water reserves in the dry season as well
as water reservoirs as a place to collect the water during rainy season.
Keywords: farmer-breeder responsiveness, climate change
INTRODUCTION
In Lampung Province, rice and livestock are superior local commodities.
Harvested area of rice is not less than 660,560 ha per year with a production of
3,496,489 tons of milled rice (BPS Provinsi Lampung, 2016). Even in 2017,
according to the Department of Food Crops and Horticulture, the rice
production reached 2.5 million tons of rice which is equivalent to meet the needs
of 9.8 million people in the province. The assumption of rice consumption is 92.4
kg per capita per year so in 2017 there is still a surplus of 1.5 million tons of rice.
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While the cattle population in 2017 reached 742,775 head, with beef production
of 12,336,746 kg. The goat population reaches 1,326,103 head and meat
production was about 1,806,760 kg (BPS Provinsi Lampung, 2017).
Increase in rice and livestock production was supported by
implementation of agricultural technology innovations such as the use of
adaptive rice cultivars (Widodo, 2004), season-adaptive superior varieties of rice
(Sumarno, 2006), implementation of integrated crop management of wetland
rice (Departemen Pertanian, 2008), implementation of Jarwo Super technology
(Badan Litbang Pertanian, 2016), as well as acceleration and encouragement of
technology adoption in order to increase farmers knowledge and adoption
(Nurasa and Supriadi, 2012; Sembiring et al., 2012).
Climate change is a long-term alteration in term of distribution of
weather patterns statistically over a period of time from decades to millions of
years. The climate change occurs in certain regions or in all regions of the earth.
The climate change affects at least three climatic elements and natural
components that are closely related to agriculture, namely rising air
temperatures which also affect other climatic elements, especially the humidity
and dynamics of the atmosphere, and rising sea levels due to the melting of
icebergs in North pole (IPCC, 2007). In general, all forms of agricultural systems
are very sensitive to climate variations. The occurrence of delays in the planting
or harvest season will have a large impact both directly and indirectly, such as
food security, fertilizer industry, transportation and others (Shi et. al., 2016;
Geraldet al., 2014; Grimm et al., 2013).
The uncertain climate has an impact on the decline in food production in
Indonesia (Kementerian Lingkungan Hidup, 2001). At that time climate change
which has an impact on the high intensity of rain in a short period will cause
flooding which in turn causes the declining of rice production since the rice
fields are submerged in water (Departemen Pertanian, 2003). High rainfall also
results in land loss due to soil erosion, resulting in losses suffered by the
agricultural sector reaching US $ 6 billion per year (Asian Development Bank,
1994). The climate change not only causes flooding but also drought. As with
floods, drought brings similar losses in the agricultural sector.
The most obvious impact of the climate change on the agricultural sector
are the degradation and deterioration of the quality of land and water resources,
agricultural infrastructure, decreased production and productivity of food
crops, which will result in threats of vulnerability to food security and even
poverty. The impact intensity could be reduced if there are policies that can
produce incentives for farmers and other actors in the agricultural sector to
mitigate and adapt to the climate change as early as possible. Various ways can
be performed because the climate change is in accordance with necessity. The
experts summarize into 3 outlines namely anticipation, adaptation and
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mitigation strategies. In Lampung, the climate change causes droughts and
floods which have the potential to reduce rice production by 50-80% and reduce
the production of ruminants and goats 15-40%.
Starting from the condition of the superiority of the Lampung region as
a producer of food, especially rice and as an area of livestock barns in Indonesia
which has high productivity. On the other hand, the occurrence of climate
anomalies that are expected to have an impact on the sustainability of the
farming carried out by the farmers. As well as the impact on agriculture in
Lampung in the form of extreme droughts and floods. It is feared that it will
result in a decrease in rice production and a decline in livestock businesses and
threaten the sustainability of farming. The problem is to what extent the farmers
are responsive to the conditions of the change. Objective of the research is to
analyze the responsiveness of farmers in dealing with climate change in
Lampung.
MATERIALS AND METHODS
This research was performed in April-September 2017 through field
observation on wetland and dry land agro-ecosystems. Research locations were
determined purposively with consideration as a center of rice production and
ruminants (cattle/goats). The locations include (1) the area of Tanggamus
Regency covering Kota Agung Timur District (Talangrejo and Tanjung Anom
Villages); Gisting District (Campang Village, Gisting Atas and Sidokarto);
Sumberejo Subdistrict (Dadapan and Tegal Binangun Villages) as a center of rice
and Saburai goat livestock, (2) Central Lampung Regency in Punggur District
(Ngesti Rahayu Village) as a center of rice and cattle, and (3) Pekalongan
District, East Lampung as rice centers and Ongole cattle.
Data was collected by structured interviews to 100 farmers –breeders by
using a list of questions (questionnaires) according to the research objectives.
The number of respondent was taken randomly based on the amount of data of
farmers in the village selected/sampling frame (Singarimbun and Sofyan, 1989),
information was taken from extension agents or livestock service officials. Data
analysis was carried out in descriptive statistics (Nazir, 2005). The analysis focus
on the responsive analysis (response) of farmers to climate change related to
farming conducted by farmers.
RESULTS AND DISCUSSION
Response of Farmers to Climate Change
The results of the farmer response to climate change showed that
generally farmers are quite responsive to the existence of climate change related
to farming (Table 1).
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Table 1. Response of farmers-breeders against change climate in Lampung (%).
No.

Description

Total
(%)

Response Scale

1
2
3
4
Attention of farmers to
6,67
6,67
26,67
60,00
weather changes that
change frequently (%)
2.
The response of farmers
6,67
0,00
33,33
53,33
to the occurrence of
shifts rain throughout
the year (%)
3.
Farmers respond to
6,67
6,67
20,00
60,00
extreme heat (%)
4.
Farmers' attention to
13,33
13,33
13,33
60,00
extreme cold weather
(%)
5.
Attention of farmers to
6,67
6,67
13,33
60,00
the explosion of pests
and diseases (%)
6.
Farmers respond to the
6,67
6,67
26,67
53,33
shift in planting season
(%)
7.
Farmers' knowledge of
6,67
26,67
20,00
46,67
climate and climate
change (%)
8.
Knowledge of farmers
20,00
20,00
6,67
53,33
on the consequences of
changes in weather and
climate for agriculture
(%)
Description: 1 = Very Unresponsive; 2 = Not Responding; 3 = Fair Response; 4 =
Responsive
Source: Primary Data Survey of Farmers - Breeders in Lampung (processed in 2017)
1.

5
0,00

100

6,67

100

6,67

100

0,00

100

13,33

100

6,67

100

0,00

100

0,00

100

Response; 5 = Very

The analysis carried out on the response/responsiveness of farmers to
climate change consisted of attention of farmers to weather changes, the
response of farmers to the occurrence of shifts rain of the year, Farmers respond
to the occurrence of weather the extreme heat, the attention of farmers to
extreme cold weather, the attention of farmers to the explosion of pests and
diseases, the response of farmers to the shift of the planting season, the
knowledge of farmers about the changes in weather and climate, knowledge
farmers to the consequences of changes in weather and climate for the
agricultural world. This condition is in line with the research of Shi, J., et. al.
(2016) that a higher level of knowledge about the causes of climate change is
related to increasing concerns that will be responsive to climate change.
Anticipation of Farmers to Climate Change
The indicator of analysis of anticipation on lowland rice farmers to
climate change consist of : (a) preparing water pumps for anticipation of
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drought, (b) renting water pumps for anticipation of drought in rice plants, (c)
making rorak as water reserves for anticipation of drought in rice plants, (d)
making ponds in groups as water reserves for anticipation of drought in rice
plants, (e) strategizing in groups as countermeasures for anticipation of dryness,
(f) using mulch (waste plant litter) in a nearby location to conserve water use
during drought, (g) hold deliberation together to make alternative irrigation
water sources in the event of drought in rice plants, (h) make drainage channels
at rice planting locations to anticipate floods that will occur, (i) make a barrier/
dam building for protect rice plants from the dangers of flooding, (j) deliberate
in groups to regulate water control DAM to protect rice plants from the dangers
of flooding, (k) create rainwater ponds / reservoirs in rice planting locations to
anticipate not flooded, (l) conducting group meetings to solve problems (finding
solutions) in the event of a flood that inundates the rice field area, (m)
following/ paying for rice planting insurance if there is a risk of crop failure due
to drought/puso/flood, (n) preparing if at the time of the explosion an attack of
pests that attack rice plants, (o) doing gropyokan or joint control of the explosion
of pest attacks on rice plants. The analysis of anticipation showed in Table 2. The
most rice farmers in certain areas tend to be unprepared in anticipating climate
change.
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Table 2.Farmer action to climate change in rice field
No.

Description item

1
2
3
4
Preparing water pumps for anticipation
40,00
6,67
20,00
33,33
of drought (%)
2. Renting a water pump for anticipation
53,33
6,67
26,67
13,33
of drought in rice fields (%)
3. Make rorak as a water reserve for the
73,33
13,33
13,33
0,00
purpose of anticipating drought in rice
plants (%)
4. Making ponds in groups as water
80,00
6,67
6,67
6,67
reserves for anticipating drought in rice
plants (%)
5. Developing strategies in groups as a
33,33
20,00
20,00
20,00
countermeasure to anticipate drought
(%)
6. Using mulch (waste of plant litter) in a
53,33
13,33
20,00
13,33
nearby location to save water use
during drought (%)
7. Conducting joint deliberations to make
40,00
26,67
13,33
20,00
alternative irrigation/water sources in
the event of drought in rice plants (%)
8. Constructing drainage channels at rice
40,00
26,67
20,00
13,33
fields to anticipate floods (%)
9. Making barrier buildings/ dams to
53,33
26,67
20,00
0,00
protect rice plants from the dangers of
flooding (%)
10. Discussing in groups to regulate water
60,00
20,00
13,33
6,67
control DAM to protect rice plants from
the dangers of flooding (%)
11. Constructing a pool /reservoir / rorak
73,33
13,33
13,33
0,00
containing rainwater in the rice fields to
anticipate not to be flooded (%)
12. Conducting group meetings to solve
66,67
6,67
0,00
26,67
problems (finding solutions) in the
event of a flood swamping the rice field
area (%)
13. Applying insurance if there is a risk of
66,67
6,67
20,00
0,00
crop failure due to drought /puso / flood
(%)
14. Preparing yourself when a pest
0,00
13,33
20,00
46,67
explosion attacks rice plants (%)
15. Doing gropyokan or joint control of the
20,00
6,67
26,67
46,67
occurrence of an explosion of pest on
rice plants (%)
Description: 1 = Never; 2 = Rarely; 3 = Sometimes; 4 = Often; ; 5 = Very Often
Source: Primary Data Survey of Farmers - Breeders in Lampung (processed in 2017)
1.

Total
(%)

Response Scale
5
0,00

100,00

0,00

100,00

0,00

100,00

0,00

100,00

6,67

100,00

0,00

100,00

0,00

100,00

0,00

100,00

0,00

100,00

0,00

100,00

0,00

100,00

0,00

100,00

6,67

100,00

20,00

100,00

0,00

100,00

Whereas for the actions or anticipations of farmers to climate change
showed that most of farmers tend to prepare themselves in dealing with these
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conditions (Table 3).

Table 3. Anticipation of farmers to climate change in Lampung (%)
No.

Description item

Response Scale

1
2
3
4
5
Preparing fermented feed
13,33
0,00 33,33
46,67
6,67
reserves from materials
around the residence (%)
2.
Preparing fermented straw
20,00
6,67 40,00
26,67
6,67
in sufficient quantities to
supply feed for livestock
during droughts and floods
(%)
3.
Preparing specific strategies
13,33
6,67 20,00
53,33
6,67
for raising livestock when
there is a shortage of feed
(%)
4.
Planting sufficient amounts
6,67
0,00 13,33
60,00 20,00
of grass/hay as a supply for
livestock during droughts
and floods (%)
5.
Utilizing the types of waste
13,33
6,67 26,67
46,67
6,67
plants around the residence
as the main source of animal
feed (%)
6.
Conducting routine
0,00 20,00 33,33
40,00
6,67
treatment for livestock to
anticipate an attack of pest
disease (%)
Description: 1 = Never; 2 = Rarely; 3 = Sometimes; 4 = Often; 5 = Very Often
Source: Primary Data Survey of Farmers - Breeders in Lampung (processed in 2017)
1.

Total
(%)
100,00

100,00

100,00

100,00

100,00

100,00

The indicators or items of analysis were emphasized on the actions or
anticipation of farmers consist of: (a) prepare fermented feed reserves from
materials around the place of residence, (b) prepare fermented straw in
sufficient quantities to stock feed for livestock during drought or flood, (c )
prepare a special strategy for raising livestock, (d) Plant sufficient forage to
supply feed for livestock when there is a shortage of feed in sufficient quantities
to stock feed for livestock during droughts and floods, (e) utilize plant waste plants around the house as the main source of animal feed, (f) carry out routine
treatment for livestock to anticipate pests and diseases attack. This condition is
in line with the research has been done by Kettle et al., 2014that increasing the
understanding of a person, whether it is farmers, breeders, officers, policy
342

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345271

makers, etc. about the risks and impacts of climate change, will do management
actions related to adaptation planning such as climate change.
CONCLUSIONS
Farmers tend to be very responsive to climate change in the Lampung
region. In order to anticipate climate change, breeders provide food reserves by
planting forage crops and optimizing the use of agricultural waste around their
houses that are potentially used as feed. While, the efforts to anticipate climate
change by wetland rice farmers by searching and providing alternative
irrigation sources for the dry season and building drainage channels in extreme
rainy season.
The climate change tends to have a negative impact on the sustainability
of farming related to the emergence of pests and diseases explosion, decreasing
in food and livestock production, declining in the farmers income, the
sustainability of farming in terms of planting rotation, the availability of water
resources in the five-year cycle, and extreme drought and flooding at certain
times.
It is necessary to continuously disseminate information to farmers and
breeders on the impacts of climate change in Lampung by the government and
environmental observers. The community is encourage to constantly protect the
natural environment from potential damage.
The government needs to make an integrated program in areas efforts to
anticipate programs that are real in areas that are often affected by extreme
climate change in Lampung. These efforts include procuring and building of
alternative irrigation sources as water reserves in the dry season and drainage
channels and water reservoirs as a place to harvest water during the rainy
season.
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Effect of biofertilizer application on population of nitrogen fixing bacteria and
yields of chili pepper at Temanggung, Central Java
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ABSTRACT
The sustainability of chili production is influenced by plant pest disturbances,
for which farmers strive to suppress chili plant pests by using high chemical pesticides.
The application of environmentally friendly chili cultivation such as using biofertilizer
is needed to suppress negative impact for environment and chili quality. This study aims
to determine the effect of Agrimeth biofertilizer application on chili yield and population
of Nitrogen Fixing Bacteria. The study was conducted in April-August 2017,
Temanggung, Central Java. The study used a factorial randomized two-group design
with a combination treatment of three chili varieties and three frequency of agrimeth
biofertilizer applications, and each treatment replicated three times. Plant parameters
observed included plant height, number of fruit/plant/season, weight of
fruit/plant/season, soil analysis, analysis of nitrogen fixing bacteria population at the
end of the study. The results showed that the application of agrimeth was not
significantly different on average of plant heigh . The treatment of the application of
agrimeth 1 time a season produced the highest number of chili fruit (574 pc) and weight
of chili (2.09 kg) per plant per season, significantly different from the treatment of the
application of agrimeth 2 and 3 times per season. The highest population of nitrogen
fixing bacteria was occurred in treatment of agrimeth applied3 times.
Keywords: chili, biofertilizer, N fixation bacteria, environmentally friendly
INTRODUCTION
Chili is a horticultural commodity favored by Indonesian people. Price
fluctuations in these commodities contribute to inflation in Indonesia. Stable
chili production supports the stable supply and prices of chili in the market. The
plant pest disturbance is one factor that can cause crop failure of chili
production. According to Hasyim et al. (2015), high chili pest attacks in high
rainfall month and failure of conventional pest control leads to decreased yield
and chili productivity.
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Avoiding crop failure, farmers strive to control pest of chili plant by
using high chemical pesticides. The use of excessive chemical insecticide will kill
target pests and natural enemies of the pest. In addition, this has an impact that
disturbs ecosystem balance, environmental sustainability and the health of the
chilli produced. Therefore, it is necessary to apply environmentally friendly chili
cultivation.
Crop cultivation with environmentally friendly approach promotes
integrated pest control by using botanical pesticides and biological agents,
reducing the use of pesticides and chemical fertilizers, addition of organic
matter and use of biofertilizers to help increase nutrient supply for plants
(Nurlaily and Samijan, 2017; Astuti et al., 2013 ) Some of benefits and
advantages of the application of environmentally friendly chili cultivation are 1)
chili productivity increases continuously, 2) the maintenance of ecosystem
balance and biodiversity remain sustainable, 3) low pesticide residues, 4)
security and safety of farmers and consumers guaranteed, 5) reduce production
costs (Hasyim et al., 2015). This study aims to determine the effect of Agrimeth
biofertilizer application on chili yield and population of Nitrogen

Fixing

Bacteria.
MATERIAL AND METHODS
The study was conducted in April-August 2017, at Campursari village,
Ngadirejo, Temanggung, Central Java (7 ° 14'3 "S and 110 ° 2'17" E), the height of
the location was 994 m above sea level, and soil type was Inceptisols. Chili
(Capsicum frutescens L.) varieties tested included Sigantung, Carica, and Prima
Agrihorti. Biofertilizer used was agrimeth.
The study used a factorial randomized two-group design with a
combination treatment between three chili varieties and three intensity of
agrimeth biofertilizer applications, each treatment replicated three times. The
factors

involved

were cross-linked, with

homogeneous

environmental

conditions. The intensity of the biofertilizer application tested was control
(agrimeth appliedonce at 30 days after planting), agrimeth appliedtwice (at 30
and 40 days), and agrimeth appliedthree times (at 30, 40 and 50 days after
planting).
Each plot of chili pepper replica in the form of a bed measuring 4.5 m
length, 1.5 m width and 30 cm hight with the distance between beds 1 m. Each
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planting hole was 60x50 cm length, planted with one transplanted crop from the
nursery of 14 days after spreading the seeds, with criteria for stiff seedling
growth, 3-5 leaves, green leaf color and no disease pests.
Basal fertilizers used organic fertilizer were 2 tons/ha, NPK120 kg/ha,
SP36 50 kg/ha, Urea100 kg/ha. Supplementary fertilizers using60 kg/ha NPK
Mutiara (16:16:16), KCl fertilizer was gave 3 times, once application 2 kg KCl
with application time per 7 days. Fertila and ZK fertilizer were applied when
the plants were 30 and 60 days after planting, at a dose of 2 kg each application.
Irrigation was carried out only if necessary by observing crop conditions. Weed
control was carried out mechanically every week until the age of 30 days after
the plant was aged> 30 days, the control was carried out as needed.
Observed plant parameters included plant height: recorded when 50%
of the first fruit plants begin to mature (92 days); number of fruits/plants/season:
number of fruits harvested in each crop in 15 harvests; weight of
fruit/plant/season: weighed the fruit harvested in each crop in 15 harvests. The
initial and final soil analysis of the research was carried out in the Central Java
BBPTP laboratory. Analysis of nitrogen fixing bacteria population at the end of
the study.
Data analysis was carried out with the SAS 9.1 Program to determine the
value of significant differences between treatments based on DMRT advanced
test level of 5% (Littell et al., 2006).
RESULTS AND DISCUSSION
The chili cultivation with environment friendly appliesthe minimum
technology component such as organic matter, dolomite, and biofertilizers to
improve soil fertility. Pest and disease control is carried out with the principles
of integrated pest management (IPM) by reducing chemical insecticides use and
increase of biological agents use, installation of yellow traps, and fruit fly traps.
During land preparation, dolomite is given to increase soil pH. Dolomite
application at a dose of 0.5-1 t/ha is to achieve neutral pH (pH 6-7). The
application of organic matter (Organic fertilizer from composite of compost and
manure) is spread to a depth of 20 cm on each bed at a dose of 2 t/ha (Prastuti et
al., 2017).
Soil solarization is to cover the beds with transparent plastic
(polyethylene/PE) for two weeks. Solarization aims to suppress pathogenic
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populations and weeds that will grow or dormancy in the soil. Before closing
the plastic, the beds are flushed with water evenly, so that the solarization
process can be optimal, helping to loosen soil and increase soil temperature. The
effectiveness of solarization combined with the use of 10 cc/liter of PGPR (plant
growth promoting rhizobacteria) biological agent is sprayed on soil surface in 12 days after opening plastic solarization (Prastuti et al., 2017). Solarization
controls effectively a wide range of soil-borne pathogens, insects and weeds.
The use of organic amendments (manure, crop residues) together with soil
solarization (biofumigation) elevates the soil temperature by 1-3ºC, and
improves pest control due to a generation and accumulation of toxic volatiles
(Rubin et al.; 2011).
Pest control for fruit flies using Methil Eugenol which is installed in the
plant area with a height above the chili plant. Planting refugia (sunflowers,
Cosmos caudatus and paper flowers) surrounding the plants is useful for inviting
predatory insects and diverting pests from the main plants. Yellow traps are
also used primarily for monitoring and controlling pests Liriomyza chinensis.
This trap uses a clear plastic bottle that is inserted in yellow paper on the inside
of the bottle and mouse glue on the outside of the bottle. Traps are installed
immediately after planting with a total of 40 traps/ha (<10 ha overlay). Disease
control efforts are carried out with Trichoderma application starting four days
after planting with a dose of 2-5 ml/L of water and repeated once a week and
pest control with Beauveria routine spraying starting seven days after planting
with a dose of 2-5 ml/L and repeated once a week (Prastuti et al., 2017).
Table 1 shows the availability of N, P and K nutrients was categorized at
moderate to very high levels. The excessive use of chemical fertilizers in
previous planting will leave nutrients in the soil that are not absorbed by plants.
This is supported by acidic soil conditions where in these conditions some
nutrients are not available for plants. According to Novizan (2002), nutrients are
easily absorbed by plant roots at a neutral soil pH of 6-7, because at these pHs
some nutrients are easily dissolved in water. On the other hand, the soil organic
matter content is low, so giving organic fertilizer will help increase soil organic
matter content and can increase soil pH (Novizan, 2002). The addition of
agricultural lime is needed to increase the pH of the soil close to neutral so as to
achieve optimum conditions for plant growth.
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Table.1. The initial soil analysis of the environmentally friendly Chili Farming in
Campursari Village, Ngadirejo District, Temanggung Regency
Parameters

Method

pH H2O

Electrode

pH KCl

1)

Value

Criteria1)

5.03

acid

4.05

C-Organic (%)

Spectrophotometry

1.76

Low

N-Kjeldahl (%)

Titrimetry

0.24

Medium

P2O5 HCl 25% (mg/100g)

Spectrophotometry

191.20

Very high

K2O HCl 25% (mg/100g)

Spectrophotometry

42.60

high

P2O5Bray (ppm)

Titrimetry

38.67

Very high

Source : Laboratory analysis results

Table 2 shows that the increase in the frequency of agrimeth aplication
did not affect the plant height of chili. The plant height of all chili varieties was
not significantly different from the frequency of agrimethgiving once, twice and
3 times. The highest plant height was averaged in 2 times agrimeth application a
season. Agrimeth biofertilizers contains Methylobacterium sp., Azotobacter sp.,
Bacillus

sp.,

Rhizobium

sp.,

and

Bradyrhizobium

japonicum

(balittanah.litbang.pertanian.go.id). The biofertilezer produces phytohormones
which are beneficial in the absorption of macro and micro nutrients in the soil,
stimulate

plant

growth,

flowering

and

maturation

of

seeds

(balittanah.litbang.pertanian.go.id). According to Kumar et al.(2002), the
maximum plant height, leaf area per plant, and dry matter production per plant
of chilli (Capsicum annuum L.) were achieved with being to be supplied with
75% N, P plus 100% K in addition to the inoculation of Azotobacter, azospirillum,
phosphate solubilizing bacteria (PSB) and vesicular arbuscular mycorrhiza
(VAM).
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Table 2. Height and yield of chili plants with biological fertilizer applications
Chili variety

Frequency
of agrimeth
Plant

height

(cm)

Prima

Carica

Once

124.97 a(A)

126.97 a(A)

117.58 a(A)

123.17 a

Twice

137.21 a(A)

121.49 a(AB)

116.70 a(B)

125.13 a

Three times

130.70 a(A)

119.21 a(B)

117.18 a(B)

122.36 a

Average

130.96 A

122.56 B

117.15 B

Agrihorti

Varieties
Number

of

fruit/plants/se
ason (pc)

of

fruit/plant/sea

Average

Sigantung

Carica

Prima Agrihorti

Once

497.27 b(B)

308.27 a(B)

918.82 a(A)

574.79 a

Twice

670.64 ab(A)

265.82 ab(B)

384.82 b(B)

440.42 b

Three times

739.55 a(A)

204.36 b(C)

365.09 b(B)

436.33 b

Average

635.82 A

259.48 B

556.24 A

Varieties
Weight

Average

Sigantung

application

Average

Sigantung

Carica

Prima Agrihorti

Once

1.96 a(B)

1.18 a(B)

3.14 a(A)

2.09 a

Twice

2.53 a(A)

0.90

1.21 b(B)

1.55 b
1.51 b

ab(B)

son(kg)
Three times

2.38 a(A)

0.78 b(C)

1.36 b(B)

Average

2.29 A

0.95 C

1.90 B

*)Values in the same column followed by letter same are not significantly different according
to DMRT 0.05

The highest number and weight of fruit per plant in Prima Agrihorti
variety with agrimeth applied once was 918.82 fruits and 3.14 kg which was
significantly different with agrimeth applied twice or three times. In Sigantung
variety, the highest number of fruits per plant per season at 3 times agrimeth
application was not significantly different with 2 times the application of
agrimeth and was significantly different from thagrimeth applied three times.
The Carica variety, agrimeth is given once a season, yiele treatment of ding
highest amount and weight of chilli, while it was not significantly different from
the treatment of twice agrimeth application and significantly different from the
treatment of 3 times agrimeth application. The highest number and weight of
fruit per plant per season was averaged of 574.79 pieces and 2.09 kg at the
frequency of 1 time agrimeth application was significantly different from the
treatment of 2 times and 3 times agrimeth application for a season. Research
results from Khan and Pariari (2012) showed that the inoculation ofAzospirillum
+75% N alongwith P & K gave maximum fruit yield (10.25 t/ha), number of
fruits/plant (80.20), fruit length (6.72 cm) and oleoresin content (19.80 %) of
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Chilli. All growth parameters such as plant height (62.75cm) and number of
branches/plant (25.15) of Chilli (Capsicum, Annuum L.) was found highest with
Azospirillum +100% N + PK, which were at par with Azotobacter + 100% N + PK.
According Jaipaul et al. (2011) the highest fruit yield (9.27 tonnes/ha) of Capsicum
annuum was recorded in plots receiving recommended NPK + farmyard manure
+ biofertilizers.
Table 3. Population of Nitrogen-fixing bacteria with the addition of biofertilizers
Frequency of
biofertilizers
1 x Agrimeth

Population of BPN (cfu/g soil) in each variety

Average

Sigantung

Carica

Prima Agrihorti

nd

1.12 x 105

4.31 x 10 4

5.17 x 104

nd

nd

1.00 x 107
3.03 x 107

7

2 x Agrimeth

3.01 x 10

3 x Agrimeth

8.75 x 107

4.79 x 105

3.12 x 10 6

Average

3.92 x 107

1.97 x 105

1.05 x 106

Note: nd = not detected; cfu = colony forming unit

Table 3 shows that the frequency of agrimeth applied 3 times favored
development of BPN population. The highest population was 3.03 x 107 cfu / g
soil. Agrimeth biofertilizer contains nitrogen fixing bacteria including
Azotobacter sp., Rhizobium sp., Bradyrhizobium japonicum, which also enhances the
microbial population of N-fixing in soil. This bacteria is able to fix free nitrogen
so that it increases N element in the soil. High soil microbial populations
stimulate biochemical activity in the soil and improve soil quality index. The use
of N2 fixing bacteria is a part of environmental friendly agriculture that reduce
potentially the need for synthetic N fertilizer (Saraswati and Sumarno, 2008).
CONCLUSIONS
There is not interaction between chili variety and biofertilizer
application. The intensity of agrimeth application did not significantly influence
plant height of chili. The agrimeth applied once each season gave significantly
the highest amount of chili (574.79 pc) and chili yield (2.09 kg) per plant
compared with application twice and three times. The highest population of
nitrogen fixing bacteria was obtained on treatment of agrimeth applied 3 times
per season.
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ABSTRACT
Feces of beef cattles can be utilized as soil amendment and renewable energy. the
population of beef cattles in Boyolali regency is raising and their feces potential for
materials of biodigester. Biogas energy produced from a fixed dome type digester has
been used as the main source of household energy as additional income for farmers. The
purpose of the research is to utilize the waste stools of beef cattle farms as biogas to be
used for household energy sources, to realize the village's own energy from biogas, the
beef cattle farming business in the village takes place without waste and is
environmentally friendly. The activity was a part of The Village Partner Development
Program which implemented method of : (1) extension using FGD (Focus Group
Discussion) technique accompanied by an evaluation of the progress of the level of
knowledge and understanding of the material, (2) training in the manufacture and
production of household biogas digester production, (3) ongoing monitoring and
evaluation. The level of acceptance of biogas technology in Jagoan Village Boyolali was
influenced by extension intensity factors, farmer experience, education, motivation and
ownership of beef cattle. The farmers' knowledge has increased 120% in producing
biogas and 200% in the manufacture of fixed dome type biogas digester installations.
Each biogas digester covers 4 family heads. The income of beef cattle business by using
biogas in Jagoan Village, Boyolali Regency was obtained from the addition of business
revenue with various variables of fixed costs and costs. Scale III income (> 4 head) is
greater than scale I (<3 head) and II (3-4 head). LPG gas consumption decreased by 75%
and the decrease in fuel wood energy reached 85%. LPG gas savings by 20 tubes per
year and 300 bundles of firewood per year.
Keywords: cattle, biogas, energy, farmers income, environmental Friendly
INTRODUCTION
Jagoan Village located in Boyolali Regency, Central Java has population
density of 100 km2 with the number of housed hold 1,086, the total population
of 3,768 people, 30% of most of the productive age ranges 25 - 55 years. The
condition of Jagoan Village, including livelihoods, is very suitable for beef cattle
farming. Livestock groups "Sambi Mulyo", "Berkah Mulyo" and "Sido Mulyo" in
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Jagoan Village, Sambi District, Boyolali Regency are groups of fattening
livestock. The most breedings of beef cattle are Simental ongole crossbred and
Limousin ongole crossbreed cattle business. The existence of this group as a
media of togetherness expand the fattening of cattle in Jagoan Village, the
economic zone and the welfare of families and communities.
One of beef cattle breeding business is feces waste or manure. However
feces waste has not been upgraded economically. The farmer groups at Jagoan
village have 100 – 175 livestocks that managed by 60 farmers and each farmer
has 2-3 cows. The member of farmer group is 150 people. Cattle fattened for 4-5
months. Each cow produces fresh manure range of 15-30 kg per day which can 2
m3 of biogas or equivalent to LPG 9.6 kg (Lutojo et al., 2014a).
Biogas can save costs of IDR 200,000 per month for cooking purposes
compared to LPG (Lutojo et al., 2014b). The produced biogas is distributed
through pipes with a radius of up to 1 km from the cattle cage to housing for
cooking purposes (Lutojo et al., 2010). However, only 10% of Jagoan villagers
whom install biodigester as a source of stove energy, while 90% do not utilize
feces as a source of biogas energy. Efforts are needed to increase the existing
biogas capacity with socializing the manufacture of a new biogas digester for all
farmers to realize an energy independent village.
The general objective of the Program of Self-Village Development under
the Ministry of Research and Technology in 2017 - 2019 is to realize the Jagoan
Village, Boyolali district as the independent village of biogas bioenergy and the
welfare of community. The special objective is Jagoan Village to become a
village with communities and breeders who rely on household energy using
biogas energy and save on LPG energy usage costs. The following program
impact is that beef cattle farming in Jagoan Village, Boyolali takes place
environmentally friendly and zero waste. The purpose of the research is to
utilize the waste stools of beef cattle farms as biogas to be used for household
energy sources, to realize the village's own energy from biogas, the beef cattle
farming business in the village takes place without waste and is
environmentally friendly.
MATERIALS AND METHODS
Science and Technology Application Method
Instructional methods and dialogues through extension program
activities using FGD (Focus Group Disscusion) techniques were accompanied by
an evaluation of the progress of the level of knowledge and understanding of
the material by calculating the percentage of progress in the form of a
comparison of the pre-test and post-test values. Material consisted of the
understanding of biogas, biogas processes, benefits of biogas, biogas installation
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components, biogas digester manufacturing, biogas production methods, biogas
stove handling and biogas treatment. Training method was done through
demonstration of making biogas digester method by making and applying
biogas digester.
Extension activities with the FGD method were carried out to transfer
science and technology from the team to the target group to solve the problems
being faced, which were related to the management of biogas production
management (Lutojo and Riyanto, 2014). Counseling was carried out through
lecture and discussion methods. To find out the acceptance and increase
knowledge and understanding of faecal potential, pre-test and post-test
evaluations were carried out (Lutojo et al., 2010). The pre-test and post-test
material was made the same time, the pre-test was carried out before extension
and post-test was carried out after counseling. Evaluation material was related
to faecal utilization for biogas production. The evaluation was made by invating
farmer to answer 15 questions. Each question only provides two answers,
correct or wrong. Participants choose answers by crossing the answer sheet.
Evaluation of the level of progress was calculated by looking for the percentage
of correct answers from 15 questions both pre-test and post-test, then the
difference in value is sought by the percentage of the pre-test value. The
application and socialization of making biogas digester followed Lutojo et al.
(2010). The use of monitoring methods through integrated and continuous
monitoring techniques involves linkages between agricultural agency in
Boyolali and local government with the IbDM Team of the Animal Husbandry
Department of UNS carried out FGD techniques which accompanied by an
evaluation of the progress of the level of knowledge and understanding of
material in various activities such as dissemination of information programs,
demonstration plots, marketing, monitoring and evaluation, reporting,
presentation of results of activities, publications in journals.
Linkage Model
The PPDM involves the Animal Husbandry Department, Faculty of
Agriculture, Sebelas Maret University, with the, the local government of
Boyolali District, Central Java Province, and the Livestock Group "Sambi
Mulyo", "Berkah Mulyo" and "Sido Mulyo" Boyolali. The Role of IbDM Team
Animal Husbandry Department Faculty of Agriculture Sebelas Maret University
is as an innovation carrier in the form of socialization of the manufacture of
biogas digester.
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Evaluate the results of activities
Evaluation of activity results was carried out thoroughly and
continuously by giving an assessment of the farmer's response to counseling
about the use of household-scale biogas installations. Evaluated results of
training and skills of farmers are focused on the implementation of householdscale biogas digester. The level of new income additions for beef cattle farmers
"Sambi Mulyo", "Berkah Mulyo" and "Sido Mulyo" Boyolali was also evaluated,
including who use biogas as the main energy source for household scale.
RESULTS AND DISCUSSION
Counseling and Training
Counseling is done to transfer science and technology from the team to
the target group to solve the problem being faced, which is related to the
management of biogas production. The problem of potential use of faeces as
biogas materials and the knowledge of farmers who have not been able to
maximize faeces are resolved through counseling and training. The faeces or
cow dung in Jagoan village presently still are as waste and do not maximally
utilized their economic value.
Farmers' knowledge on faecal utilization is still limited to being a source
of organic fertilizer only and most of the feces are still disposed of around the
cage. Manure is an organic material that stores farmers' knowledge of faecal
utilization, which is still disposed of around the cage. Manure is an organic
material that holds potentially as energy source in the form of biogas which can
be used as a source of energy for stoves for households. The purpose of the
extension activities is to provide knowledge and understanding of the use of
biogas from fecal beef cattle for energy biogas stoves. Potential of biogas as an
energy source can be used for home stoves stairs. The value of material
knowledge progress was 120% for Sambi Mulyo, 165% for Sido Mulyo, and
105% for Berkah Mulyo. The role of farmers in a participatory manner and
extension workers must be synergized well, so that the impact of counseling
itself can be seen to the fullest.
Pilot Project
The 10 m3 biogas installation was made to accommodate for 4-5 headof
beef cattle. The cage renovation in needed to make the stool flow perfectly into
the biogas installation. A biogas installation is made with a fixed dome model or
a model of a digester dome remains permanently planted in the ground. The
biogas installation includes the inlet, digester, outlet, and container of biogas
waste (slurry). The completeness of the biogas installation is included in this
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activity, namely the installation of a biogas purification unit, installation of a
paralon to transport biogas to the farmer's stove, and the procurement of a
biogas stove.
It has been built and started producing biogas from the installation.
Biogas from biogas stoves can already be used as a household energy source.
Currently farmers who use biogas stoves are no longer using household energy
sources from LPG. Within one month the farmer can save cost of purchasing 2
LPG tubes worth IDR 30,000 per month. Each unit of biogas capacity of 10m3
biogas is flowed from the digester unit to the paralon pipe to the farmer's house.
The distance between the biogas installation and the breeder's house is the
closest to 10 meters and the farthest 300 m. Management of the handling and
use of biogas is regulated by farmers by alternately channeling feces into the
stirring unit, mixing feces with water, and stirring. Every day the collected stool
is channeled to the stirring unit before entering the digester. Stirring is done
every morning alternately. Biogas stoves by farmers are used as a heat source
for cooking, boiling water and others.
Results Evaluation
In Jagoan Village, the use of feces for biodigester has been carried out.
The faeces are currently increasing in value, which previously was only as
waste, now increase its value to become a source of biogas. Stored beef cattle
there are no more stools. Cages become cleaner and healthier and there is no
waste anymore (zero waste) and the environment becomes healthy and
environment friendly. Farmers have increased their understanding of the
demand for faecal use for biogas production. For farmers whose houses are not
adjacent to the cage, biogas is flowed using plastic paralon pipes from the
biogas installation to the house. Since using biogas stoves, farmers have never
used LPG again for household energy. The cage building and environment are
healthy and easy to clean and there are no more stools around the cage.
Factors for receiving biogas technology.
The extension intensity factor and the farmer experience influence the
acceptance of biogas technology, while the education, motivation and beef cattle
ownership factors do not affect the acceptance of biogas technology in livestock
farmer groups in Jagoan Village. Acceptance of biogas technology is influenced
by two factors, namely internal factors and external factors. Internal factors
influence acceptance of age biogas, formal education, non-formal education,
income, livestock ownership, cosmopolitan level and farmer experience, while
external factors influence biogas revenues are extension agents, institutional
support and external motivation. These factors will be maximized if all elements
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consciously and responsibly accept the biogas technology (Lukman, 2008). At
the farmer level, the extension activities are directed on farmers behavior in
accepting a technology. However, most farmers decided to reject the
technology, even though has been tested on other farmers but there is difficulty
to change the farmer's belief in receiving a biogas technology (Novikarumsari,
2014).
Business contributions and income
The income of beef cattle business by using biogas in Jagoan Village,
Boyolali Regency is obtained from the sum of business income of beef cattle by
using biogas which is reduced by the amount of fixed costs and variable costs.
The results showed that scale III was bigger than scale I (<3 head) and II (3-4
head). This is influenced by the sale of more cattle. Scale III (> 4 head) of beef
cattle business with biogas utilization has higher income. According to
Hernanto (1993), the greater productivity or number of products produced will
be higher income derived from the business.
The contribution of beef cattle business to use livestock manure into
biodigester on farmer income is the percentage of income derived from beef
cattle folk business by using biogas on the total income of beef cattle farmers.
The source of income of beef cattle farmers comes from beef cattle business by
using biogas and other businesses. According to Rubiansyah (2001), the greater
income from outside the livestock business obtained by the farmer willl be more
cash so that the capital to develop the business is greater. The contribution of
income derived from beef cattle business by using livestock manure into biogas
is diverse. Soehadji (1992) states that scale II is still classified as a part-time
business because income is still below 30%, on a scale I and III can be said that
the business becomes a major or commercial business. According to Rubiansyah
(2001), the income contribution of a business is small (<30%) then the business is
a part-time business.
The income of biogas farmers is higher than the income of non-biogas
farmers. There is a difference between the income of biogas farmers and nonbiogas farmers. Energy consumption by farmers changes after using biogas.
Energy consumption decreased 3 times from before. The existence of biogas
affects the level of energy consumption by farmers in saving energy derived
from LPG and firewood. The decrease of the two energy sources is more than
double the initial use. LPG gas consumption decreased by 75% and decreased
fuel wood energy consumption reached 85%. LPG gas is saved by 20 tubes per
year and 300 bundles of firewood per year. The amount of energy used by
respondents to cook both from LPG and fuel wood also changes before and after
using biogas. The biogas technology used by farmers gives economical benefits,
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namely decreased LPG and fuel wood energy consumption after using biogas.
According to Elizabeth and Rusdiana (2011), biogas technology is the proper
utilization of beef cattle waste to produce energy as well as organic fertilizer.
This means that biogas gives environmental and economical benefits.
CONCLUSIONS
The acceptance level of biogas technology in Jagoan Village Boyolali is
influenced by extension intensity factors, farmer experience, education,
motivation and ownership of beef cattle. Farmers' knowledge has increased
120% in producing biogas and 200% in the manufacture of fixed dome type
biogas digester installations. With using biogas, the environment is healthy,
safe, no stool odor, and environmentally friendly. Biogas is used as a household
energy source that to meet the daily needs of the family. There has been a
decline in LPG use by 70% and a decrease in the use of firewood 55%.
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ABSTRACT
Indonesian government efforts to realize the sustainable food self-sufficiency is
through rice cultivation on rainfed area. Rice cultivation used high yield rice variety and
site specific nutrient management (SSNM) aim to improve fertilizer efficiency and
reduce N2O emission from rainfed area. The study was conducted on growing season
2015-2016 at Research Station of Indonesian Agriculture Environment Research
Institute with rice varieties and fertilization treatments. Five rice varieties were used for
this study, namely Inpago 8, Towuti, Batutegi, Inpari 14 and Situ Bagendit as control.
Fertilization using SSNM based on Permentan No. 40/OT.140/4/2007 and the existing
farmers. Dosage of fertilizer used by district of Jaken Pati is organic fertilizer (manure) 2
ton/ha, Urea 325 kg/ha, SP-36 50 kg/ha, KCl 30 kg/ha. Dosage of fertilizer existing of
farmers use manure 4 ton/ha, Urea 250 kg/ha, SP-36 100 kg/ha and KCl 100 kg/ha. The
results showed that Situ Bagendit variety in SSNM produced the lowest N2O
emissions(0.88 kg/ha/season).
Keywords : emission, variety, fertilization, rainfed
INTRODUCTION
Climate change as a result of global warming has been ongoing on the
earth, and this is a serious threat to the agricultural sector. Climate change
occurs due to an increase in the concentration of greenhouse gases in the
atmosphere. The negative effects of climate change include drought, floods and
pest attacks. One of the gases from rice fields that contribute to GHG emissions
is N2O, although the contribution of N2O gas to the atmosphere is low (6% of the
total greenhouse effect) but N2O gas has a very stable nature and has a long
residence time of up to 150 years (Balitbangtan, 2014). The agricultural sector
contributes to N2O emissions by 79% of the total national N2O emissions (SNC,
2010). Therefore, it is necessary to mitigate N2O by using balanced between
inorganic and organic fertilizers and the selection of high yield rice variety.
Fertilization recommendations on rice cultivation are generally
inefficient because of differences in soil fertility and nutrition requirements
between locations. Therefore, in determining fertilizer dosage in rice cultivation
in a region has its own considerations. One way to save fertilization that can still
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increase rice productivity and maintain environmental sustainability is by site
specific nutrient management (SSNM). SSNM is a technological innovation
developed by the International Rice Research Institute, Indonesian Center for
Food Crops Research and Development, Indonesian Center for Rice Research
and Indonesian Agency for Agricultural Research and Development which
contains guidelines for determining recommendations for fertilizing irrigated
and rainfed lowland rice plants (Faroka, 2013; Pudjianto, 2016). According to
Zaini (2012), one of the benefits of SSNM technology is to provide an efficient
fertilization strategy (type, dosage and time application). Utilization of SSNM
technology is expected to use N fertilizer can be more efficient and also can
reduce N2O emissions without ignoring the increase in production, farmer
income and environmental sustainability.
At present, the production of rice produced is still unable to national
needs, especially reaching the food self-sufficiency target. To achieve food selfsufficiency, it is necessary to adapt the technology, namely high yield rice
variety and management of site specific nutrient. According to Adisarwanto et
al., (2007), besides having high productivity, high yield rice variety is an easy
and inexpensive technology for farmers. This study aims to determine the N2O
emissions in rice cultivation used high yield rice variety and management of site
specific nutrient.
MATERIALS AND METHODS
The study was conducted on growing season 2015-2016 at Research
Station of Indonesian Agriculture Environment Research Institute (IAERI)
located at Jaken, Pati, Central Java. The study locations included lowland with
an altitude of ± 7 m mean sea level. According the soil taxonomy the soil type in
locations was inceptisols. The experimental design was a Randomized Block
Design (RBD), with a plot area of 11 x 10 m. The experiment used two
treatments, namely fertilization and rice varieties. Fertilization using SSNM
based on Permentan No. 40/OT.140/4/2007 and the existing farmers. Dosage of
fertilizer used by district of Jaken Pati is organic fertilizer (manure) 2 ton/ha,
Urea 325 kg/ha, SP-36 50 kg/ha, KCl 30 kg/ha. Dosage of fertilizer existing
farmers use manure 4 ton/ha, Urea 250 kg/ha, SP-36 100 kg/ha and KCl 100
kg/ha. Rice varieties were used for this study, namely Inpago 8, Towuti,
Batutegi, Inpari 14 and Situ Bagendit as control. Seeds planted using rice seeder
with jajar legowo 2:1 (20 x 10 x 40 cm). Before the seeds are planted, deep tillage
is done by using a tractor. Irrigation comes from rainfall, while pest control is
adjusted to field conditions.
Gas samples were measured using close chamber method. Gases were
taken on interval time of 10, 20, 30, 40 and 50 minute after closing chamber.
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Thesize of chamber was 30 x 40 x 50 cm. N2O concentration in the gas samples
was estimated using a Gas Chromatography (GC Shimadzu 14A) equipped by
Electron Capture Detector (ECD).The N2O emissions was calculated using the
following equation(IAEA, 1993):

E=

𝑑𝑐 𝑉𝑐ℎ 𝑚𝑊
273.2
𝑥
𝑥
𝑥
𝑑𝑡 𝐴𝑐ℎ 𝑚𝑉 (273.2 + 𝑇)

Where :
E
: N2O emissions (kg/ha/season)
dc/dt : difference of gases concentration per time (ppm/minute)
Vch
: volumeof chamber(m3)
Ach
: area of chamber(m2)
mW
: weight of gases moleculeN2O (g)
mV
: volume of gases molecule N2O (22,4 l)
T
: average of temperature during gases sampling (oC)
Parameters recorded were soil pH, number of tillers, biomassa, heavy
1000 grain and grain yield. ANOVA was used to calculate plant parameter,
Tukey’s (p < 0.05) was done to find out the differences between the recorded
parameters.
RESULTS AND DISCUSSION
The N2O fluxes were determined from 29 until 85 day after
transplanting (DAT). The N2O emissions in all the treatments were very diverse.
The N2O emissions among the rice varieties were around 0.88-2.98 kg/ha/season
(Fig. 1). Situ Bagendit variety in SSNM produced the lowest N2O emissions,
while Inpari 14 variety in existing farmers produced the highest N2O emissions.
The N2O emissions from Inpago 8, Towuti, Batutegi, Inpari 14 and Situ Bagendit
in SSNM were 1.81; 1.22; 1.37; 1.51; 0.88 kg/ha/season respectively. The N 2O
emissions from Inpago 8, Towuti, Batutegi, Inpari 14 and Situ Bagendit in
existing farmers were 1.78; 1.14; 1.74; 2.98; 1.07 kg/ha/season respectively. The
agriculture sector was responsible for about 87.2% of N2O emissions, mainly
from animal waste management and agricultural soils (Cerri et al., 2009). The
main sources of N2O are the application of N-fertilizer on soil, fossil fuel
combustion and some natural mechanisms that occur in terrestrial and aquatic
ecosystems. The annual increase rate varies from 0.2 to 0.3% (Signor and Cerri,
2013).
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Figure 1. The total N2O emissions among rice varieties
Most of the N2O is produced through the biological processes of
nitrification and denitrification. Soil temperature, soil moisture, soil pH are of
great importance for nitrication and denitrification, because they determinate
the activity of microorganism (Davidson and Swank, 1986). Measurement of soil
pH and GHG sampling were carried out simultaneously. In this study, soil pH
was relatively low (4.88-5.30). The lowest soil pH was found in Towuti variety
with existing farmers, while the highest soil pH was found in Inpago 8 variety
with SSNM. According to Simek and Cooper (2002), low soil pH decreases
denitrification rates, but simultaneously the contribution of N2O production to
total nitrogenous gas production by denitrification is increased.
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pH
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Figure 2. Soil pH during the growth period
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Emissions and production are two things that are closely interrelated in
efforts to adaptation and mitigation GHG emissions. Good agricultural practices
should be applied to increase rice production and to promote environmental
friendly agriculture system. Therefore, the information of productivity from
high yield rice varieties and N2O emission are needed on rice cultivation.
Table 1. Yield component among rice varieties
SSNM
Varieties

Number
of tiller

Biomass
(g)

Inpago 8
Towuti
Batutegi
Inpari14
Situ
Bagendit

39
72
39
56
72

108
94
183
91
120

Heavy
1000
grain (g)
32.2
30.9
27.4
27.6
29.2

Grain
yield
(t/ha)
5.39
4.84
5.99
4.19
5.09

Number
of tiller
67
80
47
67
70

Exixting Farmers
Heavy
Biomass
1000
(g)
grain (g)
134
32.1
106
29.6
134
26.7
83
29.5
133
30.0

Grain
yield
(t/ha)
5.94
3.96
7.19
4.16
3.75

Data describing the yield component among rice varieties are presented
in Table 1. The number of tillers from five varieties in the generative phase is
very diverse. The highest number of tillers was found in Towuti variety with
existing farmers (80 tillers), while the lowest number of tillers was found in
Inpago 8 and Batutegi variety with SSNM 39 tillers respectively. The difference
in number of tillers is caused by genotype and environmental factors (Suyamto
et al., 2015). These factors are the cause of differences in rice yields. The number
of tillers at generative phase has a direct effect on rice yield, the excessive and
ineffective number of tillers makes plants inefficient in producing grain. The
grain yield was maximum in Batutegi using existing farmers fertilization (7.19
t/ha) and minimum in Towuti using existing farmers fertilization (3.96 t/ha).
CONCLUSIONS
The results of the study showed that Situ Bagendit variety in site specific
nutrient management (SSNM) produced the lowest N2O emissions (0.88
kg/ha/season) and Inpari 14 variety in existing farmers produced the highest
N2O emissions (2.98 kg/ha/season).
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ABSTRACT
Rice is an important crop for Indonesian people. Through the Ministry of
Agriculture (MoA), rice research on improving productivity and quality has been
conducting. The MoA has been producing 4-5 of high yielding rice cultivars every year.
But, unfortunately rice cultivation is considered as a contributor of methane emissions.
Increasing methane concentration in the atmosphere could lead global warming. A
study to identify the quantity of methane emissions from high yielding rice cultivars
was conducted in Indonesian Agricultural Environment Research Institute (IAERI).
Eight rice cultivars, consisted of one old and famous rice cultivar in farmer’s practices
(Ciherang) and seven new rice cultivars (Unsoed 1, Hipa 14 SBU, Unsrat 2, Inpari 23,
Inpari 28, Inpari Sidenuk and Inpari 16) were used. All of rice cultivars were planted
using direct seeded system on July – November 2017. Measurement of methane fluxes
was carried out using automatically closed chambers installed permanently in the field.
It was observed that that the average methane fluxes varied with different cultivars
ranging between 4.22 and 609.68 mg m-2 day-1. Seasonal emission rates of methane were
significantly different among the cultivars. The high methane emissions were observed
in the cultivar of Unsoed 1 (340 kg ha -1), followed in Hipa 14 SBU (261 kg ha -1). The
intermediate methane emissions were observed in the cultivars of Inpari 23 (196 kg ha -1),
Inpari 16 (189 kg ha-1) and Inpari Sidenuk (188 kg ha-1). The lower methane emissions
were observed in the cultivars of Ciherang (184 kg ha -1), Unsrat 2 (164 kg ha-1) and
Inpari 28 (147 kg ha-1). The rice yield was not significant among rice cultivars. The
highest and lowest rice yields were 6.18 and 5.57 t ha -1 produced by the cultivars of
Inpari Sidenuk and Inpari 28, respectively.
Keywords:methane, rice variety, high yield, Indonesia
INTRODUCTION
Agriculture sector contribute to global greenhouse gas (GHG) emissions
around 6-14%, mainly by CH4 and N2O emission. CH4 and N2O are the two most
important GHGs from agriculture with the 100 years Global Warming Potential
(GWP) of 34 and 293 CO2-eq, respectively (IPCC, 2013). It is reported that
around 15–20% of global anthropogenic methane emission is from paddy field
(Smith et al, 2007). The emission of CH4 into the atmosphere depends on several
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factors such as water management, amendment of organic and inorganic
fertilizers, rice varietal characteristics and soil environment (Mitra et al., 1999).
There are large differences in CH4emissions between fields with
different rice cultivars because of the plant differences in methane production,
oxidation and transport capacities (Kaushik et al., 2008; Lou et al., 2008 and Ma
et al., 2010). The CH4 emitted by plant-mediated transport accounted for more
than 90% of the total emissions (Sass et al, 1990) and depends on aerenchyma
system among rice cultivars (Inubushi et al, 2003). Setyanto et al (2004) stated
that the use of selected rice cultivar could release lower CH4 without decline the
yield. Differences of rice cultivars to release CH4 depends on its characteristic
and agro-ecological condition Yu et al (2013) suggested that there was a large
potential to mitigate CH4 emissions by rice cultivar selection. The objective of
this study was to identify the quantity of methane emissions from high yielding
rice cultivars cultivated in Indonesia.
MATERIALS AND METHODS
Experimental design and crop management
Field experiment was conducted in theResearch Station of Indonesian
Agricultural Environment Research Institute (IAERI) located at Sidomukti,
Subdistrict of Jaken, district of Pati, Central Java Province. The location lies
between 111o10’E longitude and 6o45’S latitute. The area is dominated by
rainfed rice, with average of rainfall, maximum and minimum of temperature,
daily temperature and solar radiation during the experiment was 303 mm, 42 oC,
23.0oC, 37.3oC and 62970 Cal cm-2, respectively. The soil at the experiment site
was sandy loam and low organic matter. Table 1 presents the physico-chemical
properties of the experimental soil.
Eight of high yielding rice cultivars, namely Ciherang, Unsoed 1, Hipa
14 SBU, Unsrat 2, Inpari 23, Inpari 28, Inpari Sidenuk and Inpari 16 were
planted by direct seeded in plots of 6 m x 6 m with three replications in
randomized block design (RBD). These rice cultivars differed in their growth
characteristics (Table 2). Chemical fertilizers were applied at 120:45:60 kg
N:P2O5:K2O ha-1. One-third dose of urea, half dose K2O and full dose of P2O5
were applied at the active tillering growth stage. The other one-third doses of
urea and half dose of K2O were applied at the maximum tillering or panicle
initiation stages. Flooding water was maintained at 5 cm above soil surface
during plant growing and the field was dried before harvesting.
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Methane flux measurement
Methane fluxes were determined from 16 until 97 day after sowing
(DAS). Gas samples were collected with using the close chamber method.
Chambers of 105 cm length, 105 cm width and 125 cm height made of acrylic
transparent sheets were used. The chamber was operated automatically based
on distributed control system during rice growing. Gases were taken on interval
time of 4, 8, 12 and 16 minutes after closing chamber.
Methane concentration in the gas samples was determined by using a
Gas Chromatograph (GC 2014, Shimadzu) equipped with a Flame Ionization
Detector (FID). The methane flux was calculated using the following equation:

E=

𝑑𝑐 𝑉𝑐ℎ 𝑚𝑊
273.2
𝑥
𝑥
𝑥
𝑑𝑡 𝐴𝑐ℎ 𝑚𝑉 (273.2 + 𝑇)

Where E is flux of CH4 and N2O (mg m-2 day-1), dc/dt is difference of gas
concentration per time (ppm minute-1), Vch is volume of chamber (m-3), Ach is
large of chamber (m-2), The size of chamber was 105 cm x 105 cm x 125 cm, mW
is weight of gases molecule (g), mV is volume of gases molecule (22.41 l) and T
is average of temperature during gases sampling (oC).
Plant parameters and statistics
Number of tillers and plant height were recorded at different plant
phase (active tiller, maximum tiller, heading, milky and maturity), while grain
yield and rice straw were recorded at the time of harvest.
The Minitab 16.0 version was used to calculate the means for methane
emissions and plant parameters. Tukey’s (p<0.05) was done to find out the
differences between the recorded parameters.
RESULTS AND DISCUSSION
Table 1. Observed characteristics of rice cultivars during plant growing
Rice cultivars
Ciherang
Unsoed 1
Hipa 14 SBU
Unsrat 2
Inpari 23
Inpari 28
Inpari Sidenuk
Inpari 16

Yield
( t ha-1)
5,81
5,87
5,88
5,64
5,85
5,57
6,18
6,07

Growth duration
(days)
100
106
110
105
105
105
104
100

Maximum
height (cm)
96
>100
>100
>100
96
100
98
92

Tiller number
per hill
14-16
17-19
14-18
10-15
11-14
13-17
14-19
15-16
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Figure 1. Methane fluxes from rice cultivars of Unsoed 1 and Hipa 14 SBU
Methane fluxes from different rice cultivars are presented on Figures 1, 2
and 3. Figure 1 shows the pattern of methane fluxes from rice cultivars of
Unsoed 1 and Hipa 14 SBU. The maximum methane fluxes were 609.68 and
526.87 mg m-2 day-1 for the cultivars of Unsoed 1 and Hipa 14 SBU, respectively.
The average of methane fluxes from those cultivars were 317.54 and 237.09 mg
m-2 day-1, respectively.

Figure 2. Methane fluxes from rice cultivars of Inpari 23, Inpari 16 and Inpari
Sidenuk
Figure 2 shows the patterns of methane fluxes from Inpari 23, Inpari 16
and Inpari Sidenuk with the maximum methane fluxes of 345.72, 462.65 and
337.35 mg m-2 day-1, respectively. The methane fluxes average of those cultivars
were 186.44, 179.72 and 186.67 mg m-2 day-1, respectively.
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Figure 3 shows the pattern of methane fluxes from rice cultivars of
Ciherang, Unsrat 2 and Inpari 28. The peaks of fluxes were 455.14, 334.86 and
390.33 mg m-2 day-1, and average methane fluxes were 187.17, 157.43 and 146.08
mg m-2 day-1, respectively.

Figure 3. Methane fluxes from rice cultivars of Ciherang, Unsrat 2 and Inpari 28
Seasonal methane emission showed significant difference among the rice
cultivars (Table 2). The highest and lowest methane emissions were observed in
the cultivars of Unsoed 1 and Inpari 28, respectively. We have categorized the
rice cultivars into three groups as high, intermediate and low methane
emissions. The high methane emissions were observed in the cultivars of
Unsoed 1 (340 kg ha-1) and Hipa 14 SBU (261 kg ha-1). The intermediate methane
emissions were observed in the cultivars of Inpari 23 (196 kg ha-1), Inpari 16 (189
kg ha-1) and Inpari Sidenuk (188 kg ha-1). The lower methane emissions were
observed in the cultivars of Ciherang (184 kg ha -1), Unsrat 2 (164 kg ha -1) and
Inpari 28 (147 kg ha-1). We found that seasonal methane emissions has a positive
correlation with effective number of tillers (r2 = 0.403, n = 16), plant height (r2 = 0.
378, n = 16) and aboveground biomass (r2 = 0.658, n = 16). Rice yield (grains) was
not significantly different among the rice cultivars. The highest yield was
produced by cultivar of Inpari Sidenuk and the lowest by Inpari 28.
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Table 2. Seasonal methane emission, plant parameters and rice yield
Methane
Effective of
Plant Aboveground
Rice cultivars
emission
tillering
height
biomass
(kg ha-1 season-1)
number
(cm)
(t ha-1)
Ciherang
Unsoed 1
Hipa 14 SBU
Unsrat 2
Inpari 23
Inpari 28
Inpari Sidenuk
Inpari 16

184 c
340 a
261 b
164 c
196 bc
147 c
188 bc
189 bc

13 bc
16 a
13 bc
11 c
12 bc
14 ab
14 ab
13 bc

95 bc
105 a
103 a
100 ab
95 bc
99 ab
100 ab
91 c

5.91 a
8.34 a
7.53 a
5.73 a
5.93 a
6.93 a
6.28 a
6.85 a

Rice
yield
(t ha-1)
5.81 a
5.87 a
5.88 a
5.64 a
5.85 a
5.57 a
6.18 a
6.07 a

Means followed by same letter do not significant different

Rice cultivars significantly contributed to methane emissions. Different
cultivar may play an important role in controlling methane emissions from rice
field (Gutierrez et al., 2013). We found that each rice cultivar has different
pattern on methane fluxes, particularly for high, intermediate and lower rice
cultivars groups. The high methane cultivars showed increase fluxes sharply on
30 DAS and continued to generative phase.
CONCLUSIONS
The high methane emissions were observed in the cultivars of Unsoed 1
and Hipa 14 SBU. While the intermediate methane emissions were observed in
the cultivars of Inpari 23, Inpari 16 and Inpari Sidenuk. The lower methane
emissions were observed in the cultivars of Ciherang, Unsrat 2 and Inpari 28.
The rice yield was not significant among rice cultivars. The highest and lowest
rice yield were 6.18 and 5.57 t ha -1 produced by variety of Inpari Sidenuk and
Inpari 28, respectively.
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ABSTRACT
The appropriate management of suboptimal dryland expands potentially
agricultural areas because the soil properties in such an area are very diverse in each
region and agroclimatic zone. A field study and laboratory analysis have been carried
out to assess soil chemical characteristics in several soil orders in suboptimal dryland of
Aceh Besar District, Indonesia. There are five soil orders representing soil types in the
areas, namely Inceptisol Blang Bintang, Andisol Saree, Mollisol Krueng Raya, Ultisol
Jantho, and Oxisol Lembah Seulawah. Samples were taken for each horizon layer from
the soil orders. Analyses of the soil physical and chemical properties were done,
including texture, pH (in H2O and KCl), organic C , total N, total P2O5 and K2O
contents, available P, exchangeable base cations (Ca-, Mg-, K-, and Na-exch), potential
cation exchange capacity (CEC), Al- and H-exch., base saturation (BS), and electrical
conductivity (EC). The results showed that soil physical properties and chemical
characteristics varied between soil orders, but soil fertility status in some soil orders was
predominantly low. This low fertility status is indicated by acid soil reaction (pH 5.256.48), low total C (<10 g/kg), low total N (0.7–2.7 g/kg), and low of bases saturation
(<40%), so that these soils require the addition of soil amendments and fertilizers. Soil
orders with low soil fertility are Oxisols, Ultisols, and Inceptisols, while other soil orders
such as Andisol and Mollisol are classified as medium soil fertility. The order of soil
quality from the highest to lowest is: Mollisols = Andisols > Ultisols = Oxisols =
Inceptisols.
Keywords: suboptimal dryland, soil order, soil chemical properties, fertility constraints
INTRODUCTION
A suboptimal land is a land that has low soil productivity and fertility,
rendering it unable to support optimal plant growth. In general, the suboptimal
land is divided into two typologies: dryland and wetland. In Indonesia, the area
of dryland reaches 144.5 million hectare (ha), and most of them belong to acidic
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mineral soils because of their pH of less than 5.5 (Sufardi 2012). The most
extensive spread of acidic drylands is found in 3 major islands, namely
Kalimantan, Sumatera, and Papua. Most of the sub-optimal dryland require the
appropriate technology to improve their agricultural qualities (Lakitan and
Gofar, 2013).
In Aceh Province, the potential for dryland for agriculture is still vast,
reaching 1,154,445 ha. According to BPS Aceh Besar (2013), 79,238 ha of dryland
are utilized potentially for agriculture in Aceh District which consists of the rest
of the land functions as non-irrigated rice fields (6,946 ha), moorland area (
46,761 ha), fields (21,892 ha), and abandoned land (3,639 ha). Based on the
vastness of the area, the suboptimal dryland in Aceh Province is considered as a
potential natural resource for agricultural development, especially in increasing
yields of food crops, horticulture, and plantations in order to maintain national
food demands. Its potential is capable of strengthening Indonesian food
security. However, despite having been developed since 1985 by implementing
various technological innovations, the results are still not optimum compared to
the production plants on rice fields.
The main problem of dryland areas for agriculture improvement is low
soil fertility caused by some chemical constraints that limit plant growth, such
as soil acidity and nutrient availability. According to Abdurachman et al. (2008),
dryland generally has low soil fertility, and low organic matter content. This
condition is exacerbated by the limited use of organic fertilizers, especially in
seasonal food crops. Furthermore, the levels of soil organic matter in the tropics
are rapidly decreasing naturally, reaching 30-60% within ten years (Suriadikarta
et al., 2002). Also, carbon elements from organic bonds are converted to carbon
dioxide by microorganisms which decreases gradually soil organic matter
(Stevenson, 2010; FAO, 2005; Sposito, 2008).
Another problem on drylandis low soil pH. Many soils in wet tropical
climate are found to be acidic, especially those belonging to the soil orders of
Ultisols, Oxisols, Inceptisols, Andisols, and Spodosols (Sanchez, 2010), which
are often referred to as irregularly charged acidic mineral soils (Uehara and
Gillman, 1981). These soils are characterized by low soil pH (pH <6.5), low soil
CEC, low base content, and high phosphate fixation (Sanchez, 2010). Sufardi et
al. (2017) reported that most of drylands have low organic C content, low total
N, low base saturation, and low cation nutrient availability, low soil CEC, and
low available P (Helmi et al.. 2017; Martunis et al., 2017). However, research
conducted by Husni et al. (2016) in Pidie district resulted that some drylands
turned out to have a high soil CEC (> 35 cmol/kg) and very high available P (>
40 mg/kg). The results of these studies indicate that soil chemical characteristics
in dryland depend on the level of soil type, climate, and soil management.
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Although general information about the constraints and soil fertility
status in dryland farming systems has been widely known, the specific
information on each soil type and the agroclimatic zone is limited. Therefore, a
field observation is indispensable to obtain data of soil physical and chemical
characteristics on dryland farming systems. This study aims to determine the
physical properties and soil chemical characteristics and evaluate soil fertility
status in several soil orders in the suboptimal dryland in Aceh Besar District,
Indonesia.
MATERIALS AND METHODS
This research was carried out in Aceh Besar District, Aceh Province
(Indonesia) in five pedons from several soil orders representing suboptimal
dryland, which can be potentially developed as food crops. The study began in
May until August 2018. The soil orders were identified through morphological
observations, determination of the characteristic horizons of each profile of soils,
and laboratory analysis. Field observation techniques and soil type nomenclatur
are based on the USDA soil classification system (Soil Survey Staff, 2014). Five
soil orders that used in the study were Inceptisols (Oxic Haplustept) Blang
Bintang (S1), Andisols (Eutric Hydrudand) Saree (S2), Oxisols (Plinthic
Kandiudox) Lembah Seulawah (S3), Mollisols (Typic Calsicaquoll) Krueng Raya
(S4), and Ultisols (Typic Kandiaqult) Jantho. Each horizon was taken about one
kilograms of soil samples to analyze soil physical and chemical properties in
laboratory.
The soil analysis of physical and chemical properties included soil
texture (pipette method), soil pH, total C and N, total of P2O5 and K2O, available
P, exchangeable cations of Ca, Mg, K, and Na, cation exchange capacity (CEC),
exchangeable Al and H, and electrical conductivity (EC). The soil pH was
measured in H2O and 1M KCl suspenstions (1: 2.5). Organic C was determined
by Walkley and Black method through wet destruction with H2SO4 and K2CrO7
solution. Total N was determined using Kjeldahl method while the P 2O5 and
K2O were extracted with 25% HCl reagent. Available P was analyzed using Bray
II method (0.25 N HCl + 0.30 N NH4F). P in the 25% HCl extract and Bray II were
measured by spectrophotometer, while the K was measured by AAS (atomic
absorption spectrophotemeter). Base cations of soils were extracted with 1N
NH4COONH3 pH7, and the contents of Ca, Mg, K, and Na in the extract were
measured by AAS. Soil CEC is determined by ammonium acetate method pH 7
and ECw of soil is measured by electrical conductivity meter. Soil fertility status
is assessed using five criteria of soil chemistry i.e. CEC, base saturation (BS),
total P2O5, total K2O, and organic C.
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RESULTS AND DISCUSSIONS
Description of soil order
Fields observation of several soil orders including Inceptisol, Andisol,
Mollisol, Ultisol, and Oxisol is presented in Table 1. The results align with what
some studies have suggested about Aceh Besar's dryland, which showed that
most of suboptimal soils were dominated by Inceptisols and Entisols (Sufardi et
al., 2017). Inceptisols generally develop from the parent material of clay
sedimentary rocks and volcanic ash, while Andisols are found on the side of the
volcanically active mountain (Seulawah Agam mount), whose mineral
composition is an allophanic (amorphous mineral) group (Aceh Geological
Map, 2016). Mollisols are found in a rather arid climate region in the northern
part of Aceh Besar District with lime parent material (carst), which produces a
soft and humus-rich soil matrix (Sufardi et al., 2017). Oxisols originate from
further weathering of old volcanic parent materials located at the bottom of
Seulawah Agam mount. This soil order is sometimes found in association with
Ultisols, Inceptisols and Andisols.
Table 1. Soil classification of some soil pedons in suboptimal dryland of Aceh
Besar District according to the Soil Survey Staff (2014)
No.
Pedon
S1

Site/
Village
Blang
Bintang

Coordinate
Point
05o36’58.41” N
95o47’51.82” E

Inceptisols (Oxic Haplustept, clayic,
mixed, ferritic, isohyperthermic)

S2

Saree

05o06’58.41” N
95o27’51.82” E

Andisols (Eutric Hydrudand,
medium, allophanic, isohyperthermic)

S3

Lembah
Seulawah

05o27’19,4” N;
95o46’19,2” E

Oxisols (Plinthic Kandiudox, clayic,
ferritic, isohyperthermic)

S4

Kreung
Raya
Jantho

Soil Classification

05º36’36,6” N; Mollisols (Typic Calcicaquolls, loamy,
95º35’12,2” E
mixed, isohyperthermic)
o
S5
05 16’58.41” N Ultisols (Typic Kandiaqult, clayic,
95o37’51.82” E kaolinitic, isohyperthermic
Source: Field observation and laboratory analysis (2018)

Physical properties of soil
Table 2 shows that soil texture varies between soil type and horizons.
Most of textural fraction are generally dominated by silt fraction. Silt fraction
varied from 39-75%, clay from 11-49%, and the sand fraction is relatively smaller
ranging from 6-29%. Based on field observations, the soil structure generally has
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blocky type in the upper layer and in the subsurface layer is dominated by
subangular type. It also tends to be more massively structured with depth.
Table 2. Physical properties of soil at each horizon layer of several soil orders in
suboptimal dryland of Aceh Besar District
Soil order
S1
Inceptisol
Blang Bintang

S2
Andisol
Saree
S3
Oxisol
Lb
Seulawah

S4
Mollisol
Kreung
Raya
S5
Ultisol
Jantho

Sand Silt Clay Textur
Soil Colour
-------- (%) ---------- e class
20
46
34
SL
10YR 5/6
10
42
48
SL
7.5YR 5/8
18
41
41
SL
5YR 4/8
13
41
46
CL
5YR 5/6
9
46
45
SiL
7.5YR 5/6
14
59
27
SiL
7.7 YR 2/2
13
61
26
SL
10 YR 2/3
13
50
37
SiL
7.5 YR 3/4
17
67
16
SiL
7.5 YR 3/4
10
49
41
SiL
7.5 YR 4/4
9
65
26
SiL
7.5 YR 4/6
6
58
36
SiL
5 YR 4/4

AB
BA
Bw
Bob1
Bob2
Ap
AB
Bw
BC
A
AB
BA

Depth
(cm)
0 – 25
25 – 60
60 – 80
80–107
>107
0 – 20
20 – 38
38 – 60
>60
0 – 10
10 – 35
35–69

BO1
BO2
Ap
BA
Bk1

69–104
104-150
0-40
40-75
75-110

9
10
7
6
6

65
45
83
83
83

26
45
10
11
11

SiC
C
SiC
CL
LC

5 YR 4/8
5 YR 5/6
10 YR 1.7/1
10 YR 3/2
10 YR 4/3

Subangular
Subangular
Blocky
Massive
Massive

Hard
Hard
Soft
Slighty hard
Slighty hard

Bk2
Ap
AB
BA
Bt1
Bt2
Bw2

>110
0 – 10
10 – 27
27 – 45
45 – 97
97-125
>110

6
29
18
14
13
12
12

75
50
57
60
54
39
42

16
21
25
25
33
49
46

C
L
CL
CL
CL
C
C

10 YRR 5/2
7.5 YR 5/6
10 YR 5/6
10 YR 6/6
10 YR 7/1
10 YR 5/1
10 YR 5/1

Massive
Columnar
Columnar
Subangular
Subangular
Subangular
Subangular

Hard
Soft
Slighty hard
Slighty hard
Slighty hard
Hard
Hard

Horizon

Consistency
(moist)
Blocky
Crumbly
Blocky
Soft
Subangular Soft
Subangular Hard
Subangular Hard
Crumb
Crumbly
Subangular Soft
Subanguler Crumbly
Subangular Crumbly
Blocky
Crumbly
Subangular Soft
Subangular Soft
Structure

Sumber: Laboratory analysis and field observation (2018)
SL = sandy loam, CL = clay loam, SiL = silty loam, SiC= silty clay, C= clay, LC = loamy clay, L
= Loam

Chemical Characteristics of Soil
Soil chemical characteristics in each horizon layer of the five soil orders
are seen in Table 3.
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Table 3. The value of pH, contents of total C, N, P2O5, and K2O, and available P
for each horizon layers of the soil orders in the suboptimal dryland of
Aceh Besar District
Soil order
S1
Inceptisol
Blang Bintang

S2
Andisol
Saree
S3
Oxisol
Lembah
Seulawah
S4
Mollisol
Kreung Raya
S5
Ultisol
Jantho

Horizon

Depth
(cm)

pH
H2O

pH
KCl

AB
BA
Bw
BOb1
BOb2
Ap
AB
Bw
BC
A
AB
BA
BO1
BO2
Ap
BA
Bk1
Bk2
Ap
AB
BA
Bt1
Bt2
Bw2

0 – 25
25 – 60
60 – 80
80 – 107
>107
0 - 20
20 - 38
38 - 60
>60
0 – 10
10 – 35
35 – 69
69 – 104
104-150
0-40
40-75
75-110
>110
0 - 10
10 – 27
27 – 45
45 - 97
97 - 125
>110

5.44
5.36
5.83
6.00
5.94
5.30
5.56
5.87
6.06
5.25
5.43
5.58
5.40
5.36
6.48
8.35
8.37
8.44
5.26
5.97
6.34
6.41
6.60
5.96

4.41
4.48
5.20
5.49
5.38
4.25
4.35
4.69
4.64
4.09
4.12
4.24
4.07
4.00
5.08
6.66
6.73
6.77
3.88
4.00
4.53
4.65
4.74
4.41

TOC

TN

---(g kg-1) --9.9
0.7
8.2
0.6
4.5
0.5
3.7
0.4
3.6
0.5
44.4
2.7
39.5
2.5
14.2
1.4
9.8
0.8
9.4
0.8
4.8
0.6
4.5
0.6
3.6
0.5
3.4
0.5
19.3
1.3
12.9
1.4
4.9
0.3
3.2
0.4
18.9
1.0
5.3
0.4
4.4
0.4
3.7
0.4
2.3
0.3
2.8
0.4

C/N
14.1
13.7
9.00
9.25
7.20
16.4
15.8
10.1
12.3
11.8
8.00
7.50
7.20
6.80
14.8
7.25
16.3
8.00
18.9
13.3
11.0
9.25
7.67
7.00

Total Total Available
P2O5 K2O P (Bray II)
--- (mg hg-1) -- (mg kg-1)
101
20
1.05
53
25
1.55
78
103
1.75
66
6
1.15
46
6
1.25
83
5
2.50
213
72
2.50
754
4
3.00
74
83
6.00
87
49
1.75
77
21
1.30
73
25
1.35
90
7
1.40
64
6
5.50
74
95
4.50
83
157
5.00
12
78
7.60
29
166
12.5
221
61
1.55
156
79
1.45
129
59
2.85
230
66
2.00
37
5
1.50
101
20
1.35

(1) Soil pH
Table 3 shows that pH H2O and pH KCl in soils vary with soil orders
and horizon layers (depth). In general, the actual pH or pH H2O varies from
acidic conditions (pH 5.25) to slightly alkaline (pH 8.44). The soils with acidic
reaction were found on Inceptisols Blang Bintang, Andisols Saree, Oxisols
Lembah Seulawah, and Ultisols Jantho whereas the soils with is neutral to
slighty alkaline is found on Mollisols Krueng raya. The soil pH tends to increase
with deeper depth. The tendency of increasing pH also happens in pH KCl,
although the pH value is smaller than that of pH H2O.
Based on these data, it can be concluded that the soils on suboptimal
dryland in Aceh Besar District have a problem with soil acidity. Therefore, it is
necessary to provide soils amendments that can reduce soil acidity, or by
planting plants that are tolerant to soil acidity (Sanchez and Salinaz, 1982).
Although most of soil orders included in acidic mineral soils (Sanchez, 2010),
but no soil with extreme acidic pH or pH <4.50 found from the observations.
This is also supported by the results of exchangeable Al analysis (Al-exch), that
381

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345276

the exchangeable Al in soil is relatively small and even there are of soils not
contain of Al-exch (the data not presented). The low value of pH KCl compared
to that of pH H2O indicates that the soil in suboptimal dryland in the Aceh Besar
district is classified into negatively charged soil (Uehara and Gillman, 1981).
(2) Total C and N content
Organic matter is an important component of an ideal soil system (Bohn
et al., 2010). The content of organic matter in mineral soils ranges 1.0 to 10%.
Ideally, each soil should contain at least 5% organic matter, especially in the
upper layers (FAO, 2005). Table 4 presents that the total C content in several soil
orders varied from very low to high (2.3 to 39.5 g/kg C, or 4.6 to 79 Mg/ha). The
total C content in suboptimal dryland areas in Aceh Besar District varies greatly
with soil orders, although in general most of the area is dominated by soil with
low C content. The soil orders containing low total C were found in Inceptisols
Blang Bintang, Oxisols Lembah Seulawah, and Ultisols Jantho. Soils that contain
medium total C were found in Mollisols Krueng Raya. High total C conten soils
were found in Andisols Saree. The soil C content also decreases with depth
because of organic matter accumulation in the upper layer (horizon A) due to
enrichment or melanization process (Stevenson 2010).
The low organic C in Inceptisols, Ultisols, and Oxisols is casued by its
genesis. These three soils are formed from parent materials of sedimentary rocks
or clay which lack in organic matter, in addition to the fact that these soils have
been developed. Another reason is that these soils are formed in warm climate
zones, which promotes rapid decomposition of organic matter and thus causes
destruction of C from organic bonds to released carbon dioxide (Liski et al.,
1999; Stevenson, 2010; Sposito, 2008). Kirschbaum (1995) reported that the
effects of temperature in the tropics can encourage the loss of C in the form of
CO2, causing global warming. This shows that the problem of scarcity of organic
matter on suboptimal soil is a common case in wet tropical climates (Sanchez,
2010). The results of this study are consistent with reports in Sufardi et al. (2017)
who stated that most of the soils in Aceh dryland has a low total C and N.
The organic matter content in soil reflects soil quality (Stevenson 2010)
because they can directly or indirectly improve soil physical, chemical and
biological properties (FAO, 2005; Sanchez, 2010; Sufardi, 2012). In most tropical
climates zones, the soils contain a total C ranging from 1 to 5% (Bot and Benites,
2005). Therefore, efforts to maintain the balance of soil organic matter is a highly
recommended in tropical soils especially on dryland (FAO, 2005; Sufardi et al.,
2017; Martunis et al., 2017). Organic matter also functions as a source of
nutrients, especially N, in which it can contain 3-10% (Nadi et al., 2004). The
results of this study also show that the total N content in soil is generally low
with range of 0.3 to 2.7 gkg N or equal to 0.6 to 5.4 Mg/ha. The available N
content is relatively low, which range of 6 to 54 kg N/ha.
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(3) Total P2O5, total K2O, and available P
The P2O5 and K2O extracted by 25% HCl are used as indicator of soil
fertility, although this value does not always correlate with available forms
(Sufardi, 2012). Table 3 shows that the content of P 2O5 extracted by HCl 25% on
topsoil in all soil orders was found to be sufficient because of its content > 20
mg/hg which included moderate to high criteria (29 mg to 740 mg/hg) or 0.58 to
1.48 Mg/ha. This data also shows that the total P2O5 content in suboptimal
dryland in Aceh Besar District tends to vary in each type and also different in
each layer of the horizon. This variation occurred because of difference of parent
material, weathering level, climate, and the content P of soil (Mengel and
Kikrby, 2010).
Table 3 also shows that available P (Bray II) in most soil orders,
especially Inceptisols Blang Bintang, Andisols Saree, Oxisols Seulawah, and
Ultisols Jantho is very low, ranging from 1.05 to 6.0 mg/kg or equivalent to 4.85
to 27.7 kg P2O5/ha. In Kreung Raya Mollisols, the P content is available slightly
higher but is still relatively low at 4.5-12.5 mg/kg or 20.79 to 57.75 kg P2O5/ha.
This shows that despite the total P content of the soil, it is relatively high but the
P content is low. This is presumably because the soil found in Aceh Besar's
suboptimal dryland area has high phosphate fixation. One indication is the
presence of Andisols, Ultisols, and Oxisols soil orders which are known to have
high P fixation so that they often cause P deficiency in cultivated plants
(Sanchez, 2010). Andosols have high amorphous fractions that are highly
reactive to phosphate so that the binding of P to this soil is very high, reaching
even more than 92 percent (Mengel and Kikrby, 2010). The high P retention in
Andisols is one of the characteristics of Andisols (Soil Survey Staff 2014). Low
available P can be overcome by applying organic amendments and utilizing
mycorrhizae to release P from minerals or binding (Karnilawati et al., 2013;
Sufardi et al., 2013).
The total K2O content in each soil type in Aceh Besar District's dryland
varies greatly between the soil type (order) and horizon layer, and generally
very low to very high, while the K-exch value of soil in each type of soil is
almost uniform that is all included in the category is very low (<0.2 cmol/kg).
Most of soils have enough phosphate and potassium reserves but the
availability of potassium is very low. This is presumably because the source of K
in the soil is an original minerals that are not easily decayed. This forms does
not correlate directly with the release of K into the soil solution (Havlin et al.,
2010). To increase the solubility of K minerals can be overcome by adding
organic matter, because organic matter can dissolve soil minerals (Mengel and
Kirby, 2010; Marschner, 2010).
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(4) Exchange cations, CEC, BS and EC
The results of analysis showed that four soil orders (Inceptisols Blang Bintang,
Andisols Saree, Oxisols Lembah Seulawah, and Ultisols Jantho) have low
exchangeable cations (Ca, Mg, K, and Na), and only Mollisols Krueng Raya that
has a high number of cations (Table 4). The exchangeable Ca in soils varies
slightly between soil depths and it can classified as very low to low (0.71 to 8.32
cmol/kg). The Ca-exch at each horizon of Mollisols Krueng Raya were very high
ranging from 29.8 to 44.3 cmol/kg in the deeper horizon.
Table 4. Exchangeable base cations, CEC, and BS at the horizon layers of the soil
order in several horizons of suboptimal dryland of Aceh Besar District
Soil order
S1
Inceptisol
Blang
Bintang
S2
Andisol
Saree
S3
Oxisol
Lembah
Seulawah
S4
Mollisol
Krueng Raya
S5
Ultisol
Jalin

Horizo
n

Depth
(cm)

AB
BA
Bw
BOb1
BOb2
Ap
AB
Bw
BC
A
AB
BA
BO1
BO2
Ap
BA
Bk1
Bk2
Ap
AB
BA
Bt1
Bt2

0 – 25
25 – 60
60 – 80
80 – 107
>107
0 - 20
20 - 38
38 - 60
>60
0 – 10
10 – 35
35 – 69
69 – 104
104-150
0-40
40-75
75-110
>110
0 - 10
10 – 27
27 – 45
45 - 97
97 - 125

Exchangeable base cations
Sum of
CEC
Ca-exch Mg-exch K-exch Na-exch cations
----------------------- (cmol kg-1) ----------------------1.61
0.36
0.12
0.23
2.32
9.83
2.01
0.36
0.10
0.25
2.72
7.54
2.27
0.36
0.05
0.29
2.97
8.25
2.20
0.36
0.04
0.30
2.90
14.9
2.44
0.36
0.03
0.31
3.14
8.12
3.08
0.34
0.24
0.18
3.84
18.3
2.42
0.35
0.14
0.19
3.10
17.4
3.23
0.36
0.38
0.21
4.18
20.9
4.14
0.36
0.19
0.22
4.91
23.5
2.05
0.36
0.19
0.20
2.80
14.4
1.74
0.35
0.03
0.19
2.31
12.6
1.89
0.36
0.05
0.21
2.51
13.1
1.77
0.36
0.03
0.23
2.39
14.1
1.56
0.36
0.03
0.24
2.19
13.4
29.8
0.37
0.37
0.35
30.89
52.6
41.7
0.39
0.30
0.38
42.77
61.5
44.2
0.39
0.24
0.42
45.25
62.5
43.6
0.38
0.29
0.41
44.68
59.8
4.00
0.38
0.21
0.41
5.00
14.7
7.57
0.37
0.19
0.42
8.55
36.0
4.35
0.38
0.17
0.42
5.32
33.5
8.32
0.38
0.12
0.39
9.21
30.9
0.71
0.39
0.17
0.40
1.67
36.9

BS
(%)
23.6
36.1
36.0
19.5
38.7
21.0
17.8
20.0
20.9
19.4
18.3
19.2
17.0
16.3
58.7
69.5
72.4
74.7
34.0
23.8
15.9
29.8
4.50

EC
dS m-1
0.04
0.04
0.02
0.02
0.02
0.04
0.02
0.01
0.02
0.05
0.02
0.02
0.03
0.02
0.17
0.30
0.40
0.30
0.05
0.05
0.07
0.04
0.06

The levels of Mg-exch in all soil orders were very low (<0.40 cmol/kg),
while K-exch varied from very low to moderate (0.03-0.38 cmol/kg). The
availability of exchangeable cations especially Ca, Mg, and K in dryland soils at
Aceh Besar is generally limited and this becomes a constraints for plant growth
especially in the order of Inceptisols, Andisols, Oxisols and Ultisols, but
availability of Ca, Mg, and K in Mollisols is relatively high. The deficiency of
Ca, Mg, and K can inhibit plant growth (Havlin et al., 2010; Marschner, 2010;
Mengel and Kikrby, 2010; Sufardi, 2012). Table 4 also shows that the levels of
Na-exch at each horizon of the five soil orders are categorized as very low to
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low (0.18-0.42 cmol/kg) and relatively not so different between soil orders. This
shows that there is no indication of the influence of salt (Na) on soils in
suboptimal land of Aceh Besar. The low levels of Na-exch are also reflected in
EC value which is also very low (0.01-0.17 dS/m).
The most of soils in the dryland area of Aceh Besar District (Inceptisols,
Andisols, Oxisols, and Ultisols) have a low sum of cations because it is less than
10 cmol/kg, except in Mollisols Krueng Raya. In the Mollisols Krueng Raya, sum
of cations ranges 30.89 to 45.25 cmol/kg, which means that this soil is better
quality than other soils. Table 4 also shows that the value of soil CEC on
suboptimal dryland in Aceh Besar District varies between types of soil and
between layers of horizon. In Inceptisols Blang Bintang, CEC varied from 7.4 to
14.9 cmol/kg (low), Andisols Saree varied from 17.4-23.5 cmol/kg (moderate),
Oxisols Lembah Seulawah ranged from 12.6 -14.4 cmol/kg (low), Mollisols
Krueng Raya varies from 52.6-62.5 cmol/kg (very high), and Ultisols Jantho
varies from 14.7 to 36.9 cmol/kg ( low to high). Based on the CEC value of soils,
the highest to lowest CEC sequence is Mollisols > Ultisols > Andisols > Oxisos l>
Inceptisols. Base saturation (BS) of soils also varies between soil orders and
horizons (depth), but the soils in suboptimal dryland of Aceh Besar have low
base saturation (<35%) for the Inceptisols, Andisols, Ultisols, and Oxisols, but in
Mollisols Krueng Raya, the percentage of base saturation is high (> 50%). Based
on this data, it can be said that low BS value of soils is one of contraint in
suboptimal dryland of Aceh Besar District, because the BS value reflects the
number of exchanged cations that occupy soil colloids (Bohn et al., 2010).
Status of Soil Fertility
Assessment soil fertility status in suboptimal dryland of Aceh Besar
District shows that the soil fertility could be divided into two categories, namely
low and medium soil fertility status (Table 5). Soil orders with low fertility
include Inceptisols Blang Bintang, Oxisols Lembah Seulawah, and Ultisols
Jantho, while a medium category are Andisols Saree and Mollisol sKreung
Raya. Low fertility in dryland soils had been reported by Martunis et al. (2017).
The low soil fertility status on drylands of Aceh Besar due to several limiting
factors such as low organic matter content, low CEC, low base saturation, and
low exchangeable cations.
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Table 5. Soil fertility status of several soil orders on suboptimal dryland of Aceh
Besar District
Soil fertility parameters
pH (H2O)
C-Organic (Walkley &
Black, g/kg)
P2O5 total (HCl 25%,
mg/100g)
K2O total (HCl 25%,
mg/100g)
CEC 1N NH4COOCH3
pH7
(cmol/kg)
Base saturation (%)
Soil fertility status

Inceptisols
Blang
Bintang
5.44 A

Andisols
Saree
5.30 A

Oxisols
Lembah
Seulawah
5.25 A

Mollisols
Krueng
Raya
6.48 SA

Ultisols
Jantho
5.26 A

9.90 L

44.4 H

9.40 L

19.3 L

18.9 L

101.0 H

83.0 H

87.0 H

74.0 H

221 H

22.0

M

5.0 L

49.0 H

95.0 H

61.0 H

9.83

L

18.3 M

14.4 L

52.6 H

14.7 L

23.6

L

21.0 L

19.4 L

34.0 L

medium

low

58.7 H
mediu
m

low

low

Notes: A/SA = acid/slighty acid; L/M/H = low/medium/high

Organic matter is critical for the soil to maintain its fertility and
productivity. Bohn et al. (2010) stated that organic matter greatly affects the
value of soil CEC and a source of energy for soil microorganism. Organic matter
has an positive effect on cation exchange capacity, nutrient availability, serves as
a buffer against changes in pH, and provides plant nutrient supplies (Stevenson,
2010; Marschner, 2012). Therefore, it is necessary to add organic matters for
improving soil quality and fertility status. Sufardi (2012) states that organic
matters should be added because soil organic matter is very important to create
fertile conditions of soil. Sposito (2008) explained that organic matter can
increase CEC up about 20-70% and as the main source of humus colloid
formation (Sufardi 2012). Besides CEC and organic C, soil base saturation is
always associated with soil fertility. Based on this research, Inceptisols, Oxisols
and Ultisols with catagorized as infertile soils while Mollisols and Andisols
categorized as fertile soils.
CONCLUSIONS
(1) Physical andl chemical characteristics of suboptimal dryland of Aceh Besar
District vary depend on soil orders and soil horizons. This difference is
caused by the different parent materials and the process of soil genesis.
From the chemical aspects, the main problem of the soil are low soil pH,
low N, P, K, Ca, and Mg nutrients, and low organic material.
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(2) The low fertility belongs to Inceptisols Blang Bintang, Oxisols Lembah
Seulawah, and Ultisols Jantho, whereas Andisols Saree and Mollisols
Krueng Raya are classified as soils with medium fertility. The order of soil
fertility from the highest to lowest is: Mollisols = Andisosl > Ultisols =
Oxisols = Inceptisols.
(3) The main limiting factor in suboptimal dryland in Aceh Besar District is
acid soil reaction, low organic C, low CEC, and low base saturation (BS). To
improve their quality and fertility status, it is necessary to add ameliorants,
biofertilizers, biochar, and fertilizers.
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ABSTRACT
Gisting District is one of the vegetable cultivation centers in Lampung
Province. Some dry lands in this area are grown with vegetable commodities including
chili. Most of the chili cultivation techniques rely using chemical materials. Initially
productivity can increase, but in the longterm period they will endanger the
communities in the crop, including natural enemies and humans. This study will
compare between chili cultivation using environmentally friendly technology
(cultivation and control of pests/diseases) and cultivation with chemical pesticides use
(especially maintenance). The results showed that in environmentally friendly chili
cultivation the level of pest attack was 20% lower than ordinary cultivation. Plant
growth shows the height and width of the canopy is better compared to ordinary
cultivation. Likewise with production, environmentally friendly cultivation results in a
production that is 20% higher compared to ordinary cultivation.
Keywords: Chili, environmentally friendly, cultivation
INTRODUCTION
Chili is one of strategic commodities which control inflation control and
price stability in horticultural development (Direktorat Jenderal Hortikultura,
2011). Besides having high economic value, chili (Capsicum annuum L.)is also
able to adapt to a wide environment. This plant can grow in neither lowland
areas nor highland areas with altitude of 1400 m above sea level (asl). The red
chilli centers in the lowlands are generally in dry land and rice fields that are
planted during dry conditions (Sumarni and Muharam, 2005).
Chili is a typical tropical vegetable because 69-75% of the planting areas
is located in an area with a height of 10.00 - 500 m above sea level. In Lampung
Province, this commodity has the widest harvest area compared to the area of
harvest of other types of vegetables and gets priority to develop. National chili
productivity tends to be around 8.47 t/ha, while the productivity in Lampung is
only 7.54 t/ha (BPS, 2017; Dirjenhorti, 2017). The yield of red chili potential
reached 20 t/ha.

390

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345277

There are many factors that cause the low productivity of red chillies in
Lampung, i.e. application of cultivation techniques are not in line with
technological innovation, use of chemical materials are relatively high, the
influence of climate and farmers' resources are still low. Related to climate
change, climatic conditions often is less suitable for the growth and
development of red chili. Climate change is a change in the physical condition of
the earth's atmosphere, including temperature and rainfall distribution which
has a wide impact on various sectors of human life (Kementerian Lingkungan
Hidup, 2009). Climate change is expected to have a significant impact on
agricultural production in Indonesia, especially food crops. These impacts can
be direct, such as decrease of crop productivity, changes in rainfall patterns and
intensity of rainfall due to increased air temperature that causes drought and
flooding (Boer, 2010). Technological innovations of red chilli cultivation off-are
needed to to increase the productivity of chili and shallots so that they can
maintain the availability of chili throughout the year so that prices remain
controlled.
The lack of farmers knowledge about good cultivation causes a lot of
loss of red chillies in crops, especially how to manage pests and plant diseases.
Lack of knowledge about the management of plant-disturbing organisms
encourages farmers to use pesticides. Pesticides for farmers are generally
considered a guarantee of production so that their use tends to be unwise with
excessive amounts and types. Farmers believe that pesticide is a more effective
way to control pests and diseases and to maintain stabil chili yield. Based on the
survey results, there are more than 60 types of pesticides used by farmers in
chili production centers. Frequency of pesticide use range from once every 2-3
days per week or about 35-50% of the total production costs. Adiyoga (2007) and
Setiawati et al. (2011) reported that in one growing season, farmers used
pesticides 21-30 times. The overall use of pesticides in agriculture reaches 15,416
tons, an increase of around 7% per year.
Currently, chili farmers generally control pest only relying on chemical
pesticides. This can cause environmental damage, killing of useful organisms,
and cause resistance and resurgence in pests. As a result, in the longterm period
they will also affect the production of red chili produced. Various innovations in
red chili cultivation technology and control of pests and diseases have been
produced by Indonesian Vegetables Research Institute that ranging from
ecosystem management, balanced fertilization, maintenance to harvest
(Setiawati et al., 2005).
In this activity aims to examine the effect of the application of
environmentally friendly chili cultivation and ordinary cultivation on chili
production in Lampung.
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MATERIALS AND METHODS
Location and Time
The study was carried out from April to December 2016, in Tanggamus
District, Lampung province. The study covered an area of 1.0 ha.
Assessment design
The design used was "zero-one approach". The technological package
introduced was stressed on control of pests with low pesticides use. In detail the
technology package introduced is as follows:
In the nursery
1. Nursery covered with chiffon or organdy.
2. The nursery is a bit far from the land affected by the disease.
3. Watering Tiametoxam (Actara) insecticide solution (0.5 ml/l) was carried out
at a dose of 50 ml/plant at the age of 2 and 4 weeks after seedling to reduce pest
attack on the red chili seedlings in the nursery.
In the field
1. Planting intercepting plants 4 rows of corn around the chili 1.5 months before
planting chili aims to reduce the attack of pests.
2. To reduce whitefly populations and other pests, 40-50 pieces/ha of yellow
trap are installed. The trap is installed at the time of planting.
3. Perform sanitation on weeds that are hosts for whitefly and other
pests/diseases.
4. Eradication of plants infected with viruses.
5. Using plant-based pesticides.
Non IPM packages include: More emphasis on the use of chemical pesticides/in
accordance with farmers' habits.
Observation
Data collected included: (1) Plant growth (canopy height and diameter),
(2) Population of whitefly, fruit fly, armyworm, aphids, and thrips (tail) caught,
(4) Number and intensity of downy mildew/Yellow/curly and withered (in%),
(5) Components and production of fruit (kg/gram/plant) include fruit length
(cm), weight of 10 chili (g), fruit production (g/plant), and (d) Total production
(kg/ha), and (6) Observations made on 5 plants/beds.
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Disease intensity
To calculate disease intensity, the formula is used:
∑ (ni x vi)
I = ---------- x 100 % …………………………………………………(1)
ZxN
Description :
I = Attack intensity
ni = The number of plants observed from each category of attack is the same.
vi = Scale value of each attack category.
Z = The scale value of the category of attack is highest
N = Number of plants observed
RESULTS AND DISCUSSION
Table 1 presents that the vegetative growth of chili
with
environmentally friendly cultivation is better than conventional cultivation or
farmers' methods
Table 1. Vegetative observations of chili in two crop cultivation systems in
Gisting Permai Village, Tanggamus, Lampung province
Observation

Farmer Cultivation

Plant height at harvest (cm)
Canopy width
Number of branches

82.5 a
68.0 a
9.0 a

Environmentally
friendly technology
107.0 b
69.3 a
9.1 a

The number on each line followed by the same letter is not significantly different according to
the t test at the 5% level.

Plant height with an environmentally friendly cropping system is
significantly higher (107.0 cm) than farmers practices (82.8 cm). Likewise, the
width of the canopy component and the number of branches of an
environmentally friendly cropping system are better than the way of the
farmers, although not significantly different. Environmentally friendly planting
systems use more natural resurces such as manure, biofertilizers and other
beneficial microorganisms such as Trichoderma, PGPR, corine and cow urine.
The use of natural resources causes the chili growth better than more chemicals
application. The results showed that the use of several types of solid organic
fertilizers could improve all variables of plant growth and yield (Rochman,
2015). The importance of organic fertilizer is to restore the product of land
productivity. According to Simanungkalit et al. (2005), one of the efforts to
control soil damage is by reducing the use of synthetic fertilizers and increasing
the use of organic fertilizers.
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Eco-friendly cultivation is more visible, especially in the control of plant
disease pests. Based on observation, the level of pest and disease attacks is
relatively lower by using a control system that uses more botanical pesticides
and biological control (Table 2).
Table 2. Effect of cultivation methods on the presence of major pests in chili.

Treatment

Fruit flies
Population
Intensity
cought in
(%)
2 months
128.00 a
26.50 a

Thrips
Population
Intensity
in 3 young
(%)
leaves
17.33 a
78.33 a

Armyworm
Intensity
(%)

Farmer cultivation
0.01 a
Environmentally
friendly technology
117.67 b
16.33 b
14.33 b
52.33 b
0.01 a
The number on each line followed by the same letter is not significantly different according to
the t test at the 5% level.

Table 2 presents that the main pests (fruit fly, thrips and armyworm) in
environmentally friendly cultivation is significantly less than farmers practices.
This is due to the way farmers who intensively use chemical pesticides to
control plant-disturbing organisms affect negatively the pest itself which
becomes resistant, the occurrence of pest resistance and the possibility of many
natural enemies being killed. According to Hasyim et al. (2015), increasing use
of pesticides has a negative impact on the environment, including crop
productivity and stimulates the occurrence of regulator capacity degradation
(parasitoid/predator and others) in an ecosystem. In addition to resulting in
inefficient production and negative impacts on target pests and ecosystems,
consumers will not choose products that currently choose a concept called
consumer value perception (CVP). Efforts to control environmentally friendly
pests by reducing the use of chemical pesticides can increase the availability of
natural enemies in nature. The use of pesticides in addition to having a positive
impact can also have a negative impact if the use is unwise. The unwise
pesticide use can cause resurgence, resistance, death of natural enemies, and
environmental pollution through residues left behind and cause poisoning in
humans whose long-term impacts are more detrimental than the benefits
obtained. Therefore, attention to controlling more environmentally friendly
pests is greater for reducing the use of synthetic pesticides.
Table 3 presents that the number of plants attacked by wilt and complex
viruses and anthracnose in environmentally friendly cultivation was less than
the farming system of farmers.
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Table 3. Effect of cultivation methods on the presence of major diseases in chili
Treatment

The number of plants
withered up to the age
of 55 DAP (%)
16.33 a
6.33 b

The intensity of the disease at the age of 75 DAP
curly/virus complex (%)

Antraknosa (%)

78.33 a
26.33 a
Farmer cultivation
52.33 b
19.33 b
Environmentally
friendly technology
The number on each line followed by the same letter is not significantly different according to
the t test at the 5% level.

In environmentally friendly cultivation, antagonistic microorganisms
such as Trichoderma are also used. It is known that Trichoderma has antagonistic
ability against pathogenic fungi. Trichoderma is easily found on soil and plant
roots. These fungi include beneficial microorganisms, avirulent to host plants,
and can parasitize other fungi. Trichoderma sp. able to suppress anthracnose
development between 63.89-91.37%. T. harzianum is more effective than T.
koningii and T. viride (Hasyim et.al., 2015).
The use of environmentally friendly cultivation also affects the chili
production. From the observations it can be seen that with the use of pesticides
7%, it is quite capable to increase the yield of chillies by around 20% compared
to the cultivation of farmers (Table 4).
Table 4. Average use of pesticides, and production components in two ways of
cultivating chili.
Treatment

Use of
pesticides (%)

Fruit length
(cm)

Weight of 100
pieces (g)

Productivity
(t/ha)

Farmer cultivation
45
11.5 a
230 a
5.55 a
Environmentally
7
14.3 b
365 b
8.18 b
friendly
technology
The number on column followed by the same letter is not significantly different according to
the t test at the 5% level.

The use of environmentally friendly materials, such as organic
fertilizers, botanical pesticides and antagonistic microorganisms provides
benefits in increasing plant growth, plant fitness, so that plants are more
resistant to pests and diseases. Besides that, the use of natural methods in
managing pests causes fewer pests and a source of infection in chili plantations.
These advantages cause chili plants to produce well, where production
components such as fruit length, 100 fruit yields and chili productivity using
higher environmentally friendly cultivation are significantly different compared
to farmers' methods (Table 4).

395

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345277

The loss yield caused by the pests and diseases spurred farmers to
always carry out plant protection efforts, one of which was the use of pesticides.
Pesticides are often used as the main choice because pesticides have high killing
power, their use is easy, and the results are fast to know. Farmers commonly
anticipate pests from early plant growth. The presence of pests in the land will
encourage farmers to use pesticides excessively by increasing the dose,
frequency of spraying and the composition of the type of pesticide mixture
used. Not even a few farmers adhere to a blanket system cover where there is
or no pest, the pesticide is still applied. The use of pesticides greatly affects
human health and the environment. According to estimates by the World
Health Organization (WHO) and Programs Environment of the United Nations
(UNEP), 1-5 million cases of pesticide poisoning occur in workers who work in
the agricultural sector (Mourad, 2005).
CONCLUSIONS
Environmentally friendly chili cultivation can reduce pest attack 20%
higher than than ordinary cultivation. Plant growth parameters (plant
height,canopy width) in environmentally friendly cultivation is better compared
to ordinary cultivation. Likewise with production, environmentally friendly
cultivation results in a production that is 20% higher compared to ordinary
cultivation.
ACKNOWLEDGEMENTS
The research was funded by national budget from Lampung Assessment
Institute for Agricultural Technology. The authors acknowledge specially to
Yuli Setiorahayu, and Widodo for excellent helping in carrying out this study.
REFERENCES
Adiyoga, W. 2007. Overview of production, consumption and distribution
aspects of hot pepper in Indonesia. Annual Report. Indonesian Vegetables
Research Institute, Lembang.
Badan Pusat Statistik [BPS] Provinsi Lampung. 2017. Provinsi Lampung dalam
Angka 2017. Badan Pusat Statistik Provinsi Lampung, Bandar Lampung.
364 p.
Boer, R. 2010. Strategi menghadapi perubahan iklim untuk sektor tanaman
pangan. Pusat Kajian Risiko dan Pemanfaatan Iklim di Asia Tenggara
dan Pasifik (CCROMSEAP)-Institut Pertanian Bogor. Bogor.

396

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345277

Direktorat Jenderal Hortikultura. 2011. Pedoman Umum Pelaksanaan
Pengembangan Hortikultura Tahun 2012. Kementerian Pertanian
Direktorat Jenderal Hortikultura.
Direktorat Jenderal Hortikultura, 2017. Pedoman Umum Pelaksanaan
Pengembangan Hortikultura. Kementerian Pertanian Direktorat Jenderal
Hortikultura.
Hasyim, A., Setiawati W, and Lukman L. 2015. Inovasi teknologi pengendalian
OPT ramah lingkungan pada cabai : Upaya alternatif menuju ekosistem
harmonis. Pengembangan Inovasi Pertanian., 8(1):1-10.
Kementerian Lingkungan Hidup. 2009. Pengertian iklim dan perubahan iklim.
Bidang Aplikasi Klimatologi dan Lingkungan. Pusfatsatklim. LAPAN.
Rochman, B.R. 2015. Pengaruh pemberian beberapa jenis pupuk organik padat
terhadap pertumbuhan dan hasil cabai merah, bawang merah, dan
bawang daun. Gontor AGROTECH Science Journal., 1(2):53-70.
Setiawati, W., B.K. Udiarto, and A. Muharam A. 2005. Pengenalan dan
pengendalian hama-hama penting pada tanaman cabai merah. Balai
Penelitian Tanaman Sayuran, Pusat Penelitian dan Pengembangan
Hortikuluta, Badan Penelitian dan Pengembangan Pertanian, LembangBandung. 55 p.
Setiawati, W., N. Gunaeni, Subhan, and A. Muharam A. 2011. Pengaruh
pemupukan dan tumpangsari antara tomat dan kubis terhadap populasi
Bemisia tabaci dan insiden penyakit virus kuning pada tanaman tomat. J.
Hort., 21(2):135-144.
Simanungkalit, R.D.M., D.A. Suriadikarta, R. Saraswati, D. Setyorini, and W.
Hartatik. 2006. Pupuk organik dan pupuk hayati. Balai Besar Litbang
Sumberdaya Lahan Pertanian. Badan Penelitian dan Pengembangan
Pertanian. Bogor.
Sumarni, N., and A. Muharam. 2005. Budidaya Tanaman Cabai Merah. Balai
Penelitian Tanaman sayuran. Pusat penelitian dan Pengembangan
Hortikultura. Badan penelitian dan Pengembangan Pertanian.
Mourad, T.A. 2005. Adverse Impact of Insecticides on The Health of Palestinian
Farm Workers in the Gaza Strip: A Hematologic Biomarker Study. Int. J
of Occup Env and Health., 11(1):144-149.

397

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345278

CO2 flux and carbon stock from smallholder coffee plantation in East Nusa
Tenggara
Eni Yulianingsih1*, Rina Kartikawati1 and Yohanna ML Fanggidae2
1Indonesian Agriculture Environment Research Institute
2Dinas Pertanian Provinsi Nusa Tenggara Timur
Jl. Raya Jakenan-Jaken Km 5 PO Box 5 Pati Jawa Tengah 59182
*Corresponding author : eniyulianingsih@gmail.com
ABSTRACT
Climate change caused by global warming can have a negative impact on the
plantation subsector. Coffee plants in Indonesia are generally cultivated by smallholders
in small scale plantations. For plantation products such as coffee and cocoa, the C
absorption can be greater than Greenhouse gases (GHG) emissions, making it carbon
neutral or even negative carbon throughout their productive time. The objectives of this
research were to quantify CO2 flux and carbon stock in smallholder coffee plantations in
Ponto Ara Village, Lembor District, West Manggarai District, East Nusa Tenggara
Province. Gas sample was taken using close chamber technique, while gas concentration
was measured using a gas chromatography. Estimation of carbon stocks above ground
was done by destructive technique, by determining the biomass, and analyzing the
carbon content of each part of the plant. Results showed that the smallholder coffee
plantation provided flux of 1,684 kg CO2/ha/month and carbon stock 50 tons CO2-e/ha
while the activities of conservation smallholder coffee gave flux of 2,585 kg
CO2/ha/month and carbon stock 147 tons CO2-e/ha from above and below biomass.
Keyword: climate change, coffee, GHG, CO2
INTRODUCTION
Climate change is an environmental issue that gets serious attention
from regional, national, and international communities that can threaten life in
the future. Climate change that occurs due to global warming can have a
negative impact on the agricultural sector such as the crisis of food availability,
decreased productivity and declining production of agricultural crops,
degradation of land and water resources that can reduce soil fertility and cause
pollution, and climate diversity that may lead to a more frequent floods and
droughts.
Aside from being victims of climate change impacts, agricultural sector
is as neither a source nor a sink of some greenhouse gas (GHGs). The GHGs
emissions from the agricultural sector are sourced from rice field, agricultural
land, livestock, management of waste/livestock manure, and biomass burning.
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Agricultural sector produces three main GHGs, namely carbon dioxide (CO2),
methane (CH4), and nitrous oxide (N2O), each of which has a global warming
potential index of 1, 25 and 298 (IPCC, 2007).
About 95% of the total plantation area of coffee in Indonesia (1,308,000
ha) is cultivated in small scale (smallholder) plantations. The dominant coffee
variety is robusta. Coffee plantations occupy more than 10 million ha globally
(FAO, 2011) which with appropriate design and management can potentially
decrease CO2 in the atmosphere and store the C in plant biomass and in the soil.
The coffee system is part of a mixed cropping system containing food crops and
small numbers of livestock. In some farms fruit trees such as banana, avocado
and macadamia are grown along side the coffee trees to supplement incomes
from coffee. Farm level activities for smallholder coffee farmers include
pruning, handling and desuckering, hand and chemical weeding, fertilizer
application, spraying, manure application, mulching and picking (Odhiambo et
al., 1996 cit Maina, 2017)
Agricultural production systems, especially those that include trees such
as coffee plants, have the potential to sequestrate and store relatively large
amounts of C over soil, biomass and soil organic matter (Soto et al., 2010). For
plantation products such as coffee and cocoa, the absorption of large C can even
be greater than GHG emissions, making it carbon neutral or even negative
carbon throughout their productive time. According to Hairiah and Rahayu
(2007), the growth rate of carbon stocks in multistrata coffee agroforestry is 0.91.86 t/ha/year under the simple agroforestry system (generally belonging to the
community) 0.6-0.97 t/ha/year and 2.8 t/ha/year in the experimental garden.
While in monoculture coffee only 0.5 t/ha/year.
Mitigation activities aim to reduce greenhouse gas emissions through a
strategy to reduce greenhouse gas emissions and increase CO2 absorption and
carbon sequestration. Plantations have a very strategic position in the national
action plan in the agricultural sector, because they have a great ability to absorb
CO2. In addition, giving organic matter to the soil is also one way to store
carbon. A substantial amount of total global CO2 emission comes from soil
through mineralization and decomposition of organic matter, and respiration of
roots and soil organisms (Schlesinger and Andrews, 2000). Plants absorb carbon
dioxide gas (CO2) from air through photosynthesis (Hairiah et al., 2011) and
carbon stock from above and below ground biomass. In IPCC (2006) there are 3
‘tiers’ of data recognized by the 2006 IPCC Guidelines; tier 1 data is country
specific but based on global activity, it is the default factor for an emission
source and contains a lower level of accuracy as figures are more general.
The purpose of these activities was to measure CO2 flux and carbon
stocks in smallholder coffee plantations in Ponto Ara Village, Lembor District,
West Manggarai District, East Nusa Tenggara Province.
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MATERIALS AND METHODS
This research was carried out in Ponto Ara Village, Lembor District,
West Manggarai Regency, East Nusa Tenggara Province, Indonesia on a
smallholder farmer’s field. Taking sample of gas and biomass is done
simultaneously. The condition of the sloping land with altitude ranges from 700900 m above sea level. The type of land use in the research location is young
coffee land that is less than 10 years with a spacing of 2.5 m x 2.5 m with banana
tree protective plants.
GHG Flux Measurement
Gas sampling was carried out on 10-26 October 2017 at the location of
conventional and conservation people's coffee plantations. Gas sample was
taken at 4 sampling points in conventional system and conservation system with
using a closed chamber with size of 40 cm length x 20 cm width x 20 cm height
according to IAEA (1993). Gas samples were taken every week in October 2017,
at three sampling in the morning (06.00-08.00) and daylight hours (12.00-14.00).
Manual sampling time intervals were 10 ', 20', 30 ', 40' and 50 ' since the
chambers’ top were closed. Gas samples were taken using a 20 ml syringe, then
analyzed with a Greenhouse Gases Analyzer 450 Variance equipped by ECD
detector. CO2 flux is calculated using the formula from IAEA (1993):

E=

dc Vch mW
273,2
×
×
×
dt Ach mV (273,2 + T)

Where:
E
: CO2 flux (mg/m2/day)
dc/dt : The change in CO2 concentration over the difference in time
(ppm/minute)
Vch
: Volume box CO2 (m3)
Ach
: Area box CO2 (m2)
mW
: Molecular weight of CO2 (g)
mV
: Molecular volume (22.41 l) at the standard of temperature (25 oC) and
pressure (1 bar)
T
: Average temperature insite chamber during sampling (°C); Value
273.2: based on temperature of Kelvin
Data in ﬁgure was presented as mean values standard deviations. The
SAS 9.1.3 Portable analytical software package was used for all statistical
analyses. Statistical analysis was accomplished by standard analysis of variance
(ANOVA,) and the differences among treatments used Tukey test to determine
signiﬁcant differences.
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Carbon Stock Measurement (C-Stock)
This method is carried out by researchers for the purpose of developing
the allometric formula, especially at tree types that have specific branching
patterns that have not generally known allometric equations. Development
allometric is done by cutting down trees and measuring diameter, the length
and weight of his time. Destructive methods are also carried out on understorey,
seasonal plants and shrubs (Hairiah et al., 2011).
Carbon stocks above ground was done by destructive technique,
weighing the dry weight of biomass, and measuring/analyzing the carbon
content of stems, twigs and tree canopies of the plant. We also measured the Cstock biomass of understorey and litter biomass (non-wood necromas). All the
litter in the sub-plot was taken and put in a bag, then weighed heavily. Litter
sub-samples from each sub-plot were taken about 100-300 grams and dried and
analyzed to determine the percent C content of plants in the laboratory.
Carbon stock = Biomass x% C organic in the plant
Measuring carbon stocks is also done without damaging plant biomass
(non-dstructive), namely by measuring plant samples, identifying plant species,
then calculating them by using certain equations (allometrics) (Table 1). Which
is measured by non-destructive method when the measured plant is known for
its allometric formula. Where as for tree species that have specific branching
patterns that have not it is known that allometric equations are generally
measured by destructive means.
Table 1. Estimation of tree biomass using allometric equations
Tree type
Branched tree
Unbranched tree
Coffee
Banana
Source : Hairiah et al., 2011

Tree Biomass Estimation (kg/tree)
BK = 0,11 ρ D2,62
BK = πρH* D2/40
BK = 0,281 D2,06
BK = 0,030 D2,13

Description: BK: dry weight or biomass (g); D: Tree diameter (cm); H*: tree
height (cm); H**: tree height (m); ρ: wood specific gravity (g/cm3); Diameter =
Roving/3.14
These allometric equations as proposed by IPCC to determine the
biomass stored in other tree types apart from coffee, such as tropical moist and
wet hardwoods, tropical and temperate pines as well as palm trees.
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RESULTS AND DISCUSSION
The pattern of CO2 flux from smallholder coffee plantations
Soil CO2 flux
The GHG sampling time also determines the flux. In the morning, it
generally produces lower CO2 fluxes than day and evening in conventional
treatments (Figure 1). Flux increases until late afternoon. This is because in the
afternoon it is the optimum time for microorganisms to produce CO2. CO2 gas
produced from decomposition of organic matter is affected by changes in
temperature, hydrological conditions. At high temperatures, CO2 gas is formed
in large quantities. Temperature and humidity both air and soil in the tropics
are strongly influenced by the type and density of vegetation that covers it. The
content of organic matter in the soil positively correlated with CO 2 emissions
generated from the soil (Irawan and June, 2011). Organic material is a source of
energy for microorganisms activities in the respiration process that produces
CO2. CO2 gas occurs in aerobic conditions, where decomposer microorganisms
such as bacteria and fungi can run optimally.

Flux CO2 (mg/m2/day-)

Morning

Afternoon

12
9
6
3
0
12-Okt-17

26-Okt-17

Convensional

19-Okt-17
Conservation

Sampling date

Figure 1. CO2 flux based on sampling time
Daily CO2 flux ranged from 381.14-10,211.27 mgCO2/m2/day on
smallholder coffee plantations that were managed conventionally and 2159.8814,244.08 mgCO2/m2/day on the community coffee conservation plantations. The
results of CO2 flux measurements were 1,684 kgCO2/ha/month on smallholder
coffee plantations that were managed conventionally and 2,585 kgCO2/ha/month
on the community coffee conservation plantations. CO2 emissions from the soil
are the result of the integration of several factors, including respiration of soil
microorganisms and rhizosphere respiration of plants (Ding et al., 2007). Other
factors that influence the amount of CO2 emissions from the soil are soil
temperature, soil moisture, depth of groundwater level, fertilization, vegetation
type and soil quality, microbial biomass activity and soil management.
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Carbon stock from smallholder coffee plantations in East Nusa Tenggara
In this activity can be calculated the amount of carbon stock at the location of
conventional coffee plantations, namely as follows:
- Biomass tree = 131 kgC per 5 x 20 m2 = 13,100 kgC/ha (Table 2)
- Lower plant weight and litter = 165 gr/m2 = 1,650 kg/ha (Table 3)
Carbon stock:
- Tree biomass = 13,100 x 44/12 kgCO2-e/ha = 48,033 kgCO2-e/ha
- Lower plants and litter = 1,650 x 0.44 x 44/12 = 2,662 kgCO2-e/ha
- Organic fertilizer = 10 kg tree-1 x 2000 trees ha-1 x 20/100 x 20/100 x 50/100 x
44/12 = 1,467 kg CO2-e/ha
- Total carbon stock = 50,695 kgCO2-e/ha = 50 tCO2-e/ha
Table 2. Carbon stock on tree biomass (in a conventional plot size 5 m x 20 m)
No

Tree name

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Bugar wood
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Total (kg)

Circumference
(cm)

Length
(cm)

ρ
(g/cm3)

Diameter
(cm)

Dry
weight
(kg/tree)

18
23
42
20
30
33
20
20
22
22
13
19
19
24
26

3000
230
225
190
192
210
186
186
193
223
177
174
180
170
158

0.64

6
7
13
6
10
11
6
6
7
7
4
6
6
8
8

6.830
16.990
58.739
12.740
29.370
35.741
12.740
12.740
15.503
15.503
5.245
11.462
11.462
18.547
21.871

Cbiomass
(kgC/tre
e)
3.142
7.815
27.020
5.860
13.510
16.441
5.860
5.860
7.131
7.131
2.413
5.273
5.273
8.531
10.061
131.322

Table 3. Mass of understorey and necromass in conventional small plots (0.5 m x
0.5 m)
N
o

Vegetation

1
Understorey 1
2
Understorey 2
3
Necromass1
4
Necromass2
Sub Total (g m-2)

Fresh Weight
(g)

Fresh weight
of sub plot (g)

Dry weight of
sub plot (g)

Leaf

Stem

Leaf

Stem

Leaf

Stem

80
20
50
59

25
30

80
20
50
59

25
30

26
7
32.5
50

18
31.5

Dry weight
total (g/m2)
44
38.5
32.5
50
165
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Conventionally managed community coffee plantations have a carbon
stock equal to 50 tons CO2-e/ha from above and below ground.
Table 4. Carbon stocks on tree biomass (in a 5 m x 20 m conservation plot)
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
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Tree name
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Coffee
Banana
Banana
Banana
Banana
Banana
Banana
Banana
Banana
Banana
Banana
Gamal
Gamal
Dadap
Avocado
Total (kg)

Circumference
(cm)

Length
(cm)

ρ
(g/cm3)

Diameter
(cm)

Dry weight
(kg/tree)

12
5
13
24
20
12
24
22
26
19
25
15
18
13
20
20
14
13
20
26
18
18
16
18
20
19
16
79
65
77
42
74
68
77
55
58
61
25
55
27
67

160
100
167
172
200
180
152
160
148
162
250
300
270
145
130
190
185
205
135
140
150
180
166
133
167
178
183
400
400
400
250
400
400
400
400
400
400
170
152
260
7000

0.64

4
2
4
8
6
4
8
7
8
6
8
5
6
4
6
6
4
4
6
8
6
6
5
6
6
6
5
25
21
25
13
24
22
25
18
18
19
8
18
9
21

4.448
0.733
5.245
18.547
12.740
4.448
18.547
15.503
21.871
11.462
20.174
7.043
10.254
5.245
12.740
12.740
6.110
5.245
12.740
21.871
10.254
10.254
8.045
10.254
12.740
11.462
8.045
28.881
19.062
27.346
7.519
25.126
20.985
27.346
13.355
14.954
16.650
16.152
127.458
19.760
183.703

0.64
0.64
0.64
0.55

Cbiomass
(kgC/tree)
2.046
0.337
2.413
8.531
5.860
2.046
8.531
7.131
10.061
5.273
9.280
3.240
4.717
2.413
5.860
5.860
2.811
2.413
5.860
10.061
4.717
4.717
3.701
4.717
5.860
5.273
3.701
13.285
8.768
12.579
3.459
11.558
9.653
12.579
6.143
6.879
7.659
7.430
58.631
9.090
84.503
389.644
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Table 5. Dry weight of understorey and necromass in small conservation plots
(0.5 m x 0.5 m)
N
o

Vegetation

1
Understorey
2
Necromass
Sub Total (g/m2)

Fresh weight
(g)

Fresh weight
of sub plot (g)

Dry weight of
sub plot (g)

Leaf

Stem

Leaf

Stem

Leaf

Stem

270
30

250

270
30

250

79.6
15.5

106

Dry weight
total (g/m2)

185.6
15.5
201.1

Carbon stock in conservation coffee plantations can be calculated as
follows:
- Biomass tree = 389 kg/C per 5 x 20 m2 = 38,900 kgC/ha (Tabel 4)
- Lower plant weight and litter = 201 gr/m2 = 2,010 kg/ha (Tabel 5)
Carbon stock:
- Biomass tree = 38,900 x 44/12 kgCO2-e/ha = 142,633 kgCO2-e/ha
- Lower plants and litter = 2,010 x 0.41 x 44/12 =3,022 kgCO2-e/ha
- Organic fertilizer = 10 kg/tree x 2000 tree/ha x 20/100 x 20/100 x 50/100 x 44/12
= 1,467 kgCO2-e/ha
- Total carbon stock = 147,122 kgCO2-e/ha = 147 tCO2-e/ha
Conservations managed community coffee plantations have a carbon
stock equal to 147 tCO2-e/ha from above and below ground.
Adaptation and mitigation of GHG on coffee plantation land
Activities of land use change influence soil organic matter (SOC) sink
(accumulate additional C). The source C (emit C) or maintain inventory is very
important in identifying effective strategies for land-based climate change
mitigation. Coffee has an important role in maintaining millions of livelihoods
throughout the world. Knowing GHG emissions from coffee plants is important
in evaluating options for climate change mitigation in this sector. Soil organic
carbon (SOC) is a fundamental property that deals with physical, chemical and
biological qualities which is an important component of the global carbon cycle
(C) (Magdoff and Van Es. 2009). Shade trees are known as the best solution for
the size and quality of coffee beans in addition to supporting the climate
(Muschler, 2001) and also result in reduced soil erosion and compaction while
increasing the SOC.
The need for continuous intensification of food production has recently
been emphasized in the development of global food policy (Foresight, 2011).
Given the possible impacts of climate change and the increase in human
population (UN. 2009) is a major challenge to achieve it. Such sustainable
intensification is to develop an agricultural system that results in increased crop
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yields without increasing GHG emissions. To achieve the goal there is a need to
fully understand the type and amount of GHGs emitted by different food
production systems. Therefore increasing the demand to improve and expand
the composting strategy with raw material formulations to reduce not only CH4
and N2O emissions, but also reduce the significant amount of CO2 production
and total nitrogen and carbon loss of various types of organic waste composting.
The recommended adaptation strategy for this coffee plantation is the
use of more shade trees which can reduce the impact of climate change as well
as to provide substitutes for products that are of economic value such as fruit
trees. The use of legumes as shade crops is also recommended because it can
reduce the use of chemical fertilizers and increase the availability of nitrogen in
the soil that is moored by these plants. In addition the efficiency of fertilizer use
is also important in reducing GHG emissions. Generally farmers provide
fertilizer below the recommended dose which does not significantly increase
production but increases GHG emissions into the air. Pruning and thinning is
done selectively by removing unproductive parts of the plant which will then
reduce the level of transpiration and indirectly preserve the soil water content
Some applied mitigation activities are the utilization of plantation crop
waste as a source of organic material, animal feed and bio energy sources
among others through the development of crop and livestock integration
systems; rejuvenation of plantation crops is carried out to increase productivity
and carbon sequestration.
CONCLUSION
Conventional smallholder coffee plantation activities provide flux of
1,684 kgCO2/ha/month and carbon stock 50 tCO2-e/ha while the activities of
conservation smallholder coffee give flux of 2,585 kgCO2/ha/month and carbon
stock 147 tCO2-e/ha from above and below ground.
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ABSTRACT
Agricultural land contaminated with heavy metals is a serious problem due to
its toxic effects and accumulation through the food chain which decrease land quality
and disrupt human health. Cadmium (Cd) is one of the heavy metals that are harmful to
human health. This research was conducted to determine cadmium accumulation in
onion plants grown on Cd contaminated land. This research was carried out in the
shallow field in Igirklanceng Village, Sirampog District, Brebes Regency in 2017.
Experiments used a Randomized Block Design (RBD), with 3 replications and and eight
treatments. The results showed that Cd concentration is accumulated in the tubers <
stem < roots. The average concentration of Cd in tubers grown on contaminated soil
ranges from 1.46 to 2.00 mg/kg. This means that the concentration of Cd in the tubers is
higher than the maximum limit allowed to be consumed according to BPOM (2017)
which is equal to 0.05 mg/kg so that efforts need to be made to reduce the Cd
concentration in the soil intensively until the Cd content in the soil is lower than the
maximum limit.
Keywords: accumulation, cadmium, shallot
INTRODUCTION
Cadmium (Cd) is a heavy metal that is carcinogenic and toxic or toxic
even in low concentrations (Khan et al., 2015a). Contamination by toxic metals
in agricultural land can cause stress on plants three times greater than that of
pesticides (Jeliazko, 2001). Cadmium is spread in the environment through
among other things, various human activities such as waste disposal, phosphate
fertilizer, industrial activities and human settlements (Wagner, 1993).
Heavy metals in agricultural land can be absorbed by plants and
accumulated in the roots, leaves, fruits and seeds (Fang and Zhu, 2014).
Cadmium accumulation (Cd) in plants can inhibit nutrient uptake (Pardo et al.,
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2013), inhibit photosynthetic distribution (Xue et al., 2013; Xue et al., 2014),
inhibit photosynthetic rate, enzyme activity, increasing peroxide compounds
and causing genetic changes (Dezar et al., 2005).
Cd accumulation in various types of plants has been widely studied and
shows a variety of responses. Greger and Lofstedt (2004) examined the uptake
and distribution of Cd in roots, leaves and seeds in various wheat cultivars. The
results of Sekara et al. (2005) showed that red beet plants were able to
accumulate large amounts of Cd in the leaves, while its accumulation in the
roots is 2.8 times smaller than in the leaves. In pumpkin plants (pumpkin), the
largest Cd is accumulated in the leaves, at least in the stem and fruit. The Cd
accumulation in barley roots is 4 times greater than the panicle, and 7 times
greater than that found in the seeds. The results of this study concluded that red
beet, pumpkin, chycory, common bean, white cabbage and parsnip plants
accumulated the largest Cd in their leaf organs. Wang et al. (2007) studied 2 corn
cultivars (Nongda No.108 and Liyu No.6), the uptake and concentration of Cd
in the roots and shoots of both corn cultivars were different, but both cultivars
accumulated greater Cd in the roots than the shoots. Romkens et al. (2009)
examined the uptake and distribution of Cd from 12 rice varieties. Sharma et al.
(2010) found that the accumulation of Cd in the root of Pisum sativum was
greater than the shoot portion. The content of Cd in the part of green mustard
root, chicory and kailan is greater than shoots (Susana et al., 2013).
A high Cd concentration can reduce content of Ca, Mg, and K in tomato
tissue (Khan et al., 2016) and cucumber (Burzynski, 1988). Bioaccumulation of
Cd causes changes in various physiological functions by influencing N
metabolism (Chaffei et al., 2004). Being an important part of genetic, structural
and metabolic components, N plays an important role in plant growth and
metabolism (Hasan et al., 2008).
The absorption of Cd by vegetables from the soil is the main exposure
pathway for humans (Franz et al., 2008; Kobayashi et al., 2008), and exposure
through vegetable consumption to about 70-80% of total intake in humans
(Olsson et al., 2002; Yang et al., 2017; Wang et al., 2016). Cd has an adverse effect
on the health of the human body where bones and kidneys are the most
important target organs (Aitio and Tritscher, 2004).
Consumption of food crops contaminated with heavy metals causes
accumulation of heavy metals in the organs of the body that cause various
diseases and disorders of bodily functions such as fractures, cancer, damage to
411

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345279

the heart, liver, kidneys, lungs, and mutagenesis that can cause death (Friberg et
al., 1992; Portier 2012).
Cadmium pollution on agricultural land in several regions in Indonesia
has exceeded the permissible threshold, so it needs to get serious attention by
industry players, farmers, and the government. Cadmium contamination can be
prevented through good management of industrial waste, reducing excessive
input of inorganic fertilizers and pesticides, minimizing soil treatment, water
management, planting heavy metal absorbing grass, and strict supervision from
the government. Methods of controlling contaminated land can be carried out
according to the level of contamination.
This research was conducted to determine cadmium accumulation in
onion plants grown on contaminated soil Cd.
MATERIALS AND METHODS
This research was carried out in the shallot farmer land in Igirklanceng
Village, Sirampog Subdistrict, Brebes Regency, Central Java Province, which
had a high grade of Cd in 2017. Experiments used a randomized block design
(RBD), with 3 replications, and eight treatments as follows:
T0 : control
T1 : compost
T2 : biochart
T3 : biochar + compost (biocompost)
T4 : biological fertilizer

T5 : biochar + biological fertilizer
T6 : compost + biological fertilizer
T7 : biochar + compost + biological fertilizer
T8 : treatment of farmers

The shallot seeds of Bima Curut varieties were planted in each plot. The
size of the plot adjusts to the farmer plot. Biofertilizers, compost, biochar, and
biocompost were applied before planting. Compost, biochar, and biocompost
were used as much as 2 t/ha (according to the dose used by farmers) which
applied before planting during tillage. Biocompost was a mixture of biochar :
compost (1: 4 w/w). All of these treatments were applied during tillage, then the
soil is left for 1 week.
Inorganic fertilizers of N, P, and K used were 200 kg N/ha, 90 kg
P2O5/ha, and 150 kg K2O/ha. As a source of N, P, and K used were urea, SP-36,
and KCl, respectively. P fertilizer is given at once before planting. N and K
fertilizers are given twice at the age of 15 and 30 days after planting (DAP), each
half dose by sowing on each plot of onion plants. Seedlings were planted with a
spacing of 15 cm x 20 cm.
The parameters observed were Cd content in the initial soil after
ameliorant application and Cd concentration in plants (onion leaves and tubers).
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Analysis of Cd content on soil and plants was done at the Laboratory of
Agricultural Environmental Research Institute.
Parameters of Cd heavy metal data in soil and plants were carried out in
quantitative descriptive analysis. All parameters are analyzed using the
Microsoft Excel and SAS Window Release 9.00 program tools.
RESULTS AND DISCUSSION
The availability of heavy metals in the soil is naturally influenced by
several factors including: soil pH, soil organic matter content, CEC, and soil type
(Sing and Steinnes, 1994). Addition of organic matter can source from organic
fertilizer. The use of phosphorus fertilizer is generally considered as one of the
main sources of Cd input for agricultural soils (Smolder and Mertens, 2013).
The availability of Cd heavy metal in the soil can be seen in Figure 1.
The available metal content of Cd in treatment of biochar + biological fertilizer is
the highest as much as 0.441 mg/kg. While the lowest of Cd availability is
treatment of biological fertilizer.
0.441a

Cd concentration is available for soil
(mg/kg)

0,45
0,4
0,35
0,3
0,25
0.18b

0,2
0,15
0,1

0.047b 0.051b 0.069b

0.047b

0.043b

0.051b

0.048b

0,05
0
T0

T1

T2

T3

T4

T5

T6

T7

T8

Treatment

Figure 1. Cd concentration in soil on different treatments
Shallot plant growth can be refered with parameters of plant height and
number of leaves. The height of shallots up to 70 days after planting (DAP) is
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still increasing as shown in Figure 2. The number of leaves up to 70 days after
planting is still visible (Figure 3).

Plant height (cm)

50,0
45,0
40,0
35,0
30,0
25,0
20,0
15,0
10,0
5,0
0,0

T0
T1
T2
T3
T4
T5
T6
7

14

21

28

35

42

49

56

63

T7

70

T8
Observation time (HST)

Figure 2. Shallot plant height in several treatments
Note :
T0 : control
T1 : compost
T2 : biochart
T3 : biochar + compost (biocompost)
T4 : biological fertilizer

T5 : biochar + biological fertilizer
T6 : compost + biological fertilizer
T7 : biochar + compost + biological fertilizer
T8 : treatment of farmers

45
40

Number of Leaves

35
30
25
20
15
10
5
0
T0

T1

T2

T3

T4

T5

T6

Treatment

Figure 3. Number of onion plant leaves
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Cd metal has a significant negative impact on the nutritional value of
plants and growth rate in most plants grown in contaminated soil Cd. The
significant negative impact affects nutrient deficiency in plants (Khan et al.,
2015b). As shown in Figure 2 and Figure 3 in the T5 treatment, it grows delayed
with most other plants. The greatest possibility of this is caused by the highest
presence of available Cd concentration in soil than other treatments.
Heavy metals enter plant cells through the same transportation as the
system used to absorb the macro and micronutrient elements needed by plants.
So it is necessary to make efforts to maintain the condition of agricultural land
so that the heavy metal content in it does not exceed the critical limit that has
been determined.
The concentration of Cd metal in the roots, stems and onion bulbs can be
seen in Table 1. The average concentration of Cd metal in the roots, stems and
onion bulbs is 2.16-2.93 mg/kg; 2.12-2.44 mg/kg; 1.46-2.00 mg/kg, respectively.
The highest accumulation of Cd Cd is in the root but the lowest is in the tuber.
Table 1. The content of Cd heavy metals in shallots
Treatment

Total Cd (mg/kg)
Root

Stem

Tuber

T0 : Control

2.23a

2.12a

1.71a

T1 : Compost

2.86a

2.19a

1.81a

T2 : Biochar

2.43a

2.44a

1.63a

T3 : Bio compost

2.36a

2.29a

2,00a

T4 : Biological fertilizer

2.93a

2.38a

1.65a

T5 : Biochar + biological fertilizer

2.16a

2.18a

1.70a

T6 : Compost + biological fertilizer

2.40a

2.34a

1.60a

T7 : Biocompost + biological fertilizer

2.55a

2.64a

1.46a

T8 : Treatment of farmers

2.38a

2.57a

1.59a

Note: The values followed by the same letters are not significantly different at P<0.05 by DMRT.
Lowercase letters are read vertically (columns) and capital letters read horizontally (rows).

The concentration of Cd metal in roots can cause nutrients deficiency by
competiting for nutrient absorption which have similar chemical properties such
as Ca and Mg (Barcelo and Poschenrieder, 1990). A high Cd concentration can
cause reduction Ca, Mg, and K in tomato tissue (Khan et al., 2016) and
cucumber (Burzynski, 1988). Bioaccumulation of Cd causes changes in various
physiological functions by influencing N metabolism (Chaffei et al., 2004). The
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N element N is an important part of genetics because it plays an important role
in the growth and metabolism of plants.
The average value of metal Cd accumulation in shallot tubers is 1.46-2.00
mg/kg. This concentration is higher than the maximum limit that is allowed to
be consumed according to BPOM (2017) that is equal to 0.05 mg/kg. Cd metal
will begradually accumulated in the human body and eventually cause a variety
of adverse health effects especially causing bone damage and nephron toxicity
(Nordberg et al., 1991; WHO, 1992).
CONCLUSIONS
1. The shallot absorbs Cd from soil and be accumulated in the tubers < stems <
roots.
2. The Cd concentration in tubers is 1.46-2.00 mg/kg which is higher than the
maximum allowed for consumption according to BPOM (2017) which is 0.05
mg/kg.
3. There needs to be further research to intensify the concentration of Cd in the
soil intensively until the Cd content in the soil is below the prescribed
maximum limit
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ABSTRACT
Maize is a cereal plant, it has economic value as a source of carbohydrates and
protein after rice. Application of organic matter is expected to improve yield and reduced
N2O emissions. The objective of this study was to determine the combination of organic
and inorganic fertilizer in maize cultivation with high yields and low N 2O emissions.
The experiment was conducted at Indonesian Agricultural Environment Research
Institute, Pati, Central Java on July 2016 - October 2017. The research used
Randomized Block Design (RBD) with DK-77 variety, 6 treatments and 3 replications.
Fertilization treatments: 1) farmyard manure + phonska + urea prill, 2) farmyard
manure + phonska + urea coated biochar, 3) biocompost + phonska + urea prill, 4)
biocompost + phonska + urea coated biochar, 5) sludge + phonska + urea prill, 6) sludge
+ phonska + urea coated biochar. Organic fertilizer rate: farmyard manure 3 ton/ha,
biocompost 3 ton/ha (biochar : compost, 1 : 4) and sludge 3 ton/ha. Inorganic fertilizer
rate: phonska 300 kg/ha, urea prill 200 kg/ha and urea coated biochar 200 kg/ha (urea :
biochar, 4 : 1). Variables observed were yield components, daily flux N2O and plant
height. Emitted gas was collected at every 2 and 4 days after fertilizing application and
every 2 weeks simultaneously with plant height. N 2O gas were analyzed by using gas
chromatography equipped with electron capture detector (ECD). Results showed, there
were no significant different between the combination of organic and inorganic fertilizer
on yield and N2O emissions from maize cultivation.
Keywords: Maize crop, N2O emission, organic and anorganic fertilizer
INTRODUCTION
Increasing of maize production can be improved by using superior
varieties and addition of soil organic matter. Fertilizers are usually applied to
soil for increasing crop yields to meet the increasing demand of food. Providing
organic fertilizer would increase soil fertility and plant growth. The addition of
organic matter would improve soil organic carbon. The application could enrich
and nourish the soil with increasing number of positive microbes in the soil and
could improve yield. Soil organic carbon content was higher in organic manure
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and compost application compared to same inorganic fertilizers rate (Gregorich
et al., 2001).
The current existing maize cultivation practices are considered to
contribute greenhouse gas emissions (GHG), mainly N2O. It is expected that
application of organic and inorganic fertilizers can affect of N2O emissions from
crop cultivation. Increasing use N from inorganic fertilizer in the soil contribute
to increase N2O emission. N2O is the third most important greenhouse gases and
has 298 times the radiative forcing potential of CO2 (IPCC, 2013). The objective
of inorganic fertilizer as urea increased crop production. But also, could increase
N2O emission from high rate of inorganic fertilizer application in the soil
(Tongwane et al., 2016).
Application of organic and inorganic fertilizers can increase the
activities of soil micro-organisms and enzymes and soil available nutrient
contents in the soil (Saha et al., 2008; He and Li 2004). The objective of this study
was to determine the combination of organic and inorganic fertilizer in maize
cultivation with high yields and low N2O emissions.
MATERIALS AND METHODS
Experimental Site
The study was conducted at Indonesian Agricultural Environment
Research Institute (IAERI) in Pati, Central Java (6°46'39.7 "S and 111°11'53.0" E)
on July to October 2017. The location has a climate characteristic with annual
mean rainfall of <1500 mm and soil classification as silt loam, Aeric
Endoaquepts.
Experimental Design and Maize Cultivation
The six treatments were arranged in randomized complete block design
with three replications. The treatments were 1) farmyard manure + phonska +
urea prill, 2) farmyard manure + phonska + urea coated biochar, 3) biocompost +
phonska + urea prill, 4) biocompost + phonska + urea coated biochar, 5) sludge +
phonska + urea prill, 6) sludge + phonska + urea coated biochar. Organic
fertilizer rate were farmyard manure 3 ton ha -1, biocompost 3 ton ha-1 (biochar :
compost ratio, 1 : 4) dan sludge 3 ton/ha. Organic fertilizer analysis presented in
table 1. Inorganic fertilizer rate were phonska 300 kg/ha, urea prill 200 kg ha-1
and urea coated biochar 200 kg/ha (urea : biochar ratio, 4 : 1). The experimental
plot size is 5 m x 6 m, plant spacing 70 cm x 20 cm with 2 seeds DK-77 per hole.
Maize irrigation is carried out periodically with water pumps equipped
with pipes in each experimental plot. Application of organic fertilizer such as
manure, biocompost and sludge is given at the planting day. Organic fertilizer
analysis is shown at table 1. Phonska, inorganic fertilizer is given 15 days after
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planting (1st fertilization) and urea prill or urea coated biochar are given 50 days
after planting (2nd fertilization).
N2O Measurements, plant height and yield components
N2O fluxes were measured by a closed chamber method. The size of
chamber made of Plexiglas was 40 cm length × 20 cm width × 30 cm height. Gas
samples were collected at 10, 20, 30, 40 and 50 min after the chamber
deployment between 6:00-8:00 am. The samples taken by a 20-ml syringe were
stored in 10 ml evacuated glass vials, and then subjected to the laboratory
analysis using gas chromatography (GC). Emitted gas was collected at every 2
and 4 days after fertilizing application and every 2 weeks simultaneously with
plant height.
The calculation of flux N2O emissions used a formula adopted from IAEA
(1992):

Here:
E
: N2O flux (mg m-2 day-1),
dc/dt : Rate of change of concentration with time (t) in the chamber (ppm/min),
mW : Molecular weight of N2O (g),
mV : Molecular volume at standard temperature and pressure (22,41 l),
Vch : Volume of chamber (m3),
Ach : Chamber area (m2),
T
: Average air temperature inside the chamber during gas sampling (oC),
273.2 : Standard temperature Kelvin.
The calculated of total N2O emissions used a trapezoidal integration
method. This method is a linear interpolation and numerical integration
between sampling times (Minamikawa et al., 2015).
The yield of harvested maize was measured from 5.6 m 2 sampling in
each plot. The harvested components were length of cob, yield of maize (cob +
seeds) harvest, biomass, weight of shelled maize seeds and dry cob and weight
of 100 maize seeds. Supporting data observed were plant height data measured
every 2 weeks.
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Table 1. Organic fertilizer analysis
COrganic
Organic N-Total P-Total
Fertilizer
%

K-Total

pH

Biochar
Farmyard
Sludge

19.59
10.14
12.87

0.04
0.17
0.22

0.15
0.21
0.13

0.20
0.98
1.07

7.22
6.58
6.41

Biocompost

8.90

0.18

2.41

0.40

6.20

Statistical analysis
We conducted an analysis of variance (ANOVA) using a randomized
block design. Duncan's Multiple Range Test (DMRT) was performed with a
significance level of 0.05 to test differences. Statistical data analysis used SAS
(System Analysis Statistics) software.
RESULT AND DISCUSSION
Plant Growth
DK 77 variety is hybrid maize which is resistant to downy mildew and
has a potential yield of 12.6 ton ha -1. The growth of DK-77 variety with a
combination of organic and inorganic fertilizers showed not significant
difference in plant height (Table 2).
Table 2. Plant heigth of DK-77 variety

Note: 1. farmyard manure + phonska + urea prill, 2. farmyard manure + phonska + urea
coated biochar, 3. biocompost + phonska + urea prill, 4. biocompost + phonska + urea
coated biochar, 5. sludge + phonska + urea prill and 6. sludge + phonska + urea coated
biochar.

Providing organic matter is believed to increase crop yields and improve
soil fertility. Application of organic and inorganic fertilizers could reduce
fertilizer application, increase the nutrient use efficiency, reduce leaching of
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nutrients, provides nutrient availability to crops and soil structure which
enhances root growth, exchange of gases, nutrient uptake and water (Usman et
al., 2015). The use of organic and inorganic fertilizers in the combination (50:50)
would produce higher yields than the sole application of either fertilizer or
manure particularly (Nasim et al., 2012).
The yield of the DK-77 variety of maize in the form of ear lengths,
biomass and shelled corn seeds is shown in table 3. The results of dry shelled
corn ranged from 6.7-7.29 t/ha. The highest dry biomass was found in farmyard
manure and urea coated biochar by 3.8 ton ha -1 while the highest dry shelled
seed yield in biocompost and urea coated biochar treatment was 7.29 t/ha.
Table 3. Yield components and N2O emission of DK-77 variety

Note: 1. farmyard manure + phonska + urea prill, 2. farmyard manure + phonska + urea
coated biochar, 3. biocompost + phonska + urea prill, 4. biocompost + phonska + urea
coated biochar, 5. sludge + phonska + urea prill and 6. sludge + phonfska + urea coated
biochar.

The application of 3 different types of organic material (farmyard
manure, biocompost and sludge) and the use of inorganic fertilizer (urea coated
biochar) produced different N2O daily flux values. The daily flux of N2O in the
maize crop with various fertilizer treatments can be seen in Figure 1. N2O flux at
the beginning of the vegetative phase is higher than the generatif phase.
Fertilizer gives a positive response to the value of the N2O flux released.
The application of biocompost as organic matter produced the highest
average value of N2O flux. The highest flux value is found in biocompost and
urea prill treatment, which is 2.77 mg/m2. N2O emissions of DK-77 variety
ranged from 1.02-1.42 kg/ha/ season. The lowest N2O emissions were found in
farmyard manure with urea coated biochar, while the highest was in
biocompost with urea prill (Table 3). The use of urea coated biochar could slow
the release of nutrients, so that N2O emissions were 2-4% lower compared to
urea prill.
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N2O mg m-2 day-1

3,0
2,5
1

2,0

2

1,5

3
1,0

4

0,5

1st fertilization

5

2nd fertilization

0,0

6
11

17

19

24
38
52
54
Days After Planting

66

81

94

Figure 1. N2O fluxses from DK-77 variety with organic and inorganic
fertilization
Note: 1. farmyard manure + phonska + urea prill, 2. farmyard manure + phonska + urea
coated biochar, 3. biocompost + phonska + urea prill, 4. biocompost + phonska + urea
coated biochar, 5. sludge + phonska + urea prill and 6. sludge + phonska + urea coated
biochar.

CONCLUSIONS
Combination of organic and inorganic fertilizer were no significant
different on plant growth, yield components and N2O emissions from maize
cultivation. Maize production of DK-77 variety ranges 12.78 - 13.64 t/ha with
shelled maize seeds 6.72 - 7.29 t/ha. Reduction of N2O emission from urea coated
biochar application was 2 - 4%.
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ABSTRACT
The vast territory of Indonesia and its position flanked by two oceans and two
continents make the Indonesia’s climate very dynamic and complex. On the other hand,
climate variability and its change continue to occur and the impacts vary signifikan in
agriculture sector. The pattern and tendency of climate variability can be detected
through global indices such as Nino 3.4 sea surface temperature (SST) and its
relationship to rainfall anomalies. Rainfall is one of the climate parameters that most
plays a role in agriculture. The most obvious impact of climate change on the
agricultural sector is the reduction in planting area and the decrease in production.
Therefore, the Agriculture Sectorneeds to make adaptation efforts to reduce the risk due
to climate change. This paper presents the results of the analysis of the relationship
between Nino 3.4 SST anomalies with rainfall anomalies to determine the key regions of
Indonesia's climate diversity.Key Areas were identified based on the correlation more
than 0.5 and less than -0.5 significance less than 0.1 of the Niño 3.4 SST index with
rainfall anomalies. The results of the analysis show that every condition in both El-Niño
and La-Niñahas a different lag and global index where the correlation is strong and
significant. Key areas have been identified in El-Niño and La-Niñacondition.These
regions are areas that are significantly affected by climate variability and have an impact
on rainfall anomalies which will ultimately affect the agricultural sector.
Keywords: Key Area, rainfall anomaly, SST Niño3.4 anomaly, El-Niño, La-Niña
INTRODUCTION
The impact of climate change on the agricultural sector is very
significant both directly and indirectly. Some research results state the impact of
climate change on the food crops (Taweesin, et al. 2019, Stueker et al. 2018,
Nimusiin et al. 2018, Ajithkumar et al. 2018, Md Abiar et al. 2017, Ndamani et al.
2014 and Aninagyei et al. 2014). Climate anomalies that are also an important
part of the phenomenon of climate change greatly affect rainfall in Indonesia.
The relationship between climate and rainfall was also examined by Claudia et
al. (2018) by taking the study at Bolivian Altiplano. The phenomenon of climate
change and its impact has accelerated inrecent decades (Sheffield and Wood,
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2011). Developed countries today are better able to manage the impacts of a
variable climate, but in developing countries the increasing frequency and
magnitude of extreme weather events pose potentially disastrous consequences
for agriculture and food security (Field 2000, Wilhite 2005, Sheffield and Wood,
2011, Sivakumaretal. 2011a). Knowledge of how and where the climate has
varied and is changing is crucial to developing successful coping strategies for
agriculture and eco-systems in general (Heim Jr., 2015).
The climate anomaly phenomenon that often occurs is El-Niño and LaNiña. The results of Las (2003), which analyzed rainfall data from 239 stations in
Java and Bali, having the observation period of more than 30 years, showed that,
in La-Niña, almost all stations had higher annual rainfall (112-131%) than the
climatological normal. In contrast, in El-Niño, almost all stations had lower
rainfall (79.3-86.2%) than the climatological normal. Climate anomalies not only
affect the amount of rainfall, but also the pattern and duration of periods of rain
and drought which have implications for the shifting of the planting season (Las
2003).
The influence of climate anomalies on rainfall looks typical and varies in
each region. This means that the size of the effect is closely related to local
characteristics and conditions in the area in question. The clearer the rain
pattern that occurs in an area, the influence of climate anomaly will also be seen
clearly and this will facilitate the analysis of the data. According to Las (2004),
the magnitude of the effect of climate anomalies on Indonesia’s rainfall is
determined by three factors, namely: 1) equatorial position related to the role of
the trade wind, 2) monsoonal influence in relation to the role of monsoon winds,
especially the western monsoon, and 3) local influences especially topographic,
mountainous, hydrological and other aspects.
Changes in patterns, intensity and distribution of rainfall are very
influential on agricultural activities, especially cultivation of plants. While the
pattern, intensity and distribution of rainfall are strongly influenced by global
mechanisms and cycles such as sea surface temperature. One of the most
commonly used global indices to see its relationship to rainfall in Indonesia is
Nino 3.4 sea surface temperature.Some research results showed a correlation
between Sea Surface Temperature (SST) and rainfall. Based on the results of
Hendon (2003), it is known that Nino 3.4 SST variability affects 50% of rainfall
variations across Indonesia while the SST variability in the Indian Sea is 10-15%.
In the dry season, SST anomalies that reach +1 oC have caused rainfall to fall
below normal. With Indonesian rainfall data and Indo Pacific SST period 19511997, Aldrian and Susanto (2003) concluded that rainfall anomalies in the dry
season were coherent and strongly correlated with ENSO variations in the
Pacific, whereas the correlation was weakin the rainyseason. The results of
Roberts et al. (2014) in Luzon, the Philippines,showedthat variations in average
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July–September Niño-3.4 SSTAs explained approximately 29% of the
interannual variations in the deviations of total January–June (dry season) rice
production from a polynomial trend for 1970–2005. In contrast, no impact was
found on July–December production in either year t or t + 1. The impact of
ENSO on dry-season rice production in Luzon appearedto be primarily due to
changes in area harvested rather than yield. Production declines for rainfed
ecosystems were relatively larger than those for irrigated ecosystems: a 1°C
increase in average July–September Niño-3.4 SSTA was associated with a 3.7%
decrease in irrigated dry-season production but with a 13.7% decline in rainfed
dry-season production.
More intensive research to study rainfall response to SST was carried
out by Aldrian and Susanto (2003) by correlating seasonal rainfall with
Indonesian oceanic SST to Nino 3.4. The results of the analysis showed that the
influence of SST variedfor each season and every rainy region. A fairly high
correlation (0.45-0.7) occurred in the June-November period in each rainy
region. This means that the correlation is more real in the dry season. The same
conclusion was also obtained from the results of Las’s study (2004) which states
that the correlation of rainfall anomalies with SST anomalies in many parts of
Indonesia was more significant in the dry season than in the rainy season.
Related to the correlation, Boer (1999) and Ratag (1997) showed that the
correlation between the observation pattern and output of various models for
the Indonesian region was around 0.6-0.8 for air temperature and around 0.4-0.5
for rainfall.
The purpose of this paper is to give the information about regions in
Indonesia which have a strong and significant correlation between SST in Nino
3.4 and rainfall anomalies. Data and information are expected to help policy
makers in determining priority areas related to programs and actions for
adaptation to climate change.
MATERIALS AND METHODS
The pattern of the relationship between global indices and the incidence
of rainwas the basis of the analysis in this paper. The monthly rainfall data used
a period of more than 20 years from 621 rain stations. Rainfall data is obtained
from Berau of Meteorology, Climatology and Geophyshica (BMKG), Ministry of
Public Work and Indonesian Agroclimate and Hydrology Research Institute
(IAHRI). For global index data used was Nino 3.4 sea surface temperature
anomaly data, obtain from the NOAA web.
The Niño 3.4 region was an overlap of some of the Niño 3 and Niño
regions 4. The boundaries were 5o LU - 5o LS and 170o - 120o BB (Figure 1). Niño
3.4 was defined by Barnston et al. (1997) when they founded that Niño 3.4
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had a better correlation with ENSO events compared to Niño 3. If sea
surface temperature anomaly (Sea Surface Temperature Anomaly (SSTA) in
Niño 3.4 hada value of ≥ + 0.4oC, then it wascategorized as El-Niño. Whereas
La-Niña occuredwhen SSTAhada value of ≤ - 0.4oC (Trenberth, 1997).

Picture 1. Nino 3.4 observation area (Source: NOAA)
Rainfall data was then calculated for anomalies. The value of rainfall
anomaly at an observation point in a particular month is the difference between
the value of observations in a particular month with the average value of the
same month from the observations during the data period.
n

Yij = Yij − Y j

Yj =

Y
i =1

ij

Nj

Yj is the average value of rainfall in the j-month, Yij is the rainfall data for the jmonth on the i-observation, Yij is the rainfall of the j-month in the iobservation, and Nj is the number of observations for j-month rainfall.
The next step was determination of the lag in rainfall anomaly data and
the Nino 3.4 SST index. Lag is time difference (in months) between SST Nino 3.4
anomalies and rainfall anomalies. Lag 1 means that the rainfall anomaly this
month was influenced by Nino 3.4 SST in the previous month. Lag 2 means that
this month's rainfall anomaly is influenced by Nino 3.4 SST anomalies in the
previous 2 months, and so on until lag 4. The next, data weresorted for normal
conditions, El-Niño and La-Niña. Likewise, the Nino 3.4 SST index data
weresorted and adjusted periodically with rainfall anomaly data. In this study
the determination of key areas of climate diversity was determined at
correlation values> 0.5 and <-0.5, and p <0.1 (90% confidence level).
RESULTS AND DISCUSSION
The result of the correlation between rainfall anomalies and SST Nino
3.4 anomalies in El-Niño conditions showedthat in general strong correlation
values (r)were more scattered in lag 2 (Figure 1). The rain stations with strong
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correlation (0.4-0.6) are Sekincau, Cigudeg, Jiken, Bakung, Sintang,
Pangkalanbun and Moanamani, while the strong negative correlation (<-0.4) are
Detusoko, Juntinyuat, Subang, Ringinharjo, Palasasri, Kambat, Sepinggan,
Anggana and Tanah Grogot (Table 1).

Figure 1. Correlation map between rainfall anomaly and Nino 3.4 index in ElNiño condition
Table 1. List of rainfall stasiun with high correlation and significan in El-Nino
condition
CORRELATION
0.4-0.6
0.4-0.6
0.4-0.6
0.4-0.6
0.4-0.6
0.4-0.6
0.4-0.6
-0.8--0.6
-0.6--0.4
-0.6--0.4
-0.6--0.4
-0.6--0.4
-0.6--0.4
-0.6--0.4
-0.6--0.4
-0.6--0.4

PROVINCE
LAMPUNG
JAWA BARAT
JAWA TENGAH
JAWA TIMUR
KALIMANTAN BARAT
KALIMANTAN TENGAH
PAPUA
NTT
JAWA BARAT
JAWA BARAT
DIY
BALI
KALIMANTAN SELATAN
KALIMANTAN TIMUR
KALIMANTAN TIMUR
KALIMANTAN TIMUR

DISTRICT
Lampung Barat
Bogor
Blora
Kediri
Pontianak
Kotawaringin Barat
Nabire
Ende
Indramayu
Subang
Bantul
Jembrana
Hulu Sungai Tengah
Balikpapan
Kutai Kartanegara
Paser

STATION
StaSekincau
Cigudeg
StaJIKEN
Bakung
Stasiun Meteorologi Sintang
Sta Pangkalanbun
Sta. Met. Kelas III Moanamani
Detusoko
Juntinyuat
Subang
StaRINGINHAR
Palasasri
Stasiun KAMBAT
Sta. Met. Kelas I Sultan A.M.S Sepinggan
Anggana
Tanah Grogot

r value
0,461
0,425
0,594
0,405
0,462
0,566
0,585
-0,693
-0,445
-0,542
-0,43
-0,562
-0,454
-0,448
-0,401
-0,511

In La-Niñacondition, the area with strong and significant correlation
values (r) was greater in lag 2 (Figure 2). The stations with a correlation of more
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than 0.4 or less than -0.4 are South Lampung, Bogor, Tangerang and Tabalong
(Table 2).

Figure 2. Correlation map between rainfall anomaly and Nino 3.4 index in LaNiña condition
Table 2. List of rainfall stasiun with high correlation and significan in La-Nina
condition
CLASS-CORRELATION
0.4-0.6
0.4-0.6
0.4-0.6
0.4-0.6
-0.6--0.4

PROVINCE
LAMPUNG
JAWA BARAT
JAWA BARAT
BANTEN
KALIMANTAN SELATAN

KABUPATEN
Lampung Selatan
Bogor
Bogor
Tangerang
Tabalong

STATION
StaMetrodpu
Cigudeg
Dayeuh
Cikasunga
Stasiun Haruai Muui

r VALUE
0,515
0,451
0,589
0,442
-0,532

For a significance value of less than 0.1 based on the distribution map
(Figure 3) it is seen most in lag 3. There are 162 rain stations from 621 stations
(26%) which have a p value of less than 0.1 or very real/significant. The
significance value explains that Nino 3.4 SST anomalies significantly affect
rainfall anomalies. The location that shows the most significant number of
stations is East Java Province, namely 38 stations and East Kalimantan 20
stations. The complete data is presented in Appendix Table 1.
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Figure 3. Significance map between rainfall anomaly and Nino 3.4 index in ElNiño condition

Figure 4. Significance map between rainfall anomaly and Nino 3.4 index in LaNiña condition
Key area of Indonesia's climate diversity was determined based on the
results of strong correlation and significance between rainfall anomalies and SST
Nino 3.4 anomalies. In this paper, strong correlation values were set more than
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0.5 or less than -0.5 and significant level with a confidence level of less than 0.1
(90% real level).
The results of the identification selected 4 Key Area for El-Nino
conditions: 1). Pangkalanbun Station in Kotawaringin Barat District, Central
Kalimantan Province, 2). Class III Meteorology Station Moanamani in Nabire
Regency, Papua Province, 3). Detusoko Station, Ende Regency, East Nusa
Tenggara Province (NTT), 4) Gorontalo Station, Gorontalo Regency, Gorontalo
Province. Thelag of each location varied from 2 to 4 (Table 3). The resulting
correlation values ranged from 0.57 to 0.59 and -0.55 to -0.55 with a significance
level of 0 to 0.03 (very significant). Negative correlation illustrates that an
increase in SST anomalies in Nino 3.4 affects the decrease in rainfall. This
happened at the location of Detusoko Station and Gorontalo Station. On the
other hand, for positive correlations, it will affect the increase in rainfall, such as
at Pangkalanbun Station at lag 2 and Moanamani Station at lags 2, 3 and 4. The
distribution of those stations can be seen in Figure 5.
Table 3. Key area in El-Nino conditions
Condition

Location
Sta. Pangkalanbun
Sta. Met Kelas III
Moanamani
Sta. Detusoko

El Nino

Lag

Correlation

Significance

Kotawaringin
Barat
Nabire

District

Kalteng

Province

2

0.57

0.01

Papua

2

0.58

0

Ende

NTT

2

-0.69

0.01

Sta. Met Kelas III
Moanamani
Sta. Gorontalo

Nabire

Papua

3

0.59

0

Gorontalo

Gorontalo

4

-0.55

0.03

Sta. Met Kelas III
Moanamani

Nabire

Papua

4

0.58

0

Figure 5. Map of Key Area Indonesia’s Climate Variability based on correlation and
significance between rainfall anomaly and Nino 3.4 index in El-Niño
condition
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In La-Niña condition, there were 3 Key Area that had a high and
significant correlation between Nino 3.4 SST anomalies and rainfall anomalies at
lag 1, 2, 3 and 4. The three locations included: 1). Taman Roya Station, Jeneponto
Regency, South Sulawesi Province, 2). Haruai Muui Station, Tabalong Regency,
South Kalimantan Province and 3). Cigudeg Station, Bogor Regency, West Java
Province (Table 4). All locations showed a negative correlation, meaning that an
increase in Nino 3.4 SST anomalies hadan impact on decreasing rainfall, or a
decrease inNino 3.4 SST anomalies hadan impact on increasing rainfall. In the
La-Niña phenomenon, generally, there is a condition where Nino 3.4 SST
anomaly decreases (index <-0.4), so that it has an impact on increasing rainfall.
The distribution of thelocations can be seen on the map in Figure 6.
Table 4. Key area in La-Nina conditions
CONDITION

La Nina

LOCATION

DISTRICT

PROVINCE

LAG

CORRELATION

SIGNIFICANCE

-1

0.06

Sta. Taman Roya

Jeneponto

Sulsel

1

Sta. Taman Roya

Jeneponto

Sulsel

2

-1

0.14

Sta. Haruai Muui

Tabalong

Kalsel

2

-0.53

0

Sta. Taman Roya

Jeneponto

Sulsel

3

-1

0.06

Sta. Cigudeg

Bogor

Jabar

3

-0.56

0

Sta. Taman Roya

Jeneponto

Sulsel

4

-1

0

Sta. Haruai Muui

Tabalong

Kalsel

4

-0.53

0

Figure 6. Map of Key Area Indonesia’s Climate Variability based on correlation
and significance between rainfall anomaly and Nino 3.4 index in LaNiña condition
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The distribution of correlation values and significance showedthat the
influence of Nino 3.4 SST anomalies on rainfall anomalies in Indonesia was
quite diverse. There was a strong, medium and weak correlation and significant,
very significant orinsignificant distribution. Therefore, an analysis is needed to
find out which areas have strong and significant correlations. Areas that have
been identified as key regions mean that rainfall anomalies in the regions are
strongly influenced by Nino 3.4 SST anomalies at certain lags. Nino 3.4 SST
anomaly is a strong indicator to predict rainfall in the key area. Monitoring of
Nino 3.4 SST anomalies on a regular and continuous basis will be very helpful to
find out the possibility of anomalies of rainfall/climate extrim that will occur.
The identification of this key area is expected to help in determining priority
areas for monitoring extrim climate impact on agriculture sector.
CONCLUSION
Differences of time lag between the occurrence of rainfall anomalies and
the Nino 3.4 index affectedthe strength of the correlation and significance.
In El-Niño conditions, time lags 2, 3 and 4 hada strong correlation
between rainfall anomaly and SST Nino 3.4. Key areas were Kotawaringin Barat,
Ende, Gorontalo, Nabire and Mimika.
In La-Niña conditions, time lag 1, 2, 3 and 4 hadstrong correlation
between rainfall anomaly and SST Nino 3.4. Key Area are Bogor, Tabalong and
Jeneponto.
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ABSTRACT
Irrigation plays a role of vital importance in supporting food security in
Indonesia. However, land use change in watershed areas stimulates water scarcity.
This research aims to study lack of water in some irrigation areas due to land use change
and to analyze its adaptation. Source data was secondary data from some stakeholders
and routing of literature. The Result indicates that a number of existing irrigation area
in Ciliwung often indicates lack of water due to land conversion in the catchment as.
Tourism activity and development of tourism infrastructure facilities. Land use changes
in upstream was identified by land conversion that decrease land cover and increase
human settlement. Based on analysis of upstream Ciliwung watershed AWLR
Katulampa, ratio of maximum discharge and minimum discharge (Qmax/Qmin) is
171.39 > 120, this means upstream Ciliwung river catcment is indicated in critical
catchment. As adaptation step to Water scarcity due to land use change, some irrigation
areas are performed to change planting pattern and agricultural methods.
Keywords: adaptation, irrigation, food security, lacking of water, land use change
INTRODUCTION
Water is the natural resources that have an important function for
human live and being other live. Water is also as an authorized capital in
development. The water resources as irrigation in agricultural development take
a role of vital importance in supporting food security in Indonesia. Water
availability is not quit to irrigate the irrigation areas in increasing food
production. On the other hand, according to the character, water always follow
the hidrologis cycle related with wheater condition, so that water availibility
does not flat every time and every region. Development growth in several
sectors such as agriculture, plantation, industry, exploitation of the natural
resources for mining, and forest exploitation causes degradation of hidrological
condition of the watershed that influences to water availability in the watershed.
Land use change on the upstream Ciliwung has degraded water
availability in Cibanon irrigation area of watershed. The previous research
shows that land use change in the upstream Ciliwung watershed caused
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expansion of Puncak areas as a target of the tourism (Pramono, 2010), and
expansion of the building area which converts dry upland and paddy field
(Ruspendi et al., 2013). An other research also mentions that Ciliwung is one of
the critical basin, with the high land conversion whitout environment
knowledge (Wahyuni and Syartinilia, 2015).
Land use change caused decrease of the diffusion area on the Ciliwung
watershed, degrading water availability, lessening the amount of water required
by crop, so that adaptation is needed to continue irrigation systems. The
purpose of this research is to study lack of water in some irrigated areas due to
land use change and also to analyze its adaptation to continue irrigation
systems.
MATERIALS AND METHODS
Some materials that used in this research were:
1. The Ciliwung watershed topography map obtained from secondary
pursuant to data source data of the BPDAS Ciliwung-Citarum in
Swandayani Thesis year 2010.
2. The upstream Ciliwung land use map in year 1990, 2000, and 2011, obtained
from secondary data from the Ciliwung watershed land cover map, Badan
Planologi Nasional year 2012, that have overlaid with the upstream
Ciliwung watershed map with shp extension file. Type of land use are
natural forest, plantation forest, mix plantation, build up area, dry land
agriculture, paddy field and shrub. Method to differentiate of the each land
use by arranging the colour degradadation.
3. Data of irrigation area, discharge of the weir and plant pattern, obtained
from Dinas Sumber Daya Air, West Java Province. Discharge of the weir get
from year 1993-2017. Plant pattern data obtained from 2 (two) periods are in
globally planning of the plant arrangement in year 2010/2011 and in year
2017/2018.
4. Maximum-minimum discharge data of the Ciliwung river based on AWLR
Katulampa from 1995-2003, from the secondary data from BBWS Ciliwung
Cisadane (Lisnawati and Wibowo, 2010).
Analysis to the data and map, covering pattern plant, discharge
degradation in the weir, watershed shape based analysis, land use change, land
use change to discharge, and adaptation to water scarcity.
Pattern plant and discharge degradation in the irrigation weir were
analyzed based on the secondary data received. Analysis of watershed shape
was based on topography map, land use change was analyzed based on land
use change in 1990, 2000, 2012 and routing previous literature study. Land use
change to discharge was analyzed by river regime coefficient which are
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comparison between maximum and minimum discharge, based on Peraturan
Menteri Kehutanan no P.61 in 2014. Adaptation to the water scarcity was
performed by planting intensity and agricultural methods. Comparison graphs
between plegde discharge and operation water required for irrigation can depict
period time of the water lacking. Pledge discharge irrigation represents
discharge with probability 80%. Water operation required for irrigation
represents the number of water required for period I and II of rice planting and
period III of secondary planting. Adaptation to the present has made based on
several planting intensity scenario, and then has made further by changing
agricultural methods.
RESULT AND DISCUSSION
Plant Pattern
Cibanon irrigation areas of 596 ha cover 559 ha in Bogor sub-province
dan 37 ha in Bogor town which have general planting pattern of paddy-paddysecondary crops. Based on the global planning of the plant arrangement from
data of 2011, from irrigtion areas of 596 ha are about 510 ha for paddy field.
Discharge Degradation in the Irrigation Weir
Discharge on the Cibanon weir as a water resources for Cibanon
irrigation areas have degraded. In period of 1993-1996, water availability in the
weir reachs 10 m3/s for maximum number and 1,925 m3/s for minimum one.
While over the 2002, there are extreme discharge on 2013 which reach 67,473
m3/s for maximum number and 0 for minimum on the 2009. Then, on 1999, was
big floods so that sweep away to barricade. Discharge trend change and floods
indicate to be base flow change on the Ciliwung river, base flow tend to
downhill from year to year downhill indicating to downhill land infiltration.
Watershed Shape Based Analysis
Cibanon irrigation areas located on the midle of watershed, and sloping
area based on topograpy map (Figure 1.), so that upstream watershed activity
have influenced the Cibanon on the midlle.
Upstream Ciliwung watershed shape is like semi fan or radial, caused
riners input flow concentration to one dot around area of Katulampa/Ciawi.
This pattern gives big floods discharge and fluctuative in meeting point of river
input, because of time concentration to the river input as relative uniform.
Upstream Ciliwung watershed outlet in Katulampa is inlet for midlle Ciliwung
watershed.
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Data Source : Swandayani, 2010

Figure 1. Tropographic map of the Ciliwung watershed
Middle Ciliwung watershed covers areas of 13,763 ha, in form of length
look like open duct. With this form, condition of topography which tend to
slopingly, and additional with the condition of its physical tend is surge, so
retardation stream factor in this middle shares enough weaken that river stream
and run off passing quickly go to downstream. A highly water to be run off, and
at least water come into ground caused base flow decreasing and discharge on
the stream become a little when the rain does not happened.
Land Use Change
Development of Puncak areas as a tourism caused increasing pressure to
the landfarm resource in upper Ciliwung watershed. Tourism activity in Puncak
and increasing of the utility such as roads, shop, villa and hotels enhance land
conversion, that the vegetative land change to building area (Pramono, 2010).

1990

2000

2011

Data source : BPLAN, 2012

Figure 2. Land use in the year 1990, 2000 and 2011 of the upstream Ciliwung
watershed
Land use change to building areas from 1990 to 2011 has reached 153%,
that have being increased the mix plantation, natural forest, dry land
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agriculture, shrub dan paddy field. Analysis result showed that most of
agricultural uplands are converted to building areas. Previous research showed
appearance satellite city by developer (Wasis et al., 2012), build around mains
city among others in around Bogor (Arifin, 2011), there are noted 31 estate
developers in Bogor (Arifin, 2011).
Previous research showed that there was a quick conversion of state
forest and people forest in the upper Ciliwung watershed, that is in Cisarua dan
Megamendung district to building areas, namely 225.90 ha per year in 1995-2003
(Pramono, 2010). Image analysis of the land use change map in Puncak areas
covering Ciawi, Megamendung and Cisarua showed the same tendency that the
widely degradation of forest, tea garden, mixture garden and shrub have been
ocurred. On the other hand, accelerate of land conversion to building areas is
more excelsior (Lisnawati and Wibowo, 2010).
Land use change to discharge
Stream fluctuation discharge among both snappy seasons indicates
annoyed function and degradation of the watershed quality. Other research
mention that forest conversion to another use was influenced the hydrological
characteristics such as discharge degradation in dry season and increasing
surface run off in high rainfall (Pratama and Yuwono, 2016).
Existence of the urban building areas addition rapidly in Puncak areas
has result of increasing waterproof area, so that lessen infiltration water into
ground. If expanding of the building areas are uncontrolable, every high rainfall
intensity happened will improve maximum discharge, and when low rainfall
minimum discharge will progressively go down. That’s can be shown the fact
that rainfall in upstream Ciliwung watershed from 1995-2003 tend to decline,
but maximum disharge tend to increase and so do to difference of maximumminimum discharge (Table 1). This condition indicates that degradation of the
upstream Ciliwung watershed can be determined by maximum-minimum
disharge ratio.
Table 1. Maximum-minimum Ciliwung river disharge in the AWLR Katulampa

Year

Minimum
discharge
(m3/s)

Maximum
discharge
(m3/s)

 Maximumminimum discharge
(m3/s)

Ratio of maximumminimum discharge

1995
1.71
244.20
242.49
142.64
1997
1.22
244.20
242.98
199.51
2001
3.46
411.68
408.22
118.98
2003
1.22
298.73
293.51
224.44
Mean
1.91
293.70
291.80
171.39
Data source: BB244.20WS Ciliwung Cisadane in Lisnawati and Wibowo, 2010
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The quality of upstream Ciliwung watershed based on comparison of
Qmax/Qmin = 171.39 (in the Bendung weir) is a critical catchment. So, to prevent
degradation of the watershed quality furthermore, the remain of land with
covered vegetation should be preserved, and expansion of building areas must
be depressed.
Adaptation to water scarcity

600.00

600.00

500.00

500.00

400.00

400.00

Discharge(liter/Ha)

Discharge(liter/Ha)

Water scarcity in the Cibanon weir is occurred becaused of discharge
degradation due to land use change in the upstream Ciliwung watershed as a
consequence from increasing population and tourism facilities before reaching
to the weir, water have been distributated to other activities, beside the
existence of the base flow degradation effect of low infiltration. This difficult
situation is true avoided, so adaptation action for this condition is accomodated
by planting intensity with discharge availability.
Adaptation scenario was made by 4 (four) wide of faction condition
with paddy-paddy-secondary crops planting pattern, covered : 1) 350, 250, 60
ha; 2) 210, 150, 150 ha; 3) 210, 200, 100 ha; and 4) 332, 150, 38 ha. Water balance
based on scenario is shown in Figure 3. From the fourth scenarios of planting
intencity, the 3rd scenario is as a conducive choice.
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Figure 3. Water balance based on the scenario
However, this alternative scenario is conducted as an adaptation step to
the downhill environment condition related to scarcity water on the weir at the
time. Adaptation also can be conducted with change of planting pattern if water
availibility annualy continue downhillly for example paddy-paddy-secondary
crops become paddy-secondary crops-secondary crops. But if planting pattern
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of paddy-paddy-secondary crops will be maintained, while water availibility
remain to be drastic downhill hence require to be made a change of agricultural
methods from conventional system to the system of rice intentification (SRI).
Conventional irrigation systems need larger water for flooding, while SRI
system tend to use water economically and do not need flooding.
CONCLUSIONS
Land use change in the upstream Ciliwung watershed has indentified by
land conversion become building areas due to tourism growth. Land use change
upstream Ciliwung watershed with Qmax/Qmin ratio = 171.39 > 120 is in critical
category. Land use change in the upstream Ciliwung watershed causes
discharge degradation in the midlle areas like Cibanon irrigation area, so water
avalaibility for irrigation tend to downhilly as a result of infiltatrion downhill
that caused low of base flow.
As adaptation step to discharge availibility in the Cibanon weir have
been made 4 (four) scenarios. If water availibility in the weir declines drastic,
alternative of planting pattern and agricultural methods are required, for
example by changing of conventional cultivation to system
of rice
intentification (SRI).
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ABSTRACT
Mungbean is one of the important cash crops legumes in Indonesia which is
rich in digestible protein, and can be planted in wetland during the dry season or on dry
fields during the rainy season. The aim of this study was to determine the relationship
among mungbean genotypes based on agronomic characters and identification the direct
influence of agronomic character to yield diverse mungbean genotypes. The experiment
was conducted in Kendalpayak Research Station in Malang during the dry season 2016.
The material used was 200 genotypes of mungbean from Indonesian Legumes and Tuber
Crops Research Institute (ILETRI) germplasm. The variable observed were plant height,
days to flowering (50%), days to maturity, ratio of vegetative and generative (V/G)
phase, number of branches, number of cluster, number of pods/cluster, pod length,
number of seeds/pod, 100-seed weight, and seed yield per plant. Data were analysis
using correlation and path analysis. The results showed that number of branches,
number of cluster, number of pod per cluster, number of seeds per pod have a significant
positive correlation to mungbean yield. The direct effect of number of cluster on seed
yield was the highest among other (0.676), thus it can be concluded that direct selection
by using number of cluster is considered effective to obtain high seed yield on
mungbean.
Keywords: correlation, path analysis, yield, Vigna radiata
INTRODUCTION
Mungbean is one of important cash crop legumes in Indonesia. Its
position is in third rank as the most important food crop legumes, after soybean
and groundnut. Mungbean has special characteristics, due to its short life (early
maturity), rich protein content and excellent digestibility. Mungbean plays a
role in improving food quality because of their high nutritional content.
According to Kim et al. (2015), mungbean represents a cheap source of
carbohydrates and high-quality protein, folate, and iron. The demand for
mungbean continues to increase along with the increasing number of
Indonesian population and the growing development of the food processing
industry. During the last ten years (2003-2013) the mungbean harvest areas
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decreased by 30.85%, this led to a decrease in mungbean production by 24.18
(Indonesian Statistics Agency, 2016).
In Indonesia, mungbean can be planted in wetland during the dry
season or on dry fields during the rainy season. According to Purwaningrahayu
et al. (2013), mungbean is generally planted in the dry season after upland rice
or corn. In wet climates, mungbean is cultivated with planting patterns upland
rice maize/soybean-mungbean, or maize-soybean-mungbean. In wetland,
mungbean are planted after paddy with the pattern of planting paddy-paddymungbean.
In choosing mungbean varieties, farmers generally consider the
productivity, consumer preference, and the grain price (Trustinah et al., 2014).
Planting high yielding of mungbean varieties have proven to increase the grain
productivity in most areas. Yield is a complex character associated with various
contributing characters which are interrelated among themselves (Garg et al.,
2017). Some of the yield components are highly interrelated. On the other hand,
grain yield is determined by many genetical as well as environmental factors
that are interdependent (Canci and Toker, 2014).
Various studies of the character of plants related to the yield has been
done a lot. Younis et al. (2008) reported that positive result of Lentil plants (Lens
culinaris Medik) was affected directly by days to flowering, plant height,
number of main branches, biological results, harvest index, and weight of 100
seeds. Mahbub et al. (2015) reported that plant height, pod length, number of
seeds per pod, number of pods per plant, hundred seed weight, branches per
plant and number of seeds per pod showed significant positive genotypic and
phenotypic correlation with soybean yield. Begum (2013) reported that yield of
mungbean had significant genotypic correlation with days to pods formation.
Hapsari (2014) reported that the phenotypic correlation between 1000 seeds
weight and pod length with seed yield were positive significant with yield.
With only using correlation analysis between yields with yield
components, sometimes mis-interpretations occur because interrelated
components are correlated. Splitting correlation into direct and indirect effects,
therefore, would provide more meaningful interpretation. Thus correlation in
combination with path coefficient analysis is required to assess quantitatively
direct and indirect influences of yield attributing character (Alom et al., 2014).
Therefore the aim of this study was to determine the relationship of agronomic
characters with yield and identification the direct influence of agronomic
character to yield diverse mungbean genotype.
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MATERIALS AND METHODS
The study was conducted at Kendalpayak Research Station, Indonesian
Legumes and Tuber Research Institute (ILETRI) located in Malang, East Java (8°
2′ 56.4″ S, 112° 37′ 30″E) in 2016. A total of 200 accessions of mungbean
germplasm from ILETRI’s collection were used in this study. Each accession was
planted in plant spacing of 40 x 15 cm with plot size 4.5 m2, and two plant was
maintained in each hole. The variable observed were plant height, days to
flowering (50%), days to maturity, ratio of vegetative and generative (V/G)
phase, number of branches, number of cluster, number of pods/cluster, pod
length, number of seeds/pod, 100-seed weight, and seed yield per plant.
Data were analysis using correlation and path analysis. Correlation
analysis were done using Minitab 14 program to determine the relationship
between agronomic components and yield. Direct and indirect contributions of
various characters to yield were calculated through path coefficient analysis
according to Singh and Chaudary (1979).
RESULTS AND DISCUSSION
Agronomic characters
Variation is the first requirement for selection in plant breeding (Canci
and Taker, 2014). The agronomic characters observed in this research have quite
high diversity. This is reflected in the fairly large range of minimum and
maximum values. Range of value, mean performance, and standard deviation of
mungbean accessions of characters studied are presented in Table 1. Standard
deviation of 11 observed characters ranged 0.1-19.4. Plant height varied from
22.5-138 cm with an average 83.1 cm. Days to flowering varied from 31-57 days
with an average 40.7 days. Days to maturity varied from 60-97 days with an
average 77.1 days. Ratio of vegetative and generative (V/G) phase varied from
0.4-0.7 with an average 0.5. It means that in this study the genotype relatively
has the same duration of vegetative and generative phases.
In yield components, number of branch varied from 0-5 with an average
1.8. Number of cluster varied from 3.8-18.8 with an average 9. The number of
pods per cluster varied from 1-6 with an average 2.7. Pod length varied from
5.9-11.7 cm with an average 8.8 cm. Number of seeds per pod varied from 5.614.1 with an average 11.2. Seed size varied from 3.4-7.3 g/100 seeds with an
average 4.7 g/100 seeds. Seed yield per plant varied from 1-17.8 g with an
average 9 g.
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Table 1. Descriptive statistics of 200 mungbean accessions, 2016
Characters
Plant height (cm)
Days to flowering
Days to maturity
Ratio V/G
Number of branches per plant
Number of cluster
Number of pod per cluster
Pod length (cm)
Number of seeds per pod
100-seed weight (g)
Seed yield per plant (g)

Range

Mean

St_Dev

22.5-138
31-57
60-97
0.4-0.7
0-5
3.8-18.8
1-6
5.9-11.7
5.6-14.1
3.4-7.3
1-17.8

83.1
40.7
77.1
0.5
1.8
9.0
2.7
8.8
11.2
4.7
9.0

19.4
4.9
10.1
0.1
0.8
3.9
0.7
0.9
1.2
1.0
3.2

Coefficient correlation and path analysis
Correlation is useful to assess the strength of the relationship between
two or more characters. The correlation between quantitative characters and
yield has an important meaning in selection activities of breeding program. In
this research, there was significant positive correlation between yield and
agronomic parameters was number of branch (r=0.227**), number of cluster
(r=0.418**), number of pod/cluster (r=0.393**), and number of seeds/pod
(r=0.28**) (Table 2). This indicated that increase of yield is directly related to the
increase number of branch, number of cluster, number of pod/cluster, and
number of seeds/pod. These results are in conformity by Makeen et al. (2007);
Hemavathy et al. (2015) for number of seeds per pod with and by Saeed et al.
(2007) for number of branch.
However, days to flowering (r=-0.308**), days to maturity (r=-0.139**),
and ratio of vegetative and generative (V/G) phase (r=-0.19**) were negatively
correlated to yield. This result suggested that the importance of short duration
genotypes. Similar finding were also reported for days to flowering and
maturity by Trustinah and Iswanto (2014); Hapsari (2014) and Garg et al. (2017).
Table 2. Coefficient correlation between agronomic characters with yield
X2
X3
X4
X5
X6
X7
X8
X9
X10
X11

X1

X2

X3

X4

X5

X6

0.591**
0.669**
-0.19**
0.091
0.434**
-0.144*
-0.065
0.293**
-0.561**
-0.069

0.691**
0.289**
0.208**
0.367**
-0.375**
0.009
0.061
-0.48**
-0.308**

-0.487**
0.18*
0.446**
-0.257**
-0.117
0.213**
-0.579**
-0.139*

-0.002
-0.16*
-0.109
0.163*
-0.216**
0.199**
-0.19**

0.548**
-0.252**
-0.146*
-0.148*
-0.314**
0.227**

-0.158*
-0.297**
0.023
-0.488**
0.418**

X7

X8

X9

X10

-0.139*
0.265** 0.169*
0.03
0.438** -0.184**
0.393** -0.063 0.28** 0.042

Note: X1=plant height, X2=days to flowering, X3=days to maturity, X4=ratio V/G, X5=number of branch, X6=number of
cluster, X7=number of pod/cluster, X8=pod length, X9=number of seeds/pod, X10=100 seed weight, X11=yield.
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The association relationship of mungbean yield and the yield
components has an important meaning, especially in relation to selection
criteria. But these characters are not automatically suggested as single criteria
for selection. This is because the strength of the relationship measured through
the correlation coefficient cannot reveal the extent of the role of the character
itself to the final result. It can happen that a certain character has a high
correlation to yield, but after further analysis it turns out that the relationship is
due to indirect influence through other characters. To study the direct and the
indirect effect between the yield and the yield components, the path analysis
was conducted.
Number of cluster showed a high direct positive effect (P=0.677) on yield
(Table 3). This character also has a significant positive correlation with yield.
These results indicated that number of clusters has a true relationship to the
yield and direct selection of these characters will be considering effective.
Number of branch and number of pod per cluster are also having positive
correlation and direct effect. However, the coefficient of direct effect was small,
so it can be ignored. According to Sumarno and Zuraida (2006), competitive and
compensative between morphologically characters regularly cause the variable
observed to be less consistent.
Table 3. The path
coefficient
analysis
of theXyield components
of mungbean
P
X
X
X
N
X
X
X
1

1

X1

X1
-0.061

X2
-0.432

X3
0.275

X4
-0.069

X5
0.013

X6
0.294

X7
-0.046

X8
-0.003

X9
0.083

X10
-0.121

r
-0.069

X2

-0.036

-0.731

0.284

0.105

0.029

0.248

-0.121

0.000

0.017

-0.104

-0.308**

X3

-0.041

-0.505

0.411

-0.177

0.025

0.302

-0.083

-0.006

0.060

-0.125

-0.139*

X4

0.012

-0.211

-0.200

0.363

0.000

-0.108

-0.035

0.008

-0.061

0.043

-0.19**

X5

-0.006

-0.152

0.074

-0.001

0.139

0.371

-0.081

-0.008

-0.042

-0.068

0.227**

X6

-0.027

-0.268

0.183

-0.058

0.076

0.677

-0.051

-0.015

0.007

-0.105

0.418**

X7

0.009

0.274

-0.105

-0.040

-0.035

-0.107

0.323

-0.007

0.075

0.006

0.393**

X8

0.004

-0.007

-0.048

0.059

-0.020

-0.201

-0.045

0.052

0.048

0.095

-0.063

X9

-0.018

-0.045

0.087

-0.078

-0.021

0.016

0.086

0.009

0.284

-0.040

0.28**

X10

0.034

0.351

-0.238

0.072

-0.044

-0.330

0.010

0.023

-0.052

0.216

0.042

Note: Bold figure indicated the direct effect, X1=plant height, X2=days to flowering,
X3=days to maturity, X4=ratio V/G, X5=number of branch, X6=number of cluster,
X7=number of pod/cluster, X8=pod length, X9=number of seeds/pod, X10=100 seed
weight.
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CONCLUSIONS
Some agronomic characters such as number of branches, number of
cluster, number of pod per cluster, number of seeds per pod have a significant
positive correlation to mungbean yield. The direct effect of number of cluster on
yield was the highest among others, thus it can be concluded that direct
selection by using number of cluster is considered effective to obtain high yield
of mungbean.
.
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ABSTRACT

The use of peatlands for agriculture often causes controversy on Indonesia and
allegedly increases greenhouse gas emissions caused by fertilization. Ameliorants are
often used on peatland to increase productivity. The effects of ameliorant on GHG
emissions depends on the characteristics of ameliorants. Determination of the type of
ameliorant and the appropriate rate of NPK fertilizer is needed to mitigate CO2 and N2O
emissions for red chili cultivation on peatland. This research was carried out on peatland
in the village of Kalampangan, Sebangau District, Kodya Palangkaraya, Indonesia from
June to October 2017. The treatments given were: Factor I; the types of ameliorant
material (A1;100% cow manure, A2; 50% cow manure + 50% biochar A3; 50% cow
manure + 50% compost from weed in situ; A4; 50% cow manure + 50% ash from weeds
in situ), Factor II; the rate of NPK fertilizer (D0; No NPK, D1; 50% of recommended
dose; D2; 100% of recommended dose, D3; 150% recommended dose). The treatments
were arranged in a factorial randomized block design (RBD), with three replications.
Recommended rates of urea (N), SP-36 (P2O5), and KCl (K2O) were 100-200-120 kg/ha.
Observation variables include soil pH, soil Eh, water contents, soil CO2 and N2O
emissions were measured using closed chamber at the vegetative phase (1st month), the
initial generative phase (2nd month), and the end of generative phase (3 rd month),
meanwhile the ground water level was measured using a Micro-GC gas chromatography
(GC) every week during the course of this research. The results showed that CO2
emission were more influenced by the type of ameliorant than the fertilizer dose, while
N2O emission was more influenced by NPK fertilizer rates. The lowest CO2 emission
was observed from the application of 50% cow manure + 50% compost from weed in
situ, which could reduce CO2 emissions up to 40% (1709 kg-1ha-1season-1) of the control
treatment (100% cow manure) (3731 kg-1ha-1season-1). The highest N2O emissions were
shown by ameliorant A3 (50% cow manure + 50% compost from weed in situ) at dosage
NPK 150% from recommendation (1,31 kg-1ha-1season-1) and the lowest shown by
ameliorant A4 (50% cow manure + 50% ash from weeds in situ) at no NPK fertilization
(0.32 kg-1ha-1season-1). The recommended treatment is the treatment of ameliorant 50%
cow manure + 50% compost from weed in situ at 100% NPK rate.
Key words: CO2 emission, N2O emission, peatland, ameliorant type, NPK fertilizer dose
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INTRODUCTION
Although peatlands cover only 6 % of the terrestrial surface of the Earth,
they play a central role in the global carbon (C) cycle (Gorham et al. 2012).
Managed peatlands are large sources of GHGs and C, but, if appropriate
measures are taken, they can be turned back into GHG and C sinks within 15
years of abandonment and rewetting (Schrier-Uijl 2014). Tropical peatland could
be a source of greenhouse gases emission because it contains large amounts of
soil carbon and nitrogen (Inubushi et al. 2003). Tropical peatlands are an
important terrestrial carbon pool, but they are highly vulnerable and have
become a major source of carbon emissions that requires policy changes to allow
mitigation measures to take place (Murdiyarso 2010).
The enhancement of GHG emission as result of conversion on peat
forest to agricultural land is an environmental issue that becomes constraint on
the development of peatland, especially tropical peatland for farming purpose
(Hooijer et al. 2006, 2010; Joosten 2007). Agricultural activities in peatland needs
attention to environmental aspects in addition to efforts to increase the peatland
productivity.
Utilization ameliorant absolutely necessary in order to improve the
management of peatland productivity (Maftu'ah 2012). The peatland
amelioration that used the material which contains polyvalent cation, not only
capable on overcoming the negative effect of high levels of organic compounds,
but also could decreasing of GHG emission from peatland, so that could
increase the peatland stability (Subiksa et al. 2009; 2012; Sabiham and Sukarman
2012). The effect of ameliorant on GHG emissions depends on the characteristics
of ameliorants. Determination of the type of ameliorant and the appropriate
dose of NPK fertilizer is needed to mitigate CO2 and N2O emissions for red chili
cultivation on peatland. The aim of research to determine the effect of some
type ameliorant and NPK fertilizer doses on chili cultivation in peatlands.
MATERIALS AND METHODS
The research was carried out on peat land in the village of
Kalampangan, Sebangau District, Kodya Palangkaraya, Indonesia from June to
October 2017. The treatments given were: (1) types of ameliorant material and
(2) fertilizer dosage. Factor I; Types of ameliorant material (A1;100% cow
manure, A2; 50% cow manure + 50% biochar, A3; 50% cow manure + 50%
compost from weed in situ, A4; 50% cow manure + 50% ash from weeds in situ),
Factor II; Dosage for NPK Fertilization (D0; No NPK, D1; 50% of recommended
dose; D2; 100% of recommended dose, D3; 150% recommended dose). The
treatment was arranged in factorial randomized block design (RBD), and
repeated 3 times.
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Recommended doses of urea (N), SP-46 (P2O5), and KCl (K2O) were 100200-120 kg/ha ( 250 kg urea; 435 kg SP46, and 240 kg KCl ha -1). Urea was given
on the 3 stages, i.e. 1/3 on the initial planting time, 1/3 at the age of 1 month, and
1/3 at the age of 2 months. Red chili was planted in this research. Before planted
on the field, seeds were sown on the polybags, using peat and manure for
around one month. The seeds was ready if after 1 month having around 4- 5
leaves. After planted, seeds were watering in order to release the plant stress.
Then, if not rainy, the plant was watered in the morning and afternoon, using
artificial pipe.
Observation variables include soil pH, soil Eh, water contents, CO2 and
N2O emissions were done at three time i.e. the vegetative phase (1st month), the
initital generative phase (2rd month), and the end of generative phase (3rd
month). Groundwater level was measured manually every 2 days using
piezometers made of PVC at length of 2 m. Piezometers were installed at every
plot of experiment.
CO2 flux was measured on soil and plant using closed chamber that
adopted from International Atomic Energy Agency (IAEA) (1992). Closed
chamber method using a fiberglass of 50 cm length x 50 width x 100 cm height
equipped with fan (12 VDC) and thermometer. The gas was taken using a
syringe needle at 5 minute interval strating from time 0 to 3 minutes, in the
morning at 6:00 - 8:00 pm. The CO2 and N2O gase were analyzed using a MicroGC gas chromatography (GC). Emission rate was calculated using equation
(IAEA 1992.):
E
Where:
E
V
A
T
dCsp/dt
Bm
Vm

Bm x
Vm

Csp x V x 273.2
t
A T 273.2

= flux of CO2 (mg/m2/day)
= cover volume (m3)
= cover base area (m2)
= average air temperature in the containment (oC)
= change rate of CO2 concentration (ppm/min)
= CO2 gas molecule weight in standard condition
= gas volume CO2 in stp (standard temperature and pressure)
condition 22,41 liter at 230 K

Data were analyzed using F test, followed by the smallest real difference
test (BNT). Correlation and regression analysis were conducted to evaluate the
relationship between CO2 flux with pH, Eh, moisture content and groundwater
level (GWL).

456

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5, DOI: 10.5281/zenodo.3345296

RESULT AND DISCUSSIONS
CO2 emissions
CO2 emissions measured are combined emissions of soil + plants. CO2 flux
is more influenced by the type of ameliorant than the dose of NPK fertilizer
(Figure 1). The lowest CO2 flux was shown by ameliorant from 50% cow manure +
50% compost (A3) and the highest was ameliorant 100% cow manure (A1) as
shown in Figure 1 and Figure 2. The CO2 flux pattern for each period as shown in
Figure 1. Type of A1 ameliorants showed a decrease in CO2 flux at the 2nd
month in all fertilization treatments, while the A2 ameliorants increased CO2
flux occurred only at 50% NPK (D1) and then on the 3rd month was decreased.
A3 ameliorant type, at all fertilizer doses showed low CO2 flux on every
observation periodic, whereas in A4 ameliorant type showed CO 2 flux there
was a decrease in the 3rd month.
The provision of cow manure in general has increased CO2 emissions.
Manure contains labile energy that was easily decomposed, thus increasing the
measured CO2 emissions. Increased C-labile concentration could increase
microbial activity so that the released CO2 also increased. Based on the general
pattern, ameliorants that were able to reduce emissions i.e ameliorant A3 (50%
cow manure + 50% compost) and A2 (50% cow manure + 50% biochar). As
reported that the giving of biochar could reduce carbon emissions in peat soil
(Balittra 2015). Biochar could increase the availability of P, soil pH, K and Ca-dd
(Masulili et al. 2010). The effect of adding biochar to soil respiration and CO2
emissions varies (Zimmerman et al. 2011), depending on the type of biochar, soil
type and soil organic C content (Steiner et al. 2008).
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Figure 1. Effect of ameliorant types and dosage of NPK fertilizer on CO2 flux in
several observation periods
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N2O emissions
N2O emissions due to the treatment of the type of ameliorant and the
dose of NPK fertilizer as presented in Figures 3 and 4. N2O flux tends to
decrease with increasing time of observation (Figure 3). Interaction occurs
between the type of ameliorant and the dose of NPK fertilizer on N2O emissions.
The highest N2O emissions were shown by ameliorant A3 (50% cow manure +
50% compost from weed in situ) at dosage NPK 150% from recommendation
(1,31 kg-1ha-1season-1) and the lowest shown by ameliorant A4 (50% cow manure
+ 50% ash from weeds in situ) at no NPK fertilization (0.32 kg-1ha-1season-1)
(Figure 4).
Nitrous oxide (N2O) is produced by the process of nitrification and
denitrification in the soil. According to Ehhalt et al. (2001) that peat soil was one
of the N2O emitters. N2O emissions from the soil to the atmosphere are
influenced by several factors, namely soil moisture, temperature, and
availability of N in the soil (Maljanen et al. 2010). The combination of three
important factors, namely the condition of peatlands, the presence of N fertilizer
applications and relatively constant temperatures throughout the year, would
accelerate the rate of N2O emissions from peatlands to the atmosphere (Takakai
et al. 2006; Jauhiainen et al. 2012). N2O emission from tropical peatland soils was
mainly controlled by a combination of soil moisture conditions and land use (i.e.
forestry vs grassland vs agriculture). The effect of forest fires on N2O emission
from these soils was not clear. Agricultural practices may increase N2O emission
from tropical peatland soils as a result of nitrogen application and changes in
the N2O production potential of the soil.
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Soil Characteristics
Ameliorant types and NPK fertilizer doses affected soil pH H2O,
especially at the 2nd and 3rd months (Figure 5). The highest soil pH (4.86) when
the 3rd month was shown by A4D1 followed by A2D3 with a pH of 4.8, while
the lowest was indicated by A1D0 treatment (pH 4.16). Ameliorant from A4
(50% chicken manure + 50% ash) could increase soil pH higher than other
ameliorant treatments. Ash contained alkaline cations that are high enough to
increase pH in a relatively fast time (Maftuah et al. 2012).
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Figure 5. Soil pH due to ameliorant type treatment (A1, A2, A3, A4) and NPK
fertilizer dosage
At the second month observation period, there was a decrease in pH
and at the 3rd month the soil pH increased. At first month, pH increase is due to
the ameliorant reaction which quickly releases base cations so that they could
bind H+ and organic acids, the pH of the soil increases. Furthermore, the effect
of complexation weakens, then the peat releases organic acid and H+ ions so
that the soil pH decreased at phase seconds. In the 3rd month a several
treatment shown a rise in pH, it is suspected the influence of biochar that assist
released base ion in soil solution.
Redox (Eh) potential value in oxidative conditions with a range of 150400mV as shown in Figure 6. The fluctuation pattern of Eh values was related to
groundwater content (Figure 7). The oxidation reduction process had an
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important role in the availability of soil nutrients, biogeochemical processes of
nutrient cycles and ecological functions. The redox potential value was related
to soil water content, and affects CO2, CH4 and N2O emissions. Significant N2O
emissions occur in oxidative soil conditions, but that were also found at Eh 150
mV (Swamy et al. 2011), also between 120 mv to 250 mV (Yu et al. 2001). The
critical limit for denitrification was Eh 300 mV (Kralova et al. 1992).
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Figure 5. Soil Eh due to ameliorant type treatment (A1, A2, A3, A4) and NPK
fertilizer dosage
The effect of treatment on soil water content as shown in Figure 7. In
general, there was a decrease in soil water content at observations of the 2nd
month, and increased at the 3rd month. Fluctuations of soil water content were
closely related to the groundwater level that is affected by rainfall. Soil moisture
levels affected soil oxidation and reduction conditions, as well as nutrient
availability for plants.
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Figure 7. Groundwater levels in several types of amelioran (A1, A2, A3, A4) and
NPK fertilizer dosage
Ground Water Level
Fluctuations of groundwater level during the study are shown in Figure 8.
In the first month (August) it was seen that the water level approached the surface
around 20-30 cm from the surface, whereas in the 2nd month (September) the
water level was decreasing to 40- 70cm from the surface, and in October it reaches
20-50 cm. The research location is classified as typology D of peat swamp land, so
that the ground water level fluctuations that occur at the research location depend
on the rainfall that occurs at the research location.
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Figure 8. Groundwater level at the research location
The relationship between soil pH, soil moisture content, groundwater level
with CO2 and N2O emissions
Based on Figure 9 there was a positive relationship between soil pH with
CO2 and N2O emissions, but not significant. There was a linear negative
relationship between CO2 emissions and soil water content, while N2O emissions
with soil water content form a quadratic equation (Figure 9). The relationship
pattern between soil with CO2 emission shown a positive relationship even though
it was not significant, while the N2O did not shown a correlation (Figure 9).
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Figure 9. The relationship between soil pH, soil moisture content, with CO2 and
N2O emissions
Emission of greenhouse gases is likely influenced by precipitation
directly and indirectly. Soil moisture is one of the most important controlling
factors for biological reactions in soil, including heterotrophic microorganisms
and plant roots, which produce CO2. Therefore precipitation generally enhances
CO2 emission (Inubushi et al. 2003).
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emissions
Groundwater levels were negatively related to CO2 flux but positively
related to CH4 flux (Furukawa et al. 2005). The temporal variation in CO2 fluxes
could be explained by seasonal temperature variations, whereas N2O fluxes
could be correlated to groundwater level and soil carbon content (Danevic et al.
2010). There is a positive correlation between mean long-term water table depth
and peat oxidation CO2 emission (Jauhiainen et al. 2012).

CONCLUSIONS
CO2 emission were more influenced by the type of ameliorant than the
fertilizer dose, while N2O emission was more influenced by NPK fertilizer rates.
CO2 emission from the application of 50% cow manure + 50% compost from
weed in situ, which could reduce CO2 emissions up to 40% (1709 kg-1ha-1season1) of the control treatment (100% cow manure) (3731 kg-1ha-1season-1). The
highest N2O emissions were shown by ameliorant A3 (50% cow manure + 50%
compost from weed in situ) at dosage NPK 150% from recommendation (1,31
kg-1ha-1season-1) and the lowest shown by ameliorant A4 (50% cow manure +
50% ash from weeds in situ) at no NPK fertilization (0.32 kg-1ha-1season-1). There
was a linear negative relationship between CO2 and N2O emissions and soil water
content and ground water level (GWL). The recommended of treatment is the
ameliorant in from 50% cow manure + 50% compost from weed in situ at 100%
NPK rate (A3D2) that able to reduce CO2 emissions up to 251% and N2O up to 36%
compared to the ameliorant in the form of 100% cow manure without NPK
fertilizer (A1DO)
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ABSTRACT
One strategy to reduce methane from the ruminant digestive tract is by
microorganism manipulation in the rumen. Probiotic products could inhibit or reduce
of methane production from the ruminant digestive tract and expect to increase
productivity without negatively impacting productivity.The objective of this study was
to examinethe potential of acetogenic bacteria (Acetoanaerobium notarae) and Yeast
(Aspergillus niger and Saccharomyces cereviseae) and as a methane-reducing probiotic
from the digestive tract of ruminants by in vitro test.The examinationwasperformed by
in vitro gas production with four treatments: P1 (control treatment), P2 (P1 +
Acetoanarobium notarae) and P3 (P1 + Acetoanarobium notarae and Aspergillus niger);
P4 (P1+ Acetoanarobium notarae + Aspergillus niger + Saccharomyces cereviseae).
Observations were conducted on thedegradation of dry matter, degradation of organic
matter, pH, total gas production, the concentration of CH4 and CO2, C2, C3, C4,and
C2/C3. The study was designed on a complete randomized design. Data were analyzed
using ANOVA and LSD test.The addition of probioticshoweda significant effect on pH,
concentration of CH4 and C2/C3. Acetoanaerobium notarae and Aspergillus
nigerprovideda better effect on the decrease of CH 4, Acetogenic bacteria and yeast had
caused a decrease in pH than the control treatment. While Acetogenic bacteria and yeast
(mixed of Aspergillus niger and Saccharomyces cereviseae) affect the lowest of C2/C3.
Keywords: Probiotic, Acetoanarobium notarae, Saccharomyces cereviseae, greenhouse gas.
INTRODUCTION
Through the methanogenic process in the rumen, methane gas is one
form of loss of digestible feed energy in ruminant livestock (Boccazzi and
Patterson, 1995), and contributes significantly to the effect of greenhouse gas.
According to Johnson and Johnson (1995), this process results in 2%–15% loss of
feed energy. Methods of inhibiting methanogens include: use of antibiotics;
promoting viruses/bacteriophages; use of feed additives such as fats and oils, or
nitrate salts, or dicarboxylic acids; defaunation; and vaccination against
methanogens (Murmula-Meat et al, 2011).
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In order to avoid accumulation of hydrogen gas, another approach has
been taken to suppress methanogenic process in the rumen, namely by
homoacetogen bacteria intervenedusing hydrogen (Le Van et al., 1998; Lopez et
al., 1999), where these bacteria use CO2 and H2 substrates for growing and
producing acetic acid as a metabolite product. Bio-reaction of acetic acid
formation through CO2 reduction by H2 is proposed by Ljungdahl (1986).
Reductive acetogens are a group of bacteria which produce acetate from
hydrogen and carbon dioxides (4H2+2CO2→CH3COOH+2H2O) using the acetylCoA pathway (Drake et al., 2006). This suggests that acetogens may serve as
hydrogen sinks in experiments, which seek to lower methane emissions (Van
Nevel and Demeyer, 1995; Morvanet al., 1996; Joblin, 1999) in cattle.
Chaucheyras-Durand et al. (1995) have shown that the presence of yeast
cells could stimulate the useof hydrogen by acetogens and enhance acetogenesis
in an experiment utilizing a co-culture of acetogen and methanogen.Mwenya et
al (2004) reported that the addition of yeast culture to sheep feed was able to
reduce methane gas production in sheep.
Microorganisms that couldbe used as probiotic for ruminants are
Lactobacillus, Bifidobacterium, Enterococcus, Streptococcus, Bacillus,
Saccharomyces (a yeast), Aspergillus and Propionibacterium. The
commonSaccharomyces that used for probiotic in ruminants is Saccharomyces
cerivisiae (Shin et al., 1989). Aspergillusniger is afungusand often to useas
probiotic such as Aspergillusnigerand Aspergillusoryzae (Chen et al., 2004).
Saccharomyces cereviseaecouldalso be used both as a probiotic for human food
industry and animal feed. Saccharomyces cerivisiae is a probiotic microorganism
which rich in enzymes, vitamins, and other important cofactors (Dawson,
1993).Aspergilluscontains the cellulase enzyme which stimulates the growth of
microorganisms cellulolytic (Offer, 1990).
Our hypothesized wasthe methanogenic process in the rumen could
bereduced by enhancing of acetogenesis with a supplement of yeast and
exogenous acetogens. Therefore, in thestudy, we examinedthe effects of
acetogenic bacteria and yeast (Saccharomyces cereviseae and Aspergillusniger) on in
vitro methane production and rumen fermentation.
MATERIALS AND METHODS
Materials
Complete feed that contain comersial concentrate and rice straw with
the concentrate : forage ratio was 40 : 60. Probiotic microorganism :
Acetoanaerobium noterae (liquid form), Saccharomyces sereviseae (dry form) and
Aspergillus niger (dry form).Rumen fluidwas taken from male PO cattle with a
rumen fistula. The cattle werefed with grass (kind of elephant grass) and
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concentrate with a ratio of 60:40. Artificial rumen buffer according to Menke et
al., (1979),modifiedby Blümmel et al. (1997). Glass syringe for In vitro gas test
and GC (Gas Chromatography).
Methods
Amounts of 500 mg of substrates were weighed and transferred into 100
ml glass syringe (Fortuna model, Germany). The substrates were added with 50
ml of rumen fluid mixed with buffer according to Menke et al. (1979)
modifiedby Blümmel et al. (1997). The incubation was carried out at 39°C for 48
h. All of the measurements were repeated three times as replication. Gas
production measurements were performed at 0, 3, 6, 9, 12, 18, 24, 30, 36 and 48 h
incubation time. Sample for CH4 dan CO2 production were taken at 24 and 48
hour after of incubation. CH4andCO2 production wereanalysed using GC.
Treatments
P1 = control feed;
P2 = P1 + Acetoanarobium noterae
P3 = P1 + Acetoanarobium noterae and Aspergillus niger
P4 = P1 + Acetoanarobium notarae + Aspergillus niger + Saccharomyces
cereviseae
This research was arranged oncomplete randomized design. Data were
analyzed using ANOVA and duncan test was conductedon the parameters
effected by the treatment. Parameters observed were degradation of dry matter,
degradation of organic matter, total gas production, concentration of CH4 and
CO2, pH, acetic acid (C2), propionic acid (C3), butiric acid (C4)and C2/C3.
RESULT AND DISCUSSIONS
Table 1. In vitro rumen gas production profil
Parameter
Total gas
V of gas production
(ml/hour)
CH4 (%)
CO2 (%)

P1

P2

P3

102.00±5.0
2.13±0.1

105.00±5.5
2,19±0.11

101.67±4.5
2.12±0.09

1.67±1.93
0.83±0.49

3,79±1.53
1.11±0.40

1.48±1.17
0.59±0.09

P4
92,67±12.22
1,93±0.25
2.54±0.65
0.89±0.17

Adding of A notarae, S cereviseaeand Aspergillus niger has no effect on
total gas, rate of gas production, CH4 and CO2 concentration. Production is
closely related to the digestibility of ruminant feed ingredients (Nuswantara,
2009).The highest gas production on P2 was 105 ± 5,50 ml and gas production
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rate was 2,19 ± 0,11. The lowest gas production in P4 was 92.67 ± 12.22 ml and
the rate of gas production was 1.93 ± 0,25 ml / hour. The treatment had no effect
on CH4 and CO2 concentration. Adding of mixed of A notarae and A
nigerproduced the lowest green house gases (CH4 and CO2). Adding
Acetoanaerobiumnotarae was reported couldreduce enteric CH4 production and
increase the composition of acetic acid in the rumen VFA fraction in vitro
(Thalib, 2008). Adding A notarae mixed with Aspergillus nigeron P3 showedthe
lowest production of CH4(1.48%±1.17) and CO2(0.59%±0.09) compared to
treatment P1, P2 and P4.
Feed Degradation and Rumen Characteristic
The effect of the addition of Acetoanaerobium notarae,Saccharomyces
sereviseaeand Aspergillus niger on in vitro feed degradation and rumen
characteristic were shown in Table 2.
Table 2. In vitro feed degradation and rumen characteristic

48.78±3.01

Control +
A notarae
(P2)
56.40±17.41

Control + A
noterae + A
niger (P3)
44,62±4.69

Control + A
noterae + A niger
+ S cerevisiae (P4)
44,27±4.38

52.87±3.29

60.22±17.02

48.50±4.22

49.23±3,91

5.74±0.03

A

5.78±0.04

5.78±0.04A

Parameter

Control (P1)

DM Degradation (%)
OM Degradation (%)

B

A

pH

5.92±0.05

C2 Ml Mol/l

35.12±7.96

39.81±5.91

40.59±6.15

37.35±7.36

C3 Ml Mol/l

9.90±2.84

12.33±2.08

11.67±1.53

11.87±2.80

C4 Ml Mol/l

9.77±3.46

13.11±3,15

12.08±2.33

11.86±3.41

54.86±14.38

65.67±11.11

64.63±9.96

61.43±13.92

total VFA Ml Mol/l
C2/C3

3.56±0.24

B

A

3.13±0.15

AB

3.38±0.09

3.08±0.22A

Adding A notarae and S cereviseaehad no effect on degradation of DM
and OM, C2, C3, C4 and total VFA. The range of DM degradation values were
44,62%±4.69(P3) to 56.40%±17.41 (P2). The range of OM degradation values were
48.50%±4.22(P3) to 60.22%±17.02(P2). The range of C2values were 35,12 Ml
Mol/L ± 7,96 (P1) to 40,59 Ml Mol/L ± 6,15 (P3). The range of C3values were 9,90
Ml Mol/L ± 2,84 (P1) to 12,33 Ml Mol/L ± 2.08 (P3). The range of C4values were
9,77Ml Mol/L±3,46 (P1) to 13,11Ml Mol/L±3,15 (P3). The range of total VFA were
54.86Ml/ Mol±14.38 (P1) to 65.67 Ml Mol/L±11.11. Volatile fatty acids are endproducts of microbial fermentation in the rumen and reticulum and, upon
absorption into the portal bloodstream, become the main source of
metabolizable energy (ME) for the ruminant animal. The mainVFA, in
descending order of their normal concentrations in the rumen are: acetic,
propionic, butyric, isobutyric, valeric and isovaleric.The results of this study
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was different from those delivered byHassan and Saeed (2013). They
reportedthat Saccharomyces cereviseae increased rumen VFA concentrations
without affecting dry matter digestibility, can increase the production of C3 in
the rumenand lower methane emission.
pH of the rumen fluid wasaffected by the treatments.The lowest pHwas
at P2 (5.74 ± 0.03)and the highest pHwas at P1 (5.92 ± 0.05). Hassan and Saeed
(2013) reported that adding S cereviseae can increase pH in the rumen. The
rumen's ideal pH is neutral. The lowest pH at P2 treatment affectedby
acetogenic bacteria asacetic acid-producing bacteria. The pH value is one of the
most decisive factors to the microbial population in the rumen. Decreased pH
occurs due to the rapid fermentation of non-structural carbohydrates, which
will reducesalivary expenditure into the rumen.
Ratio of acetic acid to propionic acid (C2/C3) was affected by the
treatment. The lowest of C2/C3was in P4 (3.08 ± 0.22) P2 (3,13 ± 0,15) and the
highest was in P1 (3.56 ± 0.24).Volatile fatty acids are important mid-products in
the production of methane. Increasing of propionic acid production (C 3) always
results in failure of methanogenesis (Ren at al, 2005), thereforethe ratio of C2 and
C3couldbe able as good indicator for methane production. The lower ratio of C2
and C3 will reduce the methane production.

CONCLUSIONS
The addition of probiotics provideda significant effect on pH and the
C2/C3. The mixture of Acetoanaerobium notarae, Saccharomyces cereviseaeand A
nigerprovideda better effect on the decrease inCH4 and CO2.
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ABSTRACT
The estimation of methane enteric fermentationemission from ruminants in
Indonesia using the Tier 1 approach seems to overestimatefrom the actual emission
value. Onthe other hand, using Tier 2 is very complicated because of very diverse
circumstance of managements and environmental systems in Indonesian livestock. The
purpose of this study was to compare the estimation of ruminant enteric emissions in
Indonesia using the Tier 1 and Tier 2 approaches. Those estimations were calculated
using the “Agriculture and Land Use-National Greenhouse Gas Inventory” (ALU)
Software. The livestock (buffalo, dairy cattle, beef cattle, sheep and goats) population
data were from the Indonesian Livestock and Animal Health Statistics by 2016. At Tier
1 approach, we used the default emission factors of IPCC (2006), while at Tier 2,we used
emission factors for livestock subcategories. The values were obtainedfrom enhanced
inventory data and other data such as age, animal productivity, diet quality and
management circumstances; afterward by ALU software, the data were entered step by
step to estimate methane emission from each type of livestock. The estimated enteric
methane emissions using Tier 1 was1,030,851 Gg CH4yr-1, consisted of 74,532;
36,307; 752,193; 78,583; and 89,236 Gg CH4 yr-1 from buffalo, dairy cows, beef cattle,
sheep and goats, respectively. Using Tier 2 approach it was845,951 consisted of
60,578;26,262; 596,931; 72,944and 89,236 Gg CH4yr-1,from buffalo, dairy cattle, beef
cattle, sheep and goats, respectively. This concluded that the Tier 2 estimation of enteric
methane emissions of major livestock in Indonesia was 15% lower than that of Tier 1.
The Tier 2 estimation was likely to be closer with the actual condition.
Keywords: Methane emission, livestock, Tier 1, Tier 2
INTRODUCTION
Indonesia play an active role in global climate change. Indonesia has
ratified the climate change convention through UU No. 6/1994, has also ratified
the Kyoto Protocol through UU No. 17/2004, as well as the Paris Agreement in
2016 under the United Nations Framework Convention on Climate Change
(UNFCCC).
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One of the substance of the Paris Agreement is the commitment of the
member countries to make efforts to reduce emissions quickly through
mitigation actions with increasing values every period. The mitigation process
certainly requires an inventory of greenhouse gas emissions as information on
the value of emissions and the foundation of the mitigation process itself.
The inventory data is reported every two years to the UNFCCC (United
Nations Framework Convention on Climate Change). In the inventory and
reduction program of greenhouse gas emissions, in the past, Indonesia used the
default emission factor of the Intergovernmental Panel on Climate Change
(IPCC 2006). Activities of the National Greenhouse Gas-Action Plan (RAN-GRK)
include agriculture, forestry and peat land, energy and transportation, industry,
waste management and other supporting activities.
Agriculture produces about 10%–12% of total global anthropogenic
greenhouse gas emissions; methane contributes about 50% of it(Eckard et al.,
2010) and 33% of methane emission is from ruminant livestock (Beauchemin, et
al., 2008). Most (about 97%)of methane originated from livestock is from enteric
fermentation while 3% is from manure (Broucek, 2014). Methane is a powerful
greenhouse gas in terms of its radiative force, with the global warming potential
(GWP) for a time horizon of 100 years of 25 (Boucher et al., 2009).
In the livestock sector, breed, type of production system, climate
conditions affect the amount of emitted methane. Haryanto and Thalib (2009)
stated that the kind and quality of feed are the main factors determining the
amount of methane emissions. Inventory of methane emission from ruminants
can be estimated using Tier 1, Tier 2 or Tier 3 approached. Tier 1 is quite simple,
in principle only multiplying the populations of livestock (buffalo, dairy cows,
beef cattle, sheep and goats) with the default emission factors provided in IPCC
(2006). The Tier 2 approachcouldbe producing a more accurate estimate, but it
requires more data that are complex. By using Tier 2 approached, we have to
provide enhanced livestock characterization for each type (Dong et al., 2006).
Emission factors for Tier 2 to estimate methane gas emissions from livestock had
not been widely studied in Indonesia, but several data categories and sub
categories of livestockhad already available. By ALU software, the existing
categories and sub categories data can be processed using the Tier 2 method to
estimate methane gas emissions. Some data that were not yet available would be
provided by data-default from the software.
The complete and accurate enhanced livestock data for every area and
condition in Indonesia is not easyto collect instantly, because Indonesia is a vast
country, it hasvaried on land contours, which make variation on climates,
vegetation and breed of livestock. Indonesian people also have variation on
cultural backgrounds; it leads variation on farming management.
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By exist enhanced data we estimated ruminant enteric emissions in
Indonesia by Tier 2 approach and compare the value with Tier 1using the
“Agriculture and Land Use-National Greenhouse Gas Inventory” (ALU)
Software as the calculator.
MATERIALS AND METHODS
Estimation of methane enteric emission was calculated with ALU
Software (version 6.0.1) (https://www2.nrel.colostate.edu/projects/ALUsoftware/). The software was prepared by the Natural Resource Ecology Laboratory
of Colorado State University, United States Environmental Protection Agency
and UnitedStates Agency for International Development. ALU software is based
on methodologies in the 2006 IPCC Guidelines.
In this study, we used data from five type of animal livestock (buffalo,
dairy cattle, beef cattle, sheep and goat). The population data were from
inventory 2016, the sex and age ratio of large ruminant (beef cattle, dairy cattle
and buffalo) based on cencus 2011 and the sex and age ratio of small ruminant
(sheep and goat) were from survey of livestock household 2008. The all data
were taken from Livestock and Animal Health Statistics 2017 in Indonesia
(Director General of Livestock and Animal Health Service, 2017)
The estimation of methane enteric approached by Tier 1 used equation:
AAP = Daysalive x (NAPA/365)
AAP : anual average population
NAPA : number of animals produced annually
365
: days in a year
Tier 2 approached neededthe base population (primary data), it divided
into main-categories and subcategories as Table 10.1 of IPCC (2006), guidelines
(Table 1). The variable data of main category and sub category on Tier 2
approached as much as possible were fulfilled from previous supported
research. When some variables are still unfulfilled, the calculation used default
variable from Asia data in ALU software. The data were entered step by step on
ALU software to estimate methane emission from each type of livestock.
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Table 1. Representative livestock categories
Main Categories

Subcategories

Mature Dairy Cow or Mature

− High-producing cows that have calved at least once
and are used principally for milk production
− Low-producing cows that have calved at least once
and are used principally for milk production
Females:

Dairy Buffalo

Other Mature Cattle or Mature
Non-dairy Buffalo

Growing Cattle or Growing
Buffalo

Mature Ewes

Other Mature Sheep (>1 year)
Growing Lambs

− Cows used to produce offspring for meat
− Cows used for more than one production purpose:
milk, meat, draft
Males:
−
−
−
−
−
−

Bulls used principally for breeding purposes
Bullocks used principally for draft power
Calves pre-weaning
Replacement dairy heifers
Growing / fattening cattle or buffalo post-weaning
Feedlot-fed cattle on diets containing > 90 %
concentrates
− Breeding ewes for production of offspring and wool
production
− Milking ewes where commercial milk production is
the primary purpose
No further sub-categorization recommended
− Intact males
− Castrates
− Females

RESULT AND DISCUSSIONS
The primary data werepresented on Table 2. In Indonesia, the highest
livestock population in 2016 was goat (17847197 head)and followed by beef
cattle, sheep, buffalo and dairy cow. The sex ratio of large ruminants were
almost the same, the average percentage of male was 28.05% and the female was
71.95%. The sex ration of small ruminants were similar also, most of them were
female with the average percentage of male was 37.48% and the female was
62.43%.
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Table 2. Ruminant population in 2016 and their categories
Livestock
Buffalo
Dairy
Cow
Beef
Cattle

Population
(head)

Weaning (%)
Male

Yearling (%)

Female

Male

Mature (%)

Female

Male

Total (%)

F (2-4 y)

F(4-6y)

F (>6 y)

Male

Female

Total

1,355,124

8.31

8.01

9.71

10.97

13.23

14.12

18.48

17.18

31.25

68.76

100

533,933

9.37

12.36

8.40

15.62

3.28

25.52

21.21

4.23

21.05

78.94

100

16,004,097

9.76

9.54

12.27

13.56

9.81

18.15

18.74

8.15

31.84

68.14

100

Weaning (%)
Male

Female

Yearling (%)

castrate

Male

Mature (%)

Female castrate

Male

Total (%)

Female castrate

Male

Female castrate

Goat

17,847,197 12.06

15.04

0.02

12.01

14.38

0.07

12.99

32.93

0.05

37.06

62.80

0.14

Sheep

15,716,667 12.49

15.17

-

11.62

14.26

0.02

13.78

32.63

0.02

37.90

62.06

0.04
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The estimation of methane enteric from Ruminants in Indonesia, using
ALU software atTier 1 leves wereshown in Table 3. The methane enteric
emission from beef cattle was the highest (752.193 Gg CH4yr-1), it was72.97% of
the total methane enteric . The lowest methane emission was from dairy cows of
36.307 Gg CH4 yr-1 or 3.52%. The average annual population of sheep and goat
were similar with beef cattle, but the enteric methane emission were just 7.62%
and 8.66% of five category. It wascaused byemission factor of sheep and goat is
just about 10% than emission factor of large ruminant (Dong et al., 2006). This
condition wasapparently related with their feed intake, the estimation of gross
energy intake was used for deriving the final CH4emission factor for different
subcategories animals (Lokupitiya, 2016)
Table 3. Estimation of Indonesian methane enteric in 2016, approachby Tier 1
Livestock
Category
Buffalo

Mean Annual
Temperature
(C)

Emission
Average Annual
Population (head)

Factor
(kg CH4head

CH4 enteric
-

(Gg CH4yr-1)

1

yr-1)

≥ 28

1,355,124

55

74.532

24

533,933

68

36.307

Beef Cattle

≥ 28

16,004,100

47

752.193

Sheep

≥ 28

15,716,670

5

78.583

Goats

≥ 28

17,847,200

5

Dairy Cows

TOTAL

89.236
1030,851

The estimation of methane enteric from buffalo with in its subcategory
was displayedon Table 4. The highest emission wasfrom mature buffalo (51.898
Gg CH4yr-1) or about 85.67%. The high of CH4 emission factor and average
annual population of mature buffalo affected thehigh value. The feeding
situation, we chose 50% grazing in large areas and 50% in stall. The equation
factors i.e. average live weight of animal, mature live weight, average daily
weight gain, milk produced, fat content of milk, hours of work per day, percent
females pregnant, percent digestibility energy of feed and fraction N
retention,thevalue used default Asia Table (IPCC, 2006) while Percent female
lactating used 18% and percent crude protein in diet used 9.5%, those
valuesconsidered an expert judgement.
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Table 4. Estimation of buffalo methane enteric fermentation emission in 2016,
calculated by Tier 2

Livestock
category

Buffalo

Livestock
Population

Mature
Weaning
Yearling

Mean Annual
Temperature
(C)
≥ 28
≥ 28
≥ 28

TOTAL

Average
Annual
Population
(head)
853,864
221,156
280,104
1,355,124

Enteric CH4
Emission Factor:
Enhanced
Characterization
(kg CH4head-1yr1)
134.561
27.134
40.636

CH4 enteric
(Gg CH4yr-1)

51.898
3.003
5.678
60.578

The estimation of methane enteric from dairy cowwith in its subcategory
was displayed on Table 5. The highest emission wasstill from mature (21.816 Gg
CH4yr-1) or about 83.07%. The high of CH4 emission factor and average annual
population of mature dairy cows affected this high value. The feeding situation
we selected 100% in stall. Most of equation factors used expert judgement except
percent digestibility energy of feed and fraction N retention the value used
default from Asia Table (IPCC, 2006).
Table 5. Estimation of dairy cows methane enteric in 2016, approached by Tier 2

Livestock
category

Livestock
Population

Dairy Cow

Mature
Weaning
Yearling

TOTAL

Mean Annual
Temperature
(C)
24
24
24

Average
Annual
Population
(head)
289,605
116,024
128,304
533,933

Enteric CH4
Emission Factor:
Enhanced
Characterization
(kg CH4-1head1yr-1)
75.329
7.520
27.855

CH4 enteric
(Gg CH4yr-1)

21.816
0.872
3.574
26.262

The methane enteric from beef cattle and its subcategory was
presentedon Table 6. The mature beef cattle methane enteric emission wasvery
high (482.058 Gg CH4yr-1) or about 80.76%. The highest of mature wasrelated
with CH4 emission factor and average annual population of mature beef cattle.
Onfeeding situation we selected50% grazing large areas and 50% in stall.
Similary with the dairy cows, most of equation factors used expert judgement
except percent digestibility energy of feed and fraction N retention their value
used default from Asia Table (IPCC,2006).
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Table 6. Estimation of Beef cattle methane enteric in 2016, approached by Tier 2

Livestock
category

Livestock
Population

Beef Cattle

Mature
Weaning
Yearling

Mean Annual
Temperature
(C)
≥ 28
≥ 28
≥ 28

TOTAL

Average
Annual
Population
(head)
8,778,247
3,091,991
4,133,859
16,004,097

Enteric CH4
Emission Factor:
Enhanced
Characterization
(kg CH4head-1yr1)
120.365
24.770
37.097

CH4 enteric
(Gg CH4yr-1)

482.058
38.308
76.565
596.931

The estimation of methane enteric from sheep with in its subcategory
was shownon Table 7. The mature and weaning sheep hadmethane emission
value almost similarThe highest methane enteric emission from sheep was the
mature one (32.314 Gg CH4yr-1) followed by weaning (31.075 Gg CH4yr-1) and
yearling (9.555 Gg CH4/yr). The feeding situation we chose 50% grazing in large
areas and 50% in stall.
The birthing situation, as ALU software data needed, used category nobirth 40%, single birth 40.91%, double birth 17.09% and triple birth or more 2 %;
those percentage citated from Inounu et al. (2006). The average of live body
weight at birth was 2.65 kg (Somanjaya et al. 2015). The average of live body
weight at weaning was 19.28 kg (Warsiti et al., 2004). The average of yearling
live body weight of sheep was taken from Inounu (2011). The average of mature
live body weight of sheep was 28.86 kg (Sumantri et al., 2007).
Table 7. Estimation of sheep methane enteric in 2016, approached by Tier 2

Livestock
category

Sheep

TOTAL
Goats

Livestock
Population

Mature
Weaning
Yearling

Mean Annual
Temperature
(C)
≥ 28
≥ 28
≥ 28
≥ 28

Average
Annual
Population
(head)
7,297,249
1,071,920
3,068,087
11,437,256
17,847,200

Enteric CH4
Emission Factor:
Enhanced
Characterization
(kg CH4head-1yr1)
14.743
63.867
9.204
5

CH4 enteric
(Gg CH4yr-1)

32.314
31.075
9.555
72.944
89.236

On Table 7 we could observe the methane enteric of goat has the same
value with calculation using Tier 1 approached (Table 3), their value was 89.236
Gg CH4/yr. This condition appear since IPCC (2006 )is still not categorizedgoat
further. In the ALU software, goat automatically entered in basic
characterization andcalculated as Tier 1, not in enhanced characterization.
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Table 8 showed comparison of estimated methane enteric which
calculated by ALU software between Tier 1 and 2approached, from Indonesian
ruminant livestock. The tier 2 values was lower than Tier 1.
Table 8. Comparison methane enteric emission approached by Tier 1 and Tier 2
Livestock Category

Base Population
(head)

Buffalo
Dairy Cows
Beef Cattle
Sheep
Goats
TOTAL/AVERAGE

1,355,124
533,933
16,004,097
15,716,667
17,847,197
51,457,018

CH4 enteric
Tier 1 (Gg
CH4yr-1)
74.532
36.307
752.193
78.583
89.236
1,030.851

CH4 enteric
Tier 2 (Gg
CH4yr-1)
60.578
26.262
596.931
72.944
89.236
845.951

Difference Tier
1 minusTier 2
(%)
18.72
27.67
20.64
7.18
0.00
14.84

The higher decrease was dairy cows 27.67% followed by beef cattle,
buffalo and sheep respectively were 20.64%, 18.72% and 7.18%; overall, using
Tier 2 approached the methane enteric emission in Indonesia was 14.84%
decreased.by a separated research.

CONCLUSIONS
Using the Tier 1 level, the amount of livestock enteric fermentation
emissionwas apparently over estimates. The estimation by Tier 2 approached
was about 14.84% lower than Tier1. Collaboration between the enhanced
inventory data, proper research result and a proper tool delivered amount of
Tier 2 obviously was lower than Tier 1. It can be predicted when all of equation
factors were acommodated and adjusted in every single condition in livestock,
the methane emission will be lower and lower.
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Asep Kurnia, S.P., M.Eng.

IAERI Pati

51

Wahyu Purbalisa, S.P.

IAERI Pati

52

Cicik Oktasari H., S.Si

IAERI Pati

53

Eman Sulaeman, S.P., M.Si

IAERI Pati

54

Ummi Mardiyah, S.TP.

IAERI Pati

55

Sukur Basuki

IAERI Pati

56

Sudarmin

IAERI Pati

57

Aditya Giri, S.H.

IAERI Pati

58

Purwanto

IAERI Pati

59

Suryani

IAERI Pati

60

Zaenal Hendro N.

IAERI Pati

61

Agus Marjuki

IAERI Pati

62
63
64

Laela Rahmi
Arif Surahman
Bambang Hendro S.

ICALRRD Bogor
Set. of IAARD
UGM Yogyakarta
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65

Eko Haryono

66

Sri Purwestri

UGM Yogyakarta
IAERI Pati

67

Sudarto

IAERI Pati

68
69
70
71
72
73
74
75
76
77
78

Afrilia Tri Widyawati
Ahmad Suriadi
Ana Nurhasanah
Anandeya Satrio Sambodo
Anis Fahri
Arif Anshori
Arlyna B. Pustika
Ayda Krisnawati
Budiastuti Kurniasih
Christina Astri Wirasti
Damasus Riyanto

79

Dimas P. Oktaviant

AIAT Kaltim
AIAT NTB
ICAERD Serpong
PT. Indo Acidatama
AIAT Riau
AIAT Yogyakarta
AIAT Yogyakarta
ILTCRI Malang
UGM Yogyakarta
AIAT Yogyakarta
AIAT Yogyakarta
UNDIP Semarang

80

Egadewi Pancawati

UNDIP Semarang

81
82
83

Elita R. Widjaya
Danarsi D.
Evy Pujiastuti

84

Gusmailina

85

Hagni Aratri

86
87
88
89
90
91
92
93
94
95
96
97

Heni Purwaningsih
Ida Nur Istina
Intan Gilang Cempaka
Jonri Suhendra Sitompul
Jumakir
Kiki Yolanda
Laksmita Prima Santi
Lia Hediawati
Lutfi Izhar
M. Muchlish Adie
Mega Putri Surya Maya Rina
Martina S. Lestari

98

Murniati

ICAERD Serpong
AIAT Lampung
AIAT Yogyakarta
Ministry of Environment and
Forestry
Pest and Disease Observation
Laboratoty
AIAT Yogyakarta
AIAT Riau
AIAT Jateng
AIAT Kepri
AIAT Jambi
AIAT Yogyakarta
IRIBB Bogor
AIAT NTB
AIAT Jambi
ILTCRI Malang
UNDIP Semarang
AIAT Papua
Ministry of Environment and
Forestry
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99
100
101
102
103
104
105
106
107
108
109

Nila Wardani
Noor Hudhia Krishna
Nurdeana Cahyaningrum
Rathi Frima Zona
Ratri Tri Hapsari
Ridha Nurlaily
Riyanto J
Rizqi Sari Anggraini
Rusli Burhansyah
Salwati
Erliana N.

110

Sri Komarayati

111
112
113
114
115
116
117
118
119

Srie Juli Rachmawatie
Suci Primilestari
Sufardi
Sugeng Widodo
Supriyo A.
Tian Mulyaqin
Viktor Siagian
Wawan Wawan
Widihastuty

120

Yuliya Mahdalena Hidayat

121
122
123
124
125
126
127
128
129
130
131
132
133
134

Donny Nugroho Kalbuzdi
Tri Rahayu
Budi Winarto
Dwi P. Widiastuti
Maulida A. S.
Dr. Ir. Eny Fuskhah, M.Si
Mardawilis
Mahargono Kabarsih
Reni Yuliana Gultom
Dr. Kazayugi Yagi
Dr. Godefray Grosjean
Prof. Ravendra Naidu
Dr. Bjoern Roepka
Prof. Dr. Ir. Edhi Martono, M.Sc.

AIAT Lampung
BCATRES Grati
AIAT Yogyakarta
AIAT Riau
ILTCRI Malang
AIAT Jateng
UNS Surakarta
AIAT Riau
AIAT Kalbar
AIAT Jambi
AIAT Lampung
Ministry of Environment and
Forestry
Univ. Batik Surakarta
AIAT Jambi
Univ. Syiah Kuala Aceh
AIAT Yogyakarta
AIAT Jateng
AIAT Banten
AIAT Banten
ICABIOGRD Bogor
USU Medan
Minister For Public Works
and Human Settlements
IRIBB Bogor
AIAT Jateng
AIAT Kalbar
ISARI Banjarbaru
UNDIP Semarang
AIAT Riau
AIAT Yogyakarta
ICAERD Serpong
KMUTT, Thailand
CIAT
CSIRO, Australia
CropLife, Asia
UGM Yogyakarta
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Prof. Dr. Gustan Pari

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

Prof. Dr. Ir. Akhmad Fauzi, M.S.
Dr. Ir. Widyatmani Sih Dewi, M.P.
Dr. dr. Suhartono, M.Kes.
Dr. Katharina Oginawati
Agung Kurniawan, S.S Ing
Joni Marsius
Sumarsono
Adi Mulyadi
Suprihanto
Yosephine R. S.
Lin Nuriah Ginoga
Soegiarto S.
Deni Adi Kurniawan
Harwanto
Agus W. Anggar
Yuliantoro D.
Samilatri
Ely Mokhtar
Adriyanto
Valentino Conny
Bambang J.
Novendra Cahyo N.
Dr. Eni Mahawati, M. Kes.

159

Heni Sulistyo

160
161
162
163
164
165
166
167
168
169

Sriyanto
Wieke Mei Dina, S.P., M.Si
Amir, S.P., M.Sc.
Riche Chandrawati
Prasetianingsih
Sutarmi
Ary W.
Sri Manu Rohmiyati
Aida K.
Samanhudi

Ministry of Environment and
Forestry
IPB Bogor
UNS Surakarta
UNDIP Semarang
ITB Bandung
CropLife, Asia
BI Tegal
3GO
PT. SIG
ICRR Sukamandi
PT. Bayer
IPB
PT. Indo Acidatama
PT. Petrokimia Kayaku
AIAT Jateng
ICFORD Bogor
ILTCRI Malang
Agrowisata Amanah
Agrowisata Amanah
Agrowisata Amanah
Dinas LHK Prov. Jateng
Dinas Pertanian, Boyolali
AIAT Maluku Utara
UDINUS Semarang
Dinas Pertanian,
Karanganyar
Bappeda Jateng
BKP Mataram
BKP Yogyakarta
Bappeda Surakarta
DLH Surakarta
DLH surakarta
Koran Sindo
Instiper Yogyakarta
UGM Yogyakarta
UNS Surakarta
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170
171
172
173
174
175
176
177
178
179

Hendy
Rudi Supriyo
Zed Nahdi
Hadi Supriyo
Satoto
M. Musyaffak F.
I Gusti Putu Diva Awatara
Andjawani Putri W.
Muhammad Khoiruman
Ambar Wariati

180

Tjahjono Herawan

181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203

Rr. Rahmi Sri S.
Wawan Sarwanto
Umi Nur Solikah
Savitri
R. Pratiwi A.W.
Cisilia Triwidiyanti
Endang Wisnu
Restu Hidayah
Elly Kurniasih
Andriyana S.
Arma Farida L.
M. K. Zaki
M. Bima Gegana
Rahajeng Putu W.P.
Adhia Azhar Fauzan
Azhar Fatawi
Renita Ratna P.
Hadi Kusuma
Komariah
Herna Octivia D.
Langgeng
I Putu Wardana
Fitri Lestari

UMK Kudus
UMK Kudus
UMK Kudus
UMK Kudus
Dinas Pertanian, Surakarta
AIAT Kalimantan Barat
STIE Adi Unggul
STIE Adi Unggul
STIE Adi Unggul
STIE Adi Unggul
Chemical Engineer/Post
Harvest
PIAT UGM Yogyakarta
PIAT UGM Yogyakarta
UNIBA
Dinas Pertanian DIY
BKP Kls I Semarang
BKP Kls I Semarang
AIAT Jateng
AIAT Jateng
AIAT Jateng
UNS Surakarta
UNS Surakarta
UNS Surakarta
UNS Surakarta
UNS Surakarta
UNS Surakarta
UNS Surakarta
UNS Surakarta
UNS Surakarta
UNS Surakarta
Bappeda Pati
ILTCRI Malang
ICFORD Bogor
AIAT Jateng

PROCEEDING OF INTERNATIONAL WORKSHOP AND SEMINAR
Innovation of Environmental-Friendly Agricultural Technology Supporting Sustainable Food Self-Sufficiency
ISBN 978-602-344-251-5

Rundown Event of
International Workshop and Seminar on
Innovation of Environmental Friendly Agricutural Technology Supporting
Sustainable Food Self-Sufficiency
Monday, September 17, 2018
Time
Activities
18.00-19.00
19.00-22.00

Dinner
Discussion with Invited Speakers

First day (Tuesday, September 18, 2018)
Time
Activities
07.30-08.00
Participant Registration
08.00-08.20

09.05-09.15

Opening Ceremony:
- Singing Indonesia Raya
- Invocation
- Report of Chair Organizing
Committe
Welcome Speech:
The Mayor of Surakarta
Keynote Speech and Opening Remark:
Director General of IAARD
Traditional Gambyong dance
performances
Group Photo Session

09.15-09.30

Coffee break

08.20-08.35
08.35-08.55
08.55-09.05

Plenary Session A: Assesment and Management
09.30-10.00
Behaviour of heavy metals and their to
remediate and avoid agricultural soil
contamination
Prof. Ravi Naidu
Commonwealth Scientific and Industrial
Research Organisation, Australia
10.00-10.30
Pesticides residues in Indonesian
environment : our responsibility
Prof. Dr. Ir. EdhiMartono, M.Sc
GadjahMada University

PIC
Eni Yulianingsih, SP, MP

PIC
Ika Ferry, SP Cs
M. Moulya, S.S
Gries MF, S.Ikom
Sukarjo, S.TP, MP
Dr. Asep N. A, M.Si

FX. Hadi Rudyatmo
Dr. Andi M. Syakir
Suryo Sumirat dance
Likco D.H, A.Md

Moderator:
Prof. Dr. Dedi
Nursyamsi, M.Agr
(ICALRD)
Rapporteur:
Dr. Elizabeth Srihayu
Harsanti (IAERI)
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10.30-11.00

11.00-12.00
12.00-13.00
13.00-14.00

Innovation of environmental friendly
agricultural technology supporting
sustainable food self-sufficiency:
theory
Dr. Bjoern Roepke
CropLife, Asia
Discussion
Lunch break
Environmental risk assessment
toward pesticides management
harmonization: practices
Dr. Bjoern Roepke
CropLife, Asia

Plenary Session B: Strategy and Policy Issue
14.00-14.30
Strategic development of
environmentally friendly agriculture
in respect to climate change
adaptation and mitigation in Japan
Dr. Kazuyuki Yagi
King Mongkut's University of
Technology Thonburi, Thailand
14.30-15.00
Prioritizing climate smart agriculture
interventions to support policymaking
Dr. GodefroyGrosjean
International Center for Tropical
Agriculture, Vietnam
15.00-15.30
Discussion
Incorporating economic valuation into
sustainable agriculture system
15.45-16.15
Prof. Dr. Ir. AkhmadFauzi, M.Sc
Bogor Agriculture University
Strategy and preventing environment
pollution and degradation
16.15-16.45
Prof. Dr. GustanPari, M.Si, B.Sc
Ministry of Environment and Forestry
16.45-17.15
Discussion
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Moderator:
Dr. Yiyi Sulaeman, MSc
(ICALRD)
Rapporteur:
Dr. Elizabeth Srihayu
Harsanti (IAERI)
Moderator:
Prof. Dr. Fahmuddin
Agus, M.Sc (ISRI)
Rapporteur: Ali
Pramono, SP., M.Biotech
(IAERI)

Moderator:
Dr. Asep Nugraha
Ardiwinata, M.Si
(IAERI)
Rapporteur: Ina
Zulaehah, SP. (IAERI)
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Second day (Wednesday, September 19, 2018)
Time
Activities
07.00-07.45

07.45-09.30
09.30-10.30
10.30-14.00
14.00-15.00
15.00-16.30
16.30-17.30

Participants must be ready in front of
Ballroom Alila Hotel at 07.30
Depart to PT. Indo Acidatama
Visit in PT. Indo Acidatama
Depart to Agrowisata Amanah
Visit in Agrowisata Amanah
Depart to Kampung Batik Laweyan
Cultural visit in Kampung Batik
Laweyan
Return to Alila Hotel

Third day (Tuesday, September 20, 2018)
Time
Activities
Plenary Session C: Implementation
08.00-08.30
Maternal and child health issues in
agricultural areas in Brebes : impact of
pesticide use?
Dr. dr. Suhartono, M.Kes
Diponegoro University
08.30-09.00
Implementation of agro-technology to
support sustainable food selfsufficiency
Dr. Ir. WidyatmaniSihDewi, M.S
SebelasMaret University
09.00-09.45
Discussion
Paralel session
10.00-11.30
Room A (Land management) :
A1-A7**
Room B (Pesticides residues) :
B1-B7**
Room C (Adaptive dan mitigation) :
C1-C7**
Room D (Sustainable agriculture) :
D1-D7**
11.30-13.30
Lunch and Poster session
Room A (Land management) :
A8-A12**

PIC
Titi S, Suharsih,
Suryanto

PIC
Moderator:
Dr. Oginawati (BIT)
Rapporteur:
Sukarjo, S.TP, MP
(IAERI)

Dr. Popi/Ika
Dr. Markus/Ina
Dr. Helena/Ali
Dr. Neneng/Eman

Dr. Popi/Ika
Dr. Markus/Ina
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14.45-15.00
16.00-16.30

Room B (Pesticides residues) :
B8-B12**
Room C (Adaptive dan mitigation) :
C8-C12**
Room D (Sustainable agriculture) :
D8-D12**
Room A (Land management) :
A13-A15**
Room B (Pesticides residues) :
B13-B15**
Room C (Adaptive dan mitigation) :
C13-C15**
Room D (Sustainable agriculture) :
D13-D15**
Coffee break
Closing Ceremony
Resume
Closing Remark
Director of ICALRD

496

Dr. Helena/Ali
Dr. Neneng/Eman

Dr. Popi/Ika
Dr. Markus/Ina
Dr. Helena/Ali
Dr.Neneng/Eman

MC: Muhammad
Moulya, S.S
Dr. Elizabeth Srihayu
Harsanti (IAERI)
Prof. Dr.
DediNursyamsi, M.Agr
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