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Preface

Over the past decades, rapid growth of global economic has lifted millions of people out
of poverty. In line with rising population, rapid urbanization, and industrialization, it has
also led to increase consumption of resources and generate of waste almost beyond the
limits of the ecological carrying capacity.

The coming decades will likely witness of the increasing pressures on industries to shift
to more resource-efficient and low-carbon production processes as part of global efforts
to sustain growth, conserve resources and slow down the pace of climate change.
Countries and regions that successfully manage this transition will get a better position
to exploit the opportunities created by the shift towards a low-carbon world economy. It
is green industry's initiation, a pattern of industrial development that is sustainable in
economic, environment and social.

Universitas Pembangunan Nasional "Veteran™ Yogyakarta in conjunction with its global
partners is proud to announce the International Conference on Green Agro-Industry, to
be held on November 11-14, 2013, at Yogyakarta, Indonesia. The basic aim of the
conference is to contribute to the development of highly productive methods and
technologies for the various segments of the agro-industries. This conference is
designed to provide a forum for the presentation, discussion and debate on state-of-the-
art and emerging technologies in the field of agro based industry and any issues related
to sustain the environment.

Finally, we would like to express our gratitude to the Rector UPN “Veteran”,
Yogyakarta for the financial support, the Dean of the Faculty of Agriculture for hosting,
and the Scientific and Steering Committee. We wish to thank the keynote speaker
Director of PT Astra Agro Lestari Tbk and Plenary Speakers: Prof. Sakae Shibusawa
(Tokyo University of Agriculture and Technology, Japan), Prof. Raj. Khosla, Ph.D.
(Colorado State University, USA), Prof. Dr. Nilda Burgos (University of Arkansas,
USA) Ir. Toine Hattink (Director of Department of Horticulture, HAS den Bosch,
Netherlands) Prof. Dr. Endang Gumbira Sa’id (Bogor Agricultural University,
Indonesia) . Nur Iswanto, PhD. (IKAGI, International Society of Sugar Cane
Technologists Councillor), Prof. Wijitapure Wimalaratana. (Department of Economics,
University of Colombo), Prof. Hassan M. EIl Shaer (Desert Research Center, Cairo,
Egypt), Dr. Mofit Eko Poerwanto (UPN “Veteran” Yogyakarta, Indonesia) as well as
participants for their contribution in making the International Conference on Green
Agro-Industry.

We wish to thank PT Astra Agro lestari as the major sponsor and all other sponsors for
their contribution in making this Conference possible. As a Chairperson, | highly
appreciate the great efforts of the members of the organizing committee whose hard
work made this seminar a great success.

Yogyakarta, November 11,2013
Sri Wuryani
Chairperson, ICGAI 2013
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MANAGING GREEN AGRO-INDUSTRY:
ECONOMIC, ENVIRONMENTAL AND SOCIAL CONSIDERATION

Joko Supriyono

General Secretary of Indonesian Palm Qil Association

Email Bandung 27@yahoo.com

ABSTRACT

Increasing global awareness toward the importance of sustainability has triggered green
initiation in various sectors including agro-industries. For many years, agriculture has
played a role as the world’s machine of food production. Intensification and
extensification to produce more food may bring environmental consequences. Green
initiation for food production which consider economic, environmental, and social
aspect is the key to ensure the long lasting food security. Palm oil is the most
importance vegetable oil in the world where Indonesia and Malaysia are the biggest
producers. Green initiation in palm oil industry is an excellent example to learn and
evaluate how the scheme of green industry can be implemented. Indonesia Sustainable
Palm Oil (ISPO) scheme is a green initiation launched by the Government of Indonesia
to ensure that the production of palm oil is resulted from low-carbon, resource-efficien
and zero-waste processess. Our data has far showed that implementation of best
management practicess under ISPO scheme can maintain high extent of biodiversity,
low-carbon cost, and brings benefits for local community. Application of zero-waste
policy has resulted in more carbon saving compared with BAU (business as usual).
During the process, palm cultivation does not only emitt carbon instead of absorbs more
carbon from the atmospher. Establishment of oil palm plantation has created jobs and
increased local income. Implication of these findings toward the establishment of green
palm oil industry are discussed.

Keywords: Palm oil, ISPO, biodiversity, emission, community

INTRODUCTION

Rapid growth of world’s population and global economic, which is followed by rapid
urbanization and industrialization, have led to increased consumption of resources and
generated waste almost beyond the limits of the ecological carrying capacity.
Increasing global awarenes toward the importance of sustainability has triggered
industries to shift to more resource-efficient and low-carbon production processes as
part of global efforts to sustain growth, conserve resources and slow down the pace of
climate change.

In the recent years, the term of “Green Industry” has been globally discussed by many
people from different community, background and country. It is also frequently
associated with the term of “sustainable”. United Nations Industrial Development
Organization (UNIDOQ) has launched the Green Industry initiative in order to provide

ICGALI, Yogyakarta, INDONESIA, November 12-14, 2013 K -1
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the international community, national governments and the private sector with a
platform for fostering the positive role of industry in achieving sustainable development
(Unido 2011). The Green Industry vision grasps the potential for industries to decouple
economic growth and revenues from excessive and increasing resource use and
pollution. It foresees a world where industrial sectors minimize waste in every form,
utilize renewable resources as input materials and fuels, and take every possible
precaution to avoid harming workers, communities, climate, or the environment. Green
industries will be creative and innovative, constantly developing new ways of
improving their economic, environmental and social performance.

In the UNIDO’s scheme, Green Industry promotes sustainable patterns of production
and consumption i.e. patterns that are resource and energy efficient, low-carbon and low
waste, non-polluting and safe, and which produce products that are responsibly
managed throughout their lifecycle. The Green Industry agenda covers the greening of
industries, under which all industries continuously improve their resource productivity
and environmental performance. It also aims to create green industries, that deliver
environmental goods and services in an industrial manner, including, for example,
waste management and recycling services, renewable energy technologies, and
environmental analytical and advisory services. The greening of industries has become a
core determinant of economic competitiveness and sustainable growth. Since resource
inputs represent an important production cost for industries, improving efficiency gives
industries a competitive advantage. The greening of industries also plays a role in
poverty alleviation, through promoting energy security, health and safety, jobs, and
reducing costs through increased productivity (Unido 2011).

In Indonesia, the term of green industry is mostly associated with industrial products
which are friendly to environment. The Government has seriously responsed the
importance of green products for better environment, economic and social performance.
This can be seen from green industry award program launched by The Ministry of
Industry in May 2013 as regulated under the Ministrial Decree  05/M-
IND/PER/1/2011. The award is given every year to industry that has a strong
contribution to national economic development, local community empowerment and
actively involved in maintaining ecosystem sustainability. The ultimate aim of the
program is to trigger industrial sector to be more activelly involved in promoting green
industry.

A. Green Industry in Agricultural Sector: Why Is it important?

Agricultural industries hold a strategic position since they are the key for the fulfillment
of human’s basic needs. For many years, agriculture have played major role in
providing food for more than seven billion world’s population. By 2050, world’s
population is projected to reach 9.3 billion (35% from the current population).
Therefore, agricultural sector has to be enhanced to ensure food availability to feed the
increasing world’s population. In the other hand, some agricultural commodities such
as corn, sunflower, soybean, and palm oil are the source of alternative energy to replace
fossil fuel. It can be expected that intensification and exploitation of natural resources
would be the main activities to meet the target.

Various technologies have been developed to increase the quantity and quality of food.
Unfortunately, during the process, many agricultural activities are capable of
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threatening the ecosystem. At the same time the health of ecosystem is also the key to
ensure long lasting agriculture productivity. Due to this, the sustainability of agriculture
becomes a question for many to seek answers of. Concepts and insights were brought in
to develop agriculture in a sustainable way. In this paper, we discuss about green
industry’s initiation in agricultural sector, a pattern of industrial development that is
sustainable in economic, environment and social.

B. Managing Green Agro-Industry: Case study from Palm Oil Industry

Green initiation in palm oil industry is an excellent example to learn and evaluate how
the scheme of green industry is possible to be implemented. This is true since palm oil
plays major role not only for food security, but also as the most important source for
bio-energy (bio-fuel). World demand toward palm oil is highest compared with other
vegetable oils. The palm oil also becomes the most promising vegetable oil for biofuel
since the productivity is very high with lower size of land required to produce the same
amount oil compared soybean and sunflower oil (see Table 1). Land size for oil palm
plantation only covers 5 % from the total land used for vegetable oil production,
however it contributes about 25,6 % of total vegetable oil production (See Fig 1 and
Fig 2). This makes the palm oil more efficient and cheaper.

11,2 ]

7 growp of Others

wieg of
B Groun dnut B Palm Kem/C PO
B Cotton B Ground nuts
B Sunflower B Sunflower seed
= Rapesesd B Cottonseed
B Soybean OF B Rapessed
u palm Oi B zoybeans

Production Land Usage

140,6 mill ton 243,4 mill ha

Fig. 1. Production and size of land used for cultivation of several vegetable oils (data
extracted from Oilworld 2009).
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Ground  Soybeans Sunflower Rapeseed Palm Qil
nuts seed

Fig. 2. Oil production of five agricultural commodities (ton/ha/year) (data extracted
from oilworld 2009)
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Table 1. Life cyle and land size used for cultivation of five agricultural commodities

Crop Million Ha Cycle
Ground nuts 20.914 3 months
Soybeans 102.399 3 months
Sunflower seed 23.810 8 months

Rapeseed 59.966 1 year
Palm QOil 12.135 25 years

Among 17 vegetable oils, world consumption of palm oil is the biggest by reaching
59% of world consumed vegetable oils followed by soyabean, sunflower and rapeseed
respectivelly (Fig 2). China, European Union, and India were the three major consumers
of palm oil by absorbsing 40% world palm oil import (Fig 2). Vegetable oil
consumption is expected to significantly increase become 234 million ton in 2020 from
179, 181 million ton in 2011 (see Fig 4). This means that about 55 million ton of
vegetable oil should be produced during 9 years to fullfill the need

Since oil palm is only well grown in tropical region, producers mostly coming from
tropical countries. Indonesia is the world’s top producer of palm oil by contributing
47% of world palm oil supply in 2010, followed by Malaysia which contributed about
37% (see Fig 3). Palm Oil Industry in Indonesia is not only important for economic
development, but it is also important for poverty alleviation. It is true since about
22,79% of Indonesian people live under poor threshold. Palm oil industry offers a
glimmer of hope for Indonesian people to live better with better lifelihood.

South Korea

Canada
" Others China, PR
MNigeria 21% 20%
1%
Malaysia—-—-—-—? EU
2% Japan / 19%
2%
Pakistan. 4 .
29 Indonesia india usa
11% | |%%

Fig. 2. Proportion of world import of 17 vegetable oils 2010 (left) and palm oil
importers (right) (data extracted from Indonesian palm oil statistics 2010).

C. Government Regulations to Support Green Palm Oil Industry

The development of palm oil industries in Indonesia is regulated by Government
regulations which mostly support the spirit, concept and phylosophy of Green Industry.
This means that The Government has carefully considered the importance of
sustainability and the essence of green concept. Below are some examples of how
government has placed subtantial foundation for oil palm plantation development.
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Fig 3. World major producers of palm oil in 2010 (data extracted from Indonesian palm
oil statistics 2010)
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D. Land Transformation for Oil Palm and Deforestation

In Indonesia, approximatelly 70% of total land is for forest area and the rest is used for
non forest area. Establishment of oil palm plantation could only be happened in non
forest area (APL) since forest area is only used for forest protection and biodiversity
conservation. (See Undang-Undang Nomor 18 Tahun 2004 tentang Perkebunan;
Keputusan Menteri Pertanian Nomor 357/Kpts/HK.350/2002 Tentang Pedoman
Perizinan Usaha Perkebunan; Keputusan Menteri Kehutanan dan Perkebunan Nomor
891/kpts-11/1999 tentang Penunjukan Kawasan Hutan dan Perairan; Undang-Undang
Nomor 41 Tahun 1999 tentang Kehutanan; Undang-Undang Nomor 26 Tahun 2007
tentang Penataan Ruang; Undang-undang Nomor 5 Tahun 1960 tentang Peraturan
Dasar Pokok-Pokok Agraria; PP No 10 Thn 2010 tentang tata cara perubahan
peruntukan dan fungsi kawasan hutan; Keputusan Menteri Kehutanan dan Perkebunan
No 376/kpts-ii/1998 tentang kriteria penyediaan areal hutan untuk perkebunan
budidaya kelapa sawit
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Unfortunatelly, expansion of oil palm plantation is frequently judged as the main
cause of deforestation (Koh & Wilcove 2007; Koh 2008; Yaap et. al 2010; Koh et al.
2011; Foster et al. 2011). Since oil palm plantation in Indonesia only used about 9,2
million ha or approximatelly less than 5% of total land in Indonesia (see Table 2), this is
not possible to judge oil palm development responsible for massive deforestation.
Based on landsat image analysis between 1990 and 2010, showed that the establishment
of oil palm plantation in Indonesia was mostly from non forested area, and only 3% of
forested area transformed into oil palm plantation (Gunarso et al. 2012). This fact
shows that the development of oil palm plantation is not substantially related to massive
deforestation as reported in many publications.

Table 2. Landuse distribution in Indonesia
(data extracted from Ditjend Planology 2011)

Land Use Ha %
Conservation Forest 21.780.626,14 115
Protected Forest 30.539.822,36 16,1
Limited Production Forest 27.967.604,50 14,7
Production Forest 30.810.790,34 16,2
Convertible Production Forest 17.924.534,81 9,5
Total Forest Area 129.023.378,15 68,0
Area Penggunaan Lain (APL) (non

forest area) 60.613.324,85 32,0
Total Land Area 189.636.703,00

Total Plantation 20.530.404 10,8
Total Oil Palm plantation (2011) 9.230.072 4,87

E. Best Practices in Oil Palm Management Related to Environment Quality

Oil palm plantation has to be managed under the direction of Government regulation.
Land clearing has to be conducted with minimum risk to land fire by appliying zero
burning policy as regulated under PP No 4 Thn 2001 tentang pengendalian kerusakan
dan atau pencemaran lingkungan hidup yang berkaitan dengan kebakaran hutan dan
lahan. Every single company has to develop program related to environment protection
and management which cover several steps including planing, utilization, control,
maintainance, surveilance, and law enforcement as regulated by UU No 32 thn 2009
tentang perlindungan dan pengelolaan lingkungan hidup. In this scheme, liquid waste,
air and water pollution resulted during the process would be the main concern and
should be carefully managed to minimize environmental impact and maintain better
environment quality.
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F. Biodiversity Conservation: What the Data Say?

Biodiversity conservation in Indonesia is regulated by law. It can be seen from various
government regulations regulating how biodiversity has to be managed and conserved
(See Undang-Undang Nomor 5 Tahun 1990 tentang Konservasi Sumberdaya Alam
Hayati dan Ekosistemnya; Undang-Undang Nomor 5 Tahun 1994 tentang ratifikasi
United Nations Convention on Biological Diversity; Undang-undang Nomor 23 tahun
1997; Peraturan Pemerintah Nomor 7 Tahun 1999 tentang Perlindungan Jenis
Tumbuhan dan Satwa Liar;).

Unfortunatelly, establishment of oil palm plantation is frequently related to biodiversity
loss (Koh & Wilcove 2007; Koh 2008; Yaap et. al 2010; Koh et al. 2011; Foster et al.
2011). In many studies, oil palm plantations are frequently seen as a single habitat with
uniform tree species and shape, which have a much less complex structure (see Yaap et
al. 2010), but not seen as a landscape which contain various habitat types. In fact, many
oil palm consessions in Indonesia, contain patches of natural habitats that could be a
home for many endangered species. This is true since remaining natural habitats such
as swamp, karst, riparian, mangrove etc are frequently still remain in the consession,
and not converted become oil palm plantation. Some forest species may interact with
oil palm plantation and vise versa.

A study conducted in oil palm plantation in Central Kalimantan showed that many
forest bird species interact with oil palm plantation. This study evaluated the interaction
of birds among secondary forest, swamp forest and oil palm plantation. The two-
dimensional scaling plot based on Sgrensen indices comparing samples of individual
point counts from the three different habitat types indicates, that there is a spatial
species turnover among three different habitats (see Fig 4). Based on this MDS
(multidimensional scalling), it can be seen that some forest species interact with oil
palm plantations, and some of which remain in the natural habitats.

In that case, oil palm companies could play an active role in promoting environmentally
friendly oil palm management. In fact many oil palm plantations have successfully
developed conservation program that is capable of maintaining high extent of
biodiversity under their consession (See Table 3). A study conducted in oil palm
landscape in East Kalimantan identified that there are six hornbill species inhabiting the
oil palm landscape from eight hornbill species that have ever been reported to exist in
Kalimantan (see Table 4). This study has shown that implementation of sustainable
management has successfully maintained ecosystem quality.

Table 3. Biodiversity profile from five oil palm plantations

Consession Location Conservation Biodiversity Profile

area (ha) Tree Mamals Bird
Species

Consession A Central Kalimantan 699,9 123 15 190

Consession B East Kalimantan 1406 117 29 120

Consession C  East Kalimantan 2017 154 44 128

ConsessionD  Riau 62,66 73 7 56

Consession E -~ West Sulawesi 258 108 4 63

ICGALI, Yogyakarta, INDONESIA, November 12-14, 2013 K -7



1.0

Joko Supriyono

0.8 |

0.6}

0.4}

0.2}

0.0

0.2+

04}

Dimension 2

0.6

0.8}

1.0 b

1.2+

1.4t

-1.6

N |
\\\\é\\%m ]

-1.4

-1.2 -10 08 -06 -04 02 00 02 04 06 08 10 12 14 16

Dimension 1

Fig 4. Two-dimensional scaling plot based on Soerensen indices for measuring
similarity of species composition between single sampling sites. Connecting
lines indicates defined groups of habitats. (Secondary Forest = ScF 01-09;
Secondary Swamp Forest = SwF 01-06; Oil Palm Plantation = OP 01-06)

Table 4. Sex ratio and encounter probability of hornbill community inhabiting oil palm
landscape in Consession C, East Kalimantan

Range of Highest number
Observed Encounter of individual Sex

Spesies Plots probability encountered Ratio

in one plot Female
B. rhinoceros 60 6,7-20 % 21 0,41
A. Albirostris 60 21,67-30 % 15 0,33
A. malayanus 60 20-28,3% 12 0,39
A. corrugatus 60 8,3-18,3% 10 0,48
R. vigil 60 5-8,3% 4 0,42
A. undulatus 60 0-83% 16 0,31

G. Green House Gas (GHG) Emission: Between Rumor and Fact

In many electronic media, palm oil industries are frequently judged as main contributor

of carbon emission. However,

based on case study from 12 oil palm companies,

indicates that carbon emision is lower compared carbon sequestration. The average of
carbon emission from 12 plantations was found to be 0,63 ton CO,/ton cpo-pko

product/year or 6,65 ton CO,/Halyear.

Since palm oil industry is biomass-based
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industry, it does not only emit carbon instead of absorbing more carbon from the
atmosphere during the process of cultivation in average about 30,28 ton CO,/Halyear
(unpublished). The source of emission during the production process is coming from
three components: (1) fosil fuel combustion, (2) agrochemicals (3) palm oil mill effluent
(POME). POME is the highest source of emission by contributing more than 83%
carbon emission from palm oil production. GHG mitigation is also supported by
Government Regulation as it is expressed in Presidential Decree No 61 Thn 2011,
National Action Planning on Green House Gass Emission Reduction.

H. Zero Waste Policy and Energy-Efficient

Zero waste policy is applied to minimize environment impact. Liquid waste is used for
land application or organic fertilizer as part of compost ingredient. Fiber and shell are
used for fuel to replace fossil fuel. Since fiber and shell are the result of carbon
absorbtion, therefore carbon emitted from the combustion is not included in the carbon
calculation or equivalent to zero. A case study from 12 plantations, utilization of fiber
and shell to replace fossil fuel as business as usual (BAU) has resulted in saving
emision about 508,53 ton CO,4/year in average (See Table 5). Application of zero
waste policy has brought palm oil industry to become industry with more energy-
efficient and low-carbon cost.

Table 5. Emission saving from the replacement of fosil fuel (business as usual) by fiber

and shell
Conses Flrzerl;rcsehfe(:lsu"sigglto Fossil fuel usage Emision Saving
sion. P (ton) as BAU (L) (ton COy-eq/year)
1 A 48,362 430,980 411.97
2 B 312,644 373,314 356.85
3 C 168,828 285,681 273.08
4 D 191,195 851,224 813.68
5 E 123,579 212,307 202.94
6 F 124,694 1,295,289 1,238.15
7 G 195,938 158,476 151.49
8 H 209,084 685,147 654.93
9 I 127,562 370,432 354.09
10 J 151,237 958,127 915.86
11 K 198,328 399,271 381.66
12 L 94,416 363,658 347.62

I. Palm Oil Industry and Community Welfare

Increasing growth of palm oil industries has brought benefits for local community by
creating jobs for more than 2,8 million families or more than 5 million people in the
field. From all people working in plantations, about 57% of them working in
plantations owned by smallholder (See Fig 5). The benefits are not limited to the
amount of income earned, but some facilities including water, electricity, housing,
schools, and children care are provided for not only the worker but their families
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included. The number of people benefited from the plantation will be bigger through
multiplier effects (benefits not directly linked with palm oil industry).

Private
1.050.982

Smallholder
1.635.386

Fig. 5. Number of people working for plantation as main lifelihood

The Government has also supported local community through plasma-nucleus scheme,
where local community is involved to manage about 20% of the plantation, and about 2
ha will be given to participating single family. The participating company has provided
asisstance and trainings for participating families. Another scheme is local partnership
voluntary developed by some companies with local independent smallholders where the
program is implemented in their own land. The program is established to double the
positive impact of plantation development toward local community. Both programs
have successfully helped local community to raise their income (See Fig 6 and Fig 7).
The partnership program does not only provide the capital for local community, but also
assists them to manage their plantation in a better way. Result indicated that monthly
income of joining farmers increased by year to year (Fig 7).

9,000,000 -
8,000,000 -
7,000,000 -
6,000,000 -
5,000,000 - Pendapatan per
4,000,000 - Blm (Rp)
3,000,000 - Poverty Line
2,000,000 - (Rp/Bln)
1,000,000 -

2008 2009 2010 2011 2012

Fig 6. Montly income earned by plasma farmers . The common international poverty
line / poverty threshold ($1,25 a day) or IDR 400.000 /month. Indonesia poverty
line / poverty threshold IDR 248.000 /month (year 2012)
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Fig 7. Montly income of farmer joining the partnership program.

J. Indonesian Sustainable Palm Oil Scheme

Sustainable issue of palm oil production has been discussed in the last 10 years.
Officially the Goverment of Indonesia has launched Indonesian Sustainable Palm Qil
(ISPO) system in 2011 as a policy adopted by the Ministry of Agriculture with the aim
to improve the competitiveness of the Indonesian palm oil at the global market and
contribute to the objective set by the President of the Republic of Indonesia to reduce
greenhouse gases emissions and draw attention to environmental issues.

The system is regulated under Ministrial Decree No 19/Permentan/OT.140/3/2011.
The ISPO scheme represents all system in Indonesia as regulated in various
government regulations. In the other word, ISPO scheme is a compilation of all related
government regulations. Every single company has to follow the scheme and the
certificate would only be given for company who has fulfilled 100% principles and
criteria under ISPO scheme. The ISPO scheeme is comprehensive system by evaluating
and reviewing overal aspects of palm oil production process including legal aspects of
consession, best management system (labour, cultivation, etc), and corporate social
responsibility and environment/ecosystem management. There are seven priciples, 41
criteria, and 127 indicators required to be fulfilled by company to get certified (See
ISPO scheme under Ministrial Decree). The seven principles need to be met by
proposing company are:

1. Consession permit and estate management

2. Implementation of the Guidance for Cultivation Techique and palm oil
manufacture

Environment Management and Monitoring

Labour Responsibility

Social and Community Responsibility

Empowerment of local economic

Improvement of Sustainable Bussiness.

No ok ow
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CONCLUSION

Substantially, Government of Indonesia has designed green system in every aspects of
development especially for agriculture as it is expressed in various Government
regulations. Implementation of green industry concept in palm oil industry is a good
example to be learned since it holds a strategic role for food security, poverty
alleviation, and economic development. At the same time, since palm oil production
needs large scale land for cultivation, possible environment and social impact should be
carefully managed. The ISPO scheme is the green system launched by the Government
of Indonesia represent the substance of all related regulations. Implementation of ISPO
would be the key as a green scheme to ensure the sustainability of palm oil production,
ecosystem health and local community welfare.
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ABSTRACT

Green agro-industry is a crucial aspect of sustainable agriculture, which entails the use
of eco-friendly pesticides. The green chemistry movement, initiated in North America
and Europe and now also in a few developing countries, is expected to contribute
significantly toward sustainable agro-industry. The agrichemical industry is producing
synthetic pesticides that are less risky for the environment and non-target organisms not
only to comply with stricter regulatory requirements, but also to be better stewards of
our ecology and natural resources. The recent generation of pesticides is deemed more
environmentally friendly than older chemistries. Naturally-derived pesticide choices for
organic food production is also expanding, albeit slowly. The rapidly expanding
knowledge base on plant genomics and gene function is showing great promise in
helping us move toward ‘green agriculture’. Gene silencing technology could produce
insect- and disease-resistant plants and could combat herbicide-resistant weeds. There
are great possibilities in the horizon for eco-friendly agrochemical tools.

WHAT IS GREEN TECHNOLOGY?

Green technology evokes images of pristine waters, clean air, productive soils, and lush
vegetation. Green technology is a dynamic process that aims to achieve all these, by
generating technologies that are least impactful and most regenerative to natural
resources, organisms and environment in general. It encompasses sustainability, source
reduction, innovation, and viability (http://www.green-technology.org/).  Defined
broadly, sustainability is the practice of harnessing resources today in a way that allows
the same resources to be available to future generations. Sustainable development is
development that meets the needs of the present without compromising the ability of
future generations to meet their own needs (The UN Burndtland Commission, 1987).
With respect to agriculture, this means producing enough food and fiber without
depleting and polluting water resources, denuding forests, degrading and eroding soils,
nor eliminating biodiversity. Embedded in the pursuit and practice of sustainable
agriculture is the harmonization of the environment, social equity, and economic
demands (UN, 2005; Adams 2006). Achieving this entails the integration of many
aspects including waste minimization; developing new technologies that reduce our
reliance on non-renewable fossil fuels, which powers agricultural mechanization; and
technologies that produce less toxic agricultural chemicals. Sustainability entails
practices to be viable in the long term with respect to economics and societal and
environmental impact. Globally, the most critical issue that green technology addresses
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is the efficient and viable generation of renewable energy. One aspect, which is of
utmost significance to agriculture, is green chemistry. Large-scale food production
requires pesticides, or chemicals that can kill disease-causing organisms, insect pests,
and weedy plants. The world clamors for green agriculture. Green agriculture needs
green pesticides. To date, many synthetic agriculture pesticides have favorable
environmental profiles because of stricter registration criteria.

‘GREENING’ AGRICULTURE THROUGH GREEN CHEMISTRY

The US Environmental Protection Agency (US EPA) has launched a Green Chemistry
Program (www.epa.gov/greenchemistry/), also equated to sustainable chemistry, in the
early 1990s. The US EPA defines it as the design of chemical products and processes
that reduce or eliminate the use or generation of hazardous substances (Anastas and
Warner 2000). The goal is to use chemical products without causing pollution. Green
chemistry abides by twelve basic principles among which are: waste prevention and
minimization, design of safer chemical syntheses process, design of less toxic chemicals
and use of safer solvents, increasing energy efficiency, and use of renewable feedstocks,
among others (Anastas and Warner 2000). In 2011, it was forecasted that the chemical
industry will save $65.5 billion by 2020 through developments in green chemistry and
that green chemistry will create market opportunities approaching $100 billion
(www.navigantresearch.com/). Many countries around the world now have green
chemistry programs. The practice of green chemistry principally revolves around
technological applications related to phytoremediation, waste water treatment, analytical
tools, medical applications, nanotechnology applications, and development of
alternative energy sources among others (Su et al. 2014; Zaidi et al. 2014). Although
agricultural applications are less dramatic in scale, this global awareness and
government support for green chemistry bodes well for the greening of agriculture.
Because green chemistry espouses the production of less toxic compounds, this means
that both the government and industry are working toward synthesis of safer pesticidal
compounds and safer pesticide formulations.

LOW-RISK PESTICIDES

The use of pesticides carries a certain level of risk either to organisms and/or the
environment. Risk can be immediate or can be discerned only over the long term.
Immediate risk is easier to assess and is a preliminary determinant of toxicity or risk
categorization while long-term risk is not yet known. Toxicity to humans and other
terrestrial organisms, toxicity to aquatic life, mobility in soil or air, and persistence are
major variables in risk assessment. The risk level is a product of pesticide toxicity and
duration of exposure. The relative risk of a small subset of pesticides commonly used
today is shown in Table 1. Of these, the only pesticide deemed not to carry any risk is
Bacillus subtillis (for disease control), based on the variables mentioned previously.
Insecticides with neem extract as active ingredient (biopesticide) do not have any risk
for movement or persistence in soil, but are rated to carry intermediate risk to birds and
bees and low-level risk to aquatic life and humans. In the US, minimume-risk pesticides
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are exempt from registration with the EPA. Insecticides generally carry higher level of
risk compared with fungicides and herbicides. For example, the synthetic herbicides
fluazifop and glyphosate are classified as low-risk pesticides. The US EPA is
implementing stricter pesticide regulations for registration such that old compounds that
do not meet current registration criteria are no longer commercialized. Thus, pesticides
today are generally more environmentally friendly.

BENEFITS OF GREEN CHEMISTRY

Foremost is the anticipated reduction of pollutants, resulting in cleaner air and water
(www.epa.gov/greenchemistry/). This would result from the minimization of input
materials, efficient and less toxic manufacturing processes, minimization of waste, and
production of chemicals that are not toxic to animals and do not persist in the
environment. Exposure of workers to hazardous materials will be reduced and society
will enjoy safer food. Pesticides would have minimal or no impact on the environment.
Green chemistry will also boost the economy because of increased efficiency in
manufacturing, increased throughput, improved sales, elimination of expensive clean-up
or remediation processes, and reduced reliance on nonrenewable petroleum products.

ORGANIC ALTERNATIVES: ARE THEY ALL ‘GREEN’?

To be considered as an organic alternative in the USA, a pesticide must be approved
first by the Organic Material Review Institute (OMRI). The review institute is a
nonprofit organization that determines which input products are allowed for use in
organic production and processing. The USDA National Organic Program regulates that
only OMRI-approved products can be used by certified organic food growers. Several
compounds are approved (www.omri.org), including some biopesticides. For this paper,
biopesticide refers to pesticidal compounds derived from naturally occurring substances
in microbes, plants, or genetically engineered plant protectants such as the Bt toxin
expressed in insect-resistant crops. To date, the list includes about 260 fertilizer
products, 150 insecticidal formulations, 40 fungicides, and 71 herbicides. Fertilizers
include leguminous and various plant materials, guano, fish components, bones, chicken
litter, and others. Insecticides include various products containing soap (the majority),
sulfur- and copper-based formulations, Bt-based products, Neem oil/extracts, and
limonene. Fungicides also include copper- sulfur- and neem(or other plant) extract- and
soap-containing products, which control both insects and diseases; microbial products;
hydrogen peroxide; sodium carbonate peroxyhydrate; potassium bicarbonate; potassium
silicate; peracetic acid; fermentation products, and trichoderma. Herbicidal products
contain either limonene, soap, boric acid, ferric/ferrous materials, citric acid, clove oil,
copper sulfate, or non synthetic herbicidal compounds. It should be noted that some of
these organic pesticides such as copper-based products
(http://pmep.cce.cornell.edu/profiles/extoxnet/carbaryl-dicrotophos/copper-sulfate-

ext.html) carry high phytotoxic risk to organisms or, could accumulate in soils with
detrimental effects. Other products such as peracetic acid (http://toxnet.nlm.nih.gov/cgi-
bin/sis/search/a?dbs+hsdb: @term+@DOCNO+1106), and sodium carbonate
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peroxyhydrate
(http://dnr.wi.gov/lakes/plants/factsheets/SodiumCarbonatePeroxyhdrateFactsheet.pdf)
have not been thoroughly studied with respect to concentrations used for pest control
nor tested at these levels for side-effects animals and humans.

Organically approved herbicidal products are generally non-selective, without residual
activity in soil (postemergence activity only),less effective than synthetic herbicidal
compounds, and applied at high spray volumes such as indicated in a limonene-based
formulation (http://www.norganics.com/label/GMSpecimenLabel.pdf). These products
can be used only prior to planting the crop, or directed to the crop base (postemergence-
directed) to avoid crop injury. Natural toxins (allelochemicals) from plants or microbes
are good candidates for commercial biopesticide formulations because these could be
broad spectrum, although obtaining a herbicidal compound with soil activity would be a
rare possibility. Although not classified as ‘organic’ pesticides, glufosinate (from
microbe), mesotrione (from plant), azoxystrobin (from fungus) are examples of
pesticides derived from natural sources and then commercially synthesized. To obtain
an ‘organic’ label, a pesticide must still be naturally produced, such as being purified
from microbial cultures. One example of this is the natural toxin, ophiobolin A derived
from cultures of Helminthosporium gramineum Rabenh (Duan et al. 2006; Zhang et al.
2007). Ophiobolin A is both fungicidal and herbicidal. In field testing, it controls the
causal agent for rice sheath blight, Rhizoctoniasolani (Duan et al. 2006). A 2.5%
mixture of the crude toxin reduced fresh biomass of Echinochloa crus-galli about 75%
in the field. It also shows activity on other rice weeds including monochoria
(Monochoriavaginalis), false loosestrife  (Ludwigiaprostrata), Indian rotala
(Rotalaindica), and sedge (Cyperusdifformis) (Zhang et al. 2007). Ophiobolin A is not
toxic to brassica, corn, cotton, rice, and wheat (Zhang et al. 2007). Preliminary field
studies show compatibility of ophiobolin A with rice herbicides (Liuging Yu, Weed
Scientist, China National Rice Research Institute, pers. communication) which allows
for further broadening of weed control spectrum and increasing overall weed control
efficacy. However, before this compound gains registration approval, it also must pass
regulatory requirements to define its potential impact on non-target organisms
(including humans) and the environment. Many allele chemicals cannot pass the
regulatory criteria.

There are few effective bioherbicides. One example is Collego® (recent trade name,
LockDown™), which was developed by researchers at the University of Arkansas-
Fayetteville, USA in the early 1980s in collaboration with Upjohn Company (Tebeest
and Templeton 1985). COLLEGO® is used to manage northern joint vetch,
Aeschynomen evirginica (L.). B.S.P. a leguminous weed in rice and soybean crops in
the US mid-south - Arkansas, Mississippi, and Louisiana. It is a formulation of fungal
spores of Colletotrichum gloeosporioides [Penz.] Sacc.f. spp. aeschynomene
(Coelomycetes). COLLEGO® is a wettable powder of dried spores soldin three
components: (1) the spore powder, (2) a hydrating liquid, and (3) activated charcoal to
clean spray tanks. The fungal spore suspension is sprayed in rice fields by ground or
aerial applicators, preferably when foliage is moist or humidity is high.The fungus
causes anthracnose disease that can kill both seedling and mature A. virginica plants. It
is generally >90% effective. A major limitation of this type of technology, which limits
its market share, is its specificity — it can control only one species. The same could be
said about other biocontrol agents such as the application of fungal spores of Alternaria
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sp. to control another rice weed Sphenocleazeylanica (Mabbayad and Watson 2007), or
using insects to control a weedy species (Gayton and Miller 2012; Kok, 2001).

Thus, there are tradeoffs that growers have to consider. Overall, there are OMRI-
approved chemical alternatives for insect and disease control that are as effective as the
synthetic standards, but there is a dearth of more effective/broad-spectrum OMRI-
approved herbicides. Although current organic alternatives for weed control are
generally not as effective as synthetic herbicides, these alternatives offer relief to
otherwise labor-intensive and costly mechanical- or hand-weeding.

THE IR-4 BIOPESTICIDES AND ORGANIC SUPPORT PROGRAM

The US-based, IR-4 Project facilitates registration of biopesticides for specialty crops
and minor uses (http://ir4.rutgers.edu/biopesticides.html) in collaboration with the US
EPA. Although not many compounds arrive at this stage, there have been some notable
achievements. One is the registration of a biofungicide derived from giant knotweed
(Reynoutriasachalinensis) in 2005 under the trade name Milsana®. It is as effective as
synthetic fungicide products on the same disease spectrum infecting a wide array of
crops including citrus, vegetables, leafy greens, tree fruits, grape vines, nuts and
ornamentals. This biofungicide is now marketed by Marrone Bioinnovations, Inc. under
the trade name Regalia® and is awarded the ‘Best New Biopesticide’ in 2010.
Information  about  other  biopesticides are available in the IR-4
(http://ir4.rutgers.edu/Biopesticides/L abelDatabase/biopesticides2.cfm).

It is generally believed that food crops produced only with biopesticides are risk-free.
This is not always true. Unless the biopesticide has been tested for their potential impact
to humans and the environment, we cannot say for certain that such compound is risk-
free. In fact, the use of sulfur-based products to control diseases carries some risk to
humans and aquatic life (Table 1). The same is true for the natural insecticide
containing Bacillus thuringensis (Bt) or neem extract and the organically approved
herbicide acetic acid.

GENE SILENCING PESTICIDES

Recent advances in science and technology have made possible the development of a
novel pest control (disease, insect, weed) technology, through applications of the gene
silencing phenomena. Gene-silencing pesticide targets a specific pest species, without
harming others (Baum et al. 2007; Huang et al. 2006; Mao et al. 2007; Qu et al. 2007).
Gene silencing is one of the outcomes of epigenetic processes of gene regulation, when
the message coded for by RNA is not translated to a protein. Silencing could occur
during (Park et al. 1996) or after protein transcription (Lindbo et al. 1993; Napoli et al.
1990). Post-transcriptional, sequence-specific gene silencing is triggered by double-
stranded RNA (dsRNA), which destroys mRNA in a process commonly known as RNA
interference, or RNAI (Baulcombe 2004, 2005; Hannon 2002). In the presence of
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dsRNA and a Dicer enzyme, small RNAs [microRNA (miRNA), small interfering RNA
(sSiRNA)] are produced. The mechanism of RNA interference was first elucidated by
Fire et al. (1998). Soon it was learned that small RNA molecules can bind to mRNA and
can prevent protein production (Hammond et al. 2000).Pest control applications of
gene-silencing technology include feeding a target insect pest (e.g. Diabrotica virgifera,
western corn rootworm) with dsRNA, resulting in larval stunting and mortality; or
genetically engineering plants to express pest-specific dSRNA to reduce insect or
disease infestation (Baum et al. 2007). Silencing a cytochrome P450 gene (CYP6AE14),
which allows Helicoverpa armigera (cotton bollworm) to detoxify gossypol from
ingested cotton tissue, by feeding the bollworm with cotton tissue expressing dsSRNA
specific to CYPB6AE14, drastically reduced transcript levels of CYP6AE14 and reduced
larval growth (Mao et al. 2007). The efficacy of ingesting dsRNA on silencing a
specific gene in a pest was first discovered with nematodes (Caenorhabditi selegans)
(Timmons and Fire 1998). Similarly, Huang et al. (2006) demonstrated that genetically
engineering Arabidopsis thaliana to express dsSRNA of a root knot nematode parasitism
gene, 16D10, silenced the parasitism gene and conferred broad resistance to four major
root know nematode species. This type of wide range resistance is not naturally found in
crop plants. The same principle has been used to confer plant resistance to viral
infection (Qu et al. 2007).

A novel application of the gene silencing technology is reversal of resistance to
pesticides. To combat glyphosate-resistant weeds, Monsanto has developed
BioDIRECT™ technology. This involves spraying plants with a mixture of dsRNA
specific to the glyphosate target gene, EPSPS (5-enolpyruvylshikimate-3-phosphate
synthase)

(http://www.monsanto.com/products/pages/biodirect-ag-biologicals.aspx). Field testing
of this technology was first conducted in the USA in 2011 and demonstrated that
glyphosate-resistant Amaranthus palmeri (Palmer amaranth) became sensitive to
glyphosate when topically treated with EPSPS-specific dsRNA (D. Sammons,
Monsanto Co., personal communication).

The debate is on whether gene silencing pesticides are eco-friendly or, or minimum-risk
tools for green agro-industry. Off-target effects are possible due to partial homology of
miRNAto other genetic regions, causing cleavage of mRNA (Bartel 2004). Because this
is a relatively new field of science, little is known about the stability and off-target
effects of gene silencing.
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Table 1.Toxicological comparison of selected pesticides.
Adapted from Product Toxicity Comparisons.? Accessible at
http://www.austintexas.gov/sites/default/files/files/Watershed/growgreen/products.pdf

Pest Active ingredient ~ Human toxicity ~ Aquatic birds, Mobility Persistence
target life bees, insoil in soil
category verte-
brates
Acute Chronic
diseases  Bacillus subtillis 0 0 0 0 0 0
diseases  mycobutanil X XX XXX XXX X X
diseases  sulfur X ? X 0 0 N/A
diseases  tebuconazol X 0 XX 0 X X
insects Bacillus X 0 X X 0 0
thuringensis
insects bifenthrin X ? XXX XX 0 X
insects carbaryl X XX XXX XXX XX XX
insects fatty acid soap X ? X 0 0 0
insects imidacloprid X ? XXX XX XX XX
insects lamda-cyhalothrin XX X XX XX X XX
insects malathion X ? XX XXX 0 X
insects neem extract X ? X XX 0 0
insects permethrin X XX XXX XXX 0 X
insects spinosad X ? XX XX 0 X
weeds acetic acid XXX 7 X 0 0 0
weeds atrazine X XX XX 0 XXX XX
weeds fluazifop 0 ? X 0 0 0
weeds glyphosate X ? X 0 X 0
weeds imazaquin X ? X 0 XXX XX
weeds pendimethalin X 0 XX X 0 XX
weeds triclopyr X X XX X X 0
weeds trifluralin X ? XXX X 0 X

*Toxicity level: 0 = low; X = moderate; XX = high; XXX = highest; N/A = not
applicable; ? = not known
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ABSTRACT

A secure world food supply requires the transition of our agro-food system towards
maximum sustainability of production and supply chains. This article describes some
specific characteristics of supply chains in horticulture, and attempts to assess whether
they make potential candidates for improvements in sustainability. Furthermore, this
article also addresses the technical possibilities of an existing plant-growing system in
conditions where there is an abundance of renewable energy.

INTRODUCTION

This contribution is not the result of specific research on the topic, but is a reflection on
current thinking on the subject of sustainable supply chains in horticulture. The
perspective is that of a Director of Studies at an agricultural university in the
Netherlands, which offers traditional programmes in Horticulture and Agribusiness
alongside a new curriculum, designed specifically to address the challenge of improving
the sustainability of food supply chains.

Since it was founded in 2012, this new programme, entitled International Food and
Agribusiness, has attracted over 60 enthusiastic students from countries as far afield as
South East Asia and South America. In spite of their diverse backgrounds, each one
shares a commitment to the subject and a passion to making a real contribution to
tackling the issues covered, whether as an engineer, and entrepreneur or as an
international consultant. These students will have to be prepared to work in an
international setting, as most of the supply chains cover several countries and
continents. In fact, most of the food that is consumed in the Netherlands is produced
elsewhere. Interestingly the reverse is also true, with the Netherlands being the world’s
second largest exporter of food products.

A Major Challenge

Safeguarding world food supply is becoming a major challenge. Scarcity of land and
depletion of resources are limiting productivity, and causing the cost of food production
to rise. Combined with the growing demand for agricultural resources, especially for
protein-rich diets which are highly input intensive, this is leading to unprecedented
challenges for our food system.” Two times more with two times less” is the current
saying in the Netherlands, referring to the challenge for the coming decades to produce
twice the quality of agricultural commodities from only half the input.
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This is a challenge for which there is no simple solution. It involves addressing the
technical challenges in plant breeding, crop production, post harvesting and logistics. It
is about reducing food waste and food losses. But it is also about power balances in
supply chains, between buyers and sellers. It is also about a country’s ability to feed its
population, and we have seen governments react with food pricing policies that have
removed incentives for farmers to invest in their production. It is about an individual’s
choice regarding what they want to eat, but at the same time consideration of how this
personal choice affects others across the globe. Dutch scientist, writer and former
assistant Director General of the FAO, Louise Fresco writes, “the impact of all the
choices we make with respect to food resonates across the globe” [1].

B. Sustainable Supply Chains

Using the Brundtland definition, sustainable food supply chains would be those supply

chains in which actors are able to manage the production and flow of food, taking into

account the 3 dimensions of sustainable development (People, Planet, Profit) in a way

that the ability of future generations to provide for their food is not compromised [2].

To put this definition into practice means for individual actors, as well as for the chain

as a whole, to address these challenges:

1. how to measure the impact of the chain on environmental, economic and societal
factors in an integrated way

2. which managerial, logistic and technical improvements have to be implemented to
achieve a lower negative environmental and social impact

3. how to organise a cooperative structure and a transaction model within the supply
chain that provide the coordination needed for an outcome in which all actors
benefit

In literature, evidence can be found for the hypothesis that successful sustainable supply

chains combine the same managerial, logistics and technical qualities that would have

made them equally successful as traditional (non-sustainable) supply chains, but that in

addition

1. the management of the organisations involved shares a deep-rooted belief in the
benefits to be gained for their companies in addressing the sustainability issue

2. they succeeded in adopting a cooperative model in which all actors in the supply
chain work closely together and are involved in each other’s business, and even in
each other’s operations

Pagell and Wu [3] mention the ‘reconceptualisation’ by firms in successful sustainable
supply chains, of who exactly is part of their supply chain, leading firms to use the skills
and networks of NGOs and other stakeholder groups.

C. The Case Of Energy

Before addressing some specifics of sustainable supply chains in horticulture, it is
interesting to consider that what we refer to as the “food security challenge’, may not
really about food at all. To avoid wasting valuable effort and resources in attempts to fix
something that is not broken, it is important to clarify this point. The issue may not be
one of a food system problem, but rather of an energy problem.

Energy and food production systems are interlinked in at least two ways:
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1. the use of land across the globe is being constantly reassessed for use for energy or
for food production. And with the Western consumers’ ability to pay more for one
tank of gas than African refugees can pay for their carbon uptake for a whole year
(which is about the same energy equivalent), it is an uneven struggle

2. food production depends heavily on the input of expensive fossil fuels, and often
involves the problems of countries with little foreign currency

It seems that as long as the energy crisis is unresolved, world food security will remain
highly uncertain. But there is a positive side to this discussion: in a future with cheap
and renewable energy, derived from efficient solar cells for example, it may be possible
to address the food challenge in high-tech installations in which LED lighting and zero-
waste recycling safeguard food production. HAS University of Applied Sciences is
involved in developing such technology, using 8 climate chambers, in which all the
growing parameters are carefully controlled. The ideas behind this approach are as
follows:

1. In regular plant production systems, plant growth is probably limited by most
growing parameters, sunlight being certainly one. In these systems, only 25% of the
time available is used effectively by the plant for photosynthesis (Figure 1,
irradiance rates between 50-488 umol/m2.s). The remaining 75% of the time, there
is little or no light available (<50 pmol/m2.s), or there is excessive heat-stress
during the daytime (>488 pmol/m2.s).

2. In closed plant production systems, 100% controlled, and with the application of
optimum wave lengths through LED lights, plant growth is limited solely by the
crop’s own genetic disposition.

3. In open plant production systems, water and nutrients uptake is only a very small
proportion of what is applied.

4. Controlled systems can lead to a 90% reduction in water usage, 100% efficiency in
nutrient application, more controllable metabolic processes and consequently
healthier products. Crop protection products are no longer needed, because of an
elimination of diseases.

In controlled systems, as a result of optimal photosynthesis, dry matter production can
be about 200 g/m2 fresh weight per day for leafy vegetables, compared to an average of
50 -100 grams per day in normal production systems measured over a year (Figure 2)

[4]
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Fig 1. Radiation in a standard Dutch greenhouse (iumol/m2.s per hour of the day)

Crop Fresh crop productioning | Dry matter productionin
mZper day grams per mol PAR-light

Lettuce, Lactuca sativa 190 1.20

Rucola, Erucola sativa 93 0.42

Dill, Anethum graveolens 158 1.20

Basil, Ocimum basilicum 105 0.60

Fig. 2. Fresh crop production in climate chamber

Challenges of the controlled system are, of course, the investments needed, as well as
the energy costs. Technically, pollination is also an issue. The systems are already used
by breeders, to shorten their development time for new cultivars, and by companies to
produce seed or young plants. For some leafy vegetables and herbs, this solution is
already competitive and in commercial use in Japan, where retail prices are much higher
than in the Netherlands. For grains, tubers and fodder crops it may never be an option.

There are those who believe that, within a few years, this technology will be used by
retail stores in large cities to offer a fresh supply of safe vegetables daily. What
consumers will have to overcome is the notion that they want their relationship with
nature to be reflected in the food they eat i.e. not coming from something that looks like
a factory. But there is one consolation at the moment, namely the high numbers of
consumers that are struggling with their diet, and want their food to be as healthy and
safe as possible, which of course is easier to achieve in a controlled environment. And
developments like this can bring agricultural production back into cities, which may
further help shape consumer attitudes towards healthy and fresh food
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D. Sustainable Supply Chains In Horticulture: A Quick-Scan

So what are the implications for sustainable supply chains in horticulture? What are
their specific characteristics? What challenges and what perspectives can we identify?
The framework used in this quick scan looks at some important identifiers of supply
chains and tries to determine whether the specific attributes in horticulture make them a
hopeless case for improving sustainability, or represent a promising starting point for
improvement.

The two most important criteria used to determine the chance of the success or failure of
a supply chain will be

e the return on investment, to be expected from improvements in the supply chain
e the need for the dominating enterprise to cooperate throughout the chain to
capitalise this return on investment

1. Perishable goods

There is the huge problem of food losses throughout the chain. In some fresh supply
chains about 50% of a harvest can be lost in collecting, storing, shipping and
distribution. A challenge that certainly needs addressing in many countries is the
problems small-scale producers face in getting their fresh products to market in time.
Over the past century in the Netherlands, people have been able to develop farmer-
owned cooperatives. And this is where all the progress has been achieved. Dutch
cooperatives in dairy, meat and flower distribution are among the leading enterprises in
the world.

Cooperation in any form brings in the leverage needed to solve this problem. Most
actors in a supply chain share a common interest to keep cost-inflating losses to a
minimum. The perishable nature of fruit and vegetables makes them unattractive to
speculate with. So there is no fundamental problem to overcome in this respect.
Nevertheless, practical challenges abound.

2. Differentiating product attributes

We are currently seeing a two-way development in agro-food business in Europe with,
on the one hand, multinationals and conglomerates operating in a way that almost
seems to deny the concepts of distance, boundaries and nations and, on the other hand,
the development of local-for-local production, based on added value.

The fruit and vegetable segment is one of added value. Fruit and vegetables bring
something extra to a meal, or to a moment. We are, therefore, talking about products
whose attributes are often carefully considered by consumers before buying. It is also a
segment with a great deal of variety: a wide choice for producers and retailers, offered
by a relatively large number of growers, and with relatively high-tech production
methods and post-harvest handling.

And this gives way to the possibility of obtaining a price premium for products that
distinguish themselves, at least for part of the consumer market. So, in an effort to make
chains more sustainable, which demands investments, certainly in the earlier stages,
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there is the promise that the price difference will be paid by consumers at the end of the
chain, and not simply form an additional cost for the other actors.

Some challenges here are:

a. for growers to address the issue of good productivity under low input conditions

b. for producers to safeguard maximum quality and safety, especially if brands are to be
established

c. for retailers to market these attributes together with other attributes such as taste or
local origin

d. for the chain as a whole to find transaction models where all actors in a chain benefit

There is a successful example in the Netherlands, were a vegetable breeder and a
retailer combined their efforts to launch new vegetable cultivars and worked together
with a limited number of producers. Three years ago, the same breeder took this
initiative to China, aiming to expand the business there, working closely with retailers
and growers.

3. The chain is retail driven

Other than in staple foods, where supply chains are mostly dominated by traders, most
vegetable and fruit markets are retail driven and often local. And it is here that we can
see some theoretical advantages, because retailers are able to differentiate between
products and pay the producer a price bonus for efforts to improve sustainability. The
Carrefours of this world have a reason to pay attention to public opinion, and a rise or
fall of 2% in the numbers of visitors to their hypermarkets because of the company’s
sustainability policy, will certainly affect operations.

These companies really know their customers. And they are smart advertisers. So if
they can get a nation to buy 64 different kinds of cookies, they should be able to
encourage them to opt for fresh, healthy and honest products - and to pay for it.
However, in reality we are only seeing minor improvements. Retailers look uncertain,
unaware of their influence and responsibility. It is likely that they will increasingly
attract the indignation of the public and government in the near future. Currently, a
Dutch activist group is being rather successful in naming and shaming retailers on
national radio for their lack of concern for welfare of the chicken they sell.

4. Coordination mechanisms

There is the advantage of large retailers being able to introduce coordination
mechanisms in supply chains to improve sustainability, which would otherwise be too
complex. Thousands of small, unorganised producers of fruit and vegetables cannot
conduct market research or launch market campaigns. They cannot introduce standards
and controlling systems for sustainability, and are coping too much with today’s reality
to be able to think 5 or 10 years in future. But retailers like Tesco can, and they do. In
the Netherlands, we are seeing large retailers starting to move and take the initiative. It
may be slow, but it is a start.
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CONCLUSION

One might think that in a world with a shortage of food and land, farmers would be the
lucky ones, being able to squeeze out a decent living from the difference between the
cost of production and the market price. But often in a chain with unequal power
balances, this is not the case.

Hopefully, this contribution has succeeded in making the point that some fundamental
attributes of fresh food supply chains give reason to believe that improving
sustainability may bring rewards to entrepreneurs operating in this chain. Our concern
here should be with the small farmers, so efforts of governments and the energy of
researchers should aim to make a genuine contribution to the opportunities for small
farmers to continue farming, and to participate in supply chains with decent returns for
their business. Without doubt, it is with the primary producers that most of the scarce
resources for fresh products are invested. This is, therefore, the place where the majority
of the investments in sustainability will need to be made, and it is here that we must
look for the reward in the form of the Sustainable Horticulture Supply Chains we so
much need.
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INTRODUCTION AND THEORITICAL BACKGROUND

Agriculture is one of the most important sector to support human life. Agroindustry also
has important roles in producing food, feed, building materials, pharma and
nutraceuticals, as well as energy. Indonesian government has been developing oil palm
plantation since early 1960’s and the industry has now been growing strongly. Today oil
palm becomes one of the Indonesian prior commaodities, and it is getting more important
to safe agricultural produces, to increase quality and added value of the consumer needs
products.Sustainability of palm oil is crucial if this versatile crop is to become the
leading vegetable oil in this world (Tan, 2009). Due to global challenges in the area of
vegetable oils compotition and trade, sustainable oil palm agroindustry development in
Indonesia is important , as well as the development of zero waste technology within the
agroindustry boundary.

Large scale production of an agroindustry discharges excessive amount of agricultural
waste of different kind and forms. These agro industrial wastes mainly consist of
organic matters which, through clean technology can be recycled by integrated waste
utilization or simply returned to the place of their origin. In this article some of
Indonesian palm oil industrial cluster wastes are reviewed. Palm oil industrial clusters in
Indonesia have been developed since 2006 in three locations, namely Sei Mangkei,
Dumai-Kuala Enok and Maloy (Pahan et al., 2011).

Agro industrial wastes can be managed to be recycled, or be transformed into other
products, which have value added. These options for Agro industrial wasteprocessing
arereduce, reuse, recycle and recove. Clean technology can be implemented to minimize
the waste, thereby increasing productivity and reducing the unit cost of product. The
basic guidance for zero waste technology are:

. Maximizing the raw materials of agricultural produces (harvest)

. Converting commaodity (ies) to various higher value products — avoid to produce
only one product from one commodity

. Always considering the optimum pathway of conversion based on the values of
products mapped on the “Three of Industry”

. Considering the by-products as raw material for other products development
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. Considering the use of Life Cycle Assessment (LCA).

On the hand, there are several options of agricultural harvest yield to consumers
products, sucha as the followings:

Preservation: utilizing salts, sundrying, low temperatures (chilling etc.)
Processing (size reduction, pasteurization, sterilization, freezing,

Packaging (canning/bottling, vacuum packing etc.) and Labelling

Utilizing microbial and enzymatic processes (bioprocessing)

Thermal Heating and Processing: for solid biomass (wood panel, charcoal, carbon
active etc.)

There are several agricultural products that have high economic importance to
Indonesian society, which could be classified into several gropus, as follows:

a)  For Currency Earnings:Qil palm, Rubber, Cacao, Coffee, Tea, Wood, Pulp and
paper, Rattan, Fish and  Mollusc, Seaweed, Pineapples, Herbs.

b)  For Domestic Needs: Paddy (Rice), Sugarcane, Soybean, Cassava, Corn, Cows
(meat and milk), Buffalo, Sheep/Ram, Chicken, Ducks, Fresh  Water Fish,Fruits
and Vegetables.

On the other hand there a couple of Materials sources for conversiontechnology, as
follows:

. The Whole agricultural produce of harvest

. The by-products or wastes of agroindustrial conversion (chips, cuts, shredded,
remnant, reject portions, off-odor, off-size, etc.)

. Could be in the forms of solid, liquid, and gaseous, or mixtures of all

. ZERO WASTE TECHNOLOGY IN OIL PALM INDUSTRY:
RECOMMENDATION FOR PALM OIL INDUSTRIAL CLUSTERS (POIC)

Oil palm industry in Indonesia has grown rapidly during the last decade.Palm oil is
becoming a more important raw material for many products. Compared to other oil
plants cultivated in Europe, palm oil has several advantages, such as remarkably higher
annual oil yield and lower production costs. Palm oil is used in various food products,
such as cooking and frying oils,margarine, frying fats, shortenings, vanaspati (vegetable
ghee), non-dairy creamer, ice cream,cookies, crackers, cake mixes, icing, instant
noodles, biscuits (Ministry of Industry, 2009). Palm oil is also used for non-food
products important applications such as diesel, engine lubricants, base for cosmetics and
related products (Butler, 2006). The palm oil downstream products are shown in Figure
1, while the added value increase presented in Table 1.

The principal activities of the oleo chemical sub segment are the manufacturing and
sales of fatty acids, glycerin, soap noodles and fatty esters. These versatile products are
used in a wide variety of applications, including manufacturing of detergents,
surfactants, shampoo, soaps, cosmetics, pharmaceutical products, food additives and
plastics. Today, palm oil is an important source for edible oils, as raw material for
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cosmetics and detergents and more recently for biodiesel production (Wicke, 2008; de
Vries, 2010, Lim, 2010).

Frrelons Eryr Product
Potrir Ot Plewtet Fresh Fruit
ailrrr OF Plantation Erme e
\l/ Palm Kernel
Pafrrr OF Milingr N |
Crude Palm Oil |
Fermal Crushing Blant
Crude Palm
Kernel Oil

RBD Palm %‘ RBD Palm |
Refinery and Olein Stearin
Fracticrnation RBD PK REBD PK
‘ Olein }eg)‘ Stearin ‘
: N i
. Fr\"("_"‘&/o_l Shortener e Cocoa Butter
. ooking Qi Margarine Substitute
Food Specialty Fat Shorter:\er | Margarine, Confectionary, lce |
Margarine Cream, Biscuit Cream
]
Fatty Acid #% Glycerol |
Basic Oleccherriicals Biodiesel/
arnd Biofuel Methyl Ester
Fatty Ester
¥
Biolubricant Emulsifier
Specialty Products fFCa‘itz —> Synthetic Lubricant Humectant sem
arnd Corscrmer Gooadk Acid g:—\ti;?f?:: Ezz::;i: (ol Bafe:
EESSL Personal Care Products Personal Care Products
Figure 1.Palm Oil and Related Industries (Lie,2013)
Table 1.The Increasein Added Value
of The Downstream Products of Palm Qil
No PRODUCTS PRICE ADDED VALUE
USD/ton (CPOICPKO)
1 CPO 1.168 0 % (basis)
2 CPKO 1.322 14%
3 Cooking Oil (packed/bulk) 1.575 35%
4 Margarine/Shortening 1.732 48%
5 Confectionaries 1.850 39%
6 Methyl Ester 2.123 82%
7 Fatty Acids 2.820 141%
8 Fatty Alcohol 4.200 217%
9 Surfactans 5.450 366%
10 Cosmetiks ™ 8.230 522%

Price as per April 2012 calculation based on % mass with the conversion factor based
on CPKO
) Raw materials for Cosmetics. Ministry of Industry (2012).
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1.1. The Raw Materials for Operating Industries in The Palm Oil Industrial
Clusters.

Based on the report of Gumbira-Sa’id, et al.(2012), some materials to be used in palm
oil industrial clusters are listed below.

1) Palm Qil Mill (75 tons FFB/h): Fresh Fruit Bunches of oil palm

2) PKO Plant (400 tons /day): Oil palm kernels

3) Feed Mill: Oil Palm leaves, cake etc.

4) Integrated Biodiesel Plant (600 000 tons/ year) and Phyto nutrients Plant: CPO

5) Oleochemistry (Fatty Alcohol) (90000 tons/ year): PKO

6) Refinery (Frying Oil) (600.000 tons/year): CPO

7) Electricity Power Plant: Oil Palm Based Solid materials

8)  CPO Bunkers: CPO, Cooking oil etc.

9)  Waste Water Treatment Plant and Methane Capture Facilities: Palm Oil Mill
Effluents (POME)

There are at least eight types of industries (Table 2) that have been and will be operating
in each palm oil industrial cluster, namely CPO Mill, PKO Plant, Feed Mill, Integrated
Biodiesel Plant and Phyto nutrients Plant, Oleochemicals (Fatty Alcohol), Refinery
(Frying Oil), Electricity Power Plant From Oil Palm Based Solid materials, CPO
Bunkers, and Waste Water Treatment Plant and Methane Capture Facilities.

Furthermore, wastes from the palm oil industry lead to severe environmentalproblems
in future and should be utilized as resources to develop bio-economy and market the
carbon neutral products. The concept of eco industrial cluster will support the industrial
players and the government as responsible actors in developing agroindustry. Some of
the potential socio-impacts benefits from the establishment of palm oil industrial
clusters are (i) job opportunities, (ii) clean and renewable energy, (iii) reduction in
energy cost, (iv) Increase of Electricity Supply Coverage.

Table 2.The Type Of Industries to be Operated in
The Three Palm Oil Industrial Clusters

POIC SEI MANGKEI POIC DUMAI — POIC MALOY
(NORTH SUMATERA) PELINTUNG (RIAU) (EAST KALIMANTAN)
1} Palm Oil Mill (75 tons FFB/h) | (1) Palm Oil Mill {75 tons FFB/h) |1) Palm Oil Mill (75 tons FFB/h)
2) PKO Plant (400 tons /day) (Z2) PKO Plant (400 tons/day) 2) PKO Plant (400 tons/day)
3) Feed Mill (3) Biodiesel Plant 3) Biodiesel Plant
4) Small and Medium Scale [(d) Refinery (Frying Oil) 4) Refinery (Frying Oil)
Industrics (5) Methane capture facilitics 5) Electricity Power Plant From
5) Integrated Biodiesel Plant (600 | (6) Anorganic Fertilizer Plant 0il Palim Based Solid matetials
000 tons/ vyear) & Phyto|(7) Methyl Esther Distillation |6) Biosurfactant Plant
mutrients Plant Plant T) Soap and Cosmetics Plant
6) Oleochemistry (Fatty Alcohol) | (8) Feed Mill 8) Fatty Acid Plant
(90000 tons/ year) (9) Electricity Power Plant From |9) Glycenine Purification Plant
Ty Refinery (Frying Oil) (600.000 Oil Palm Based Solid materials | 10) Margarine, Shortening, Red
tons/year) (10) Spent Earth Extraction Planit Frying Oil, and  Ghee
8) Electricity Power Plant From | (11) Liquid Smoke Plant Manufacturing Plant.
il Palm Based Solid materials | (12) CPO Bunkers. 11) CPO Bunkers.
9) CPO Bunkers
10) Waste Water Treatment Plant
and Methane Capture Facilities
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1.2. Palm Oil Biomas Utilization

In the palm oil value chain activities, there is | surplusof waste which has a high value
benefits, especially in the case for empty fruit bunches (EFB) biomass utilization. On
the other hand, fibre and kernel shells could also be used to producesteam and
electricity for the boiler. The boiler ash and EFB could be returned as fertilizers in the
plantation.

There are advantages in the use of biomass. Biomass is a renewableresource that has a
steady and abundant supply, especially those biomassresources that are by-products of
agricultural activity. As raw materials, biomass wastes have attractivepotentials for
large-scale industries and community-level enterprises. Furthermore with the global
campaign to combat climate change, Indonesian oil palm industry are nowlooking for
alternative sources of energy to minimize green house gas (GHG)emissions. Figure 2
shows the utilization of oil palm biomass proposed by The Indonesian Oil Palm
Research Institute (2012).

Particle board
Energy uses

MDF portion 5
~ Incineration
ACETONE-
BUTANOL-
ETHANOL S~
Pulp and paper T Composting
Mulch mat and baling " CHARCOAL AND

E $.Y o6iieiti..  CARBON ACTIVE
% LAY &

Figure 2.The Utilization of Oil Palm Biomass
Source: IOPRI (2012); Gumbira-Sa’id (2013)

Composting is a viable means of transforming variousorganic wastes into products that
can be used safely andbeneficially as biofertilizers. Furthermore, oil palm mill generally
can handle about 100 metrictonnes (mt) of fresh fruit bunches daily. At the mills where
oil extraction takes place, solid residues and liquid wastes are generated. The solid
residues, mainly empty fruit bunches (EFB), are more than 20% of the fresh fruit weight
(Ma et al., 1993; Kamarudin et al., 1997). EFB is a common material used in
composting. In general, composting was carried out using combinations of EFB and
POME or manure. More than 500 kg (around 0.5 m®) of liquid wastes, mainly in the
form of palm oil mill effluent (POME), are discharged during the processing of 1.0 mt
of fresh fruit bunches (Ma et al., 1996).Composting of EFB has been extended to
farmers by IOPRI. One of them is CV BinaTani Sejahtera. Figure 3 shows composting
process EFB and figure 4 shows composting process by IOPRI.
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through hammer tractors and piled shredded
mill inwindrows
y A Ay
. F g EFBand g Addition
Compost Mixing POME POME or
blended manure

Figure 3.Composting Process (Hamdan et al., 1998).

Figure 4.Compost Production Process by IOPRI (2012)

The pulp and paper industry preferred use of coniferous and deciduous trees for
papermaking because their cellulose fibers in the pulp make durable paper. With
improvements in pulp processing technology, fibers of almost any non-wood of plants
species can be used for paper pulp. Substituting this lignocellulosic material can reduce
the burden on forest while supporting the natural biodiversity (Singh, et al., 2013). QOil
palm industries produce an enormous quantity of lignocellulosic biomass, such as oil
palm frond (OPF), and oil palm trunks (OPT). OPF pruned when collecting the fruit
bunches; the stalk part contains carbohydrates as well as lignocellulose. OPT Discarded
for replantation after 25~30 years of the oil production. OPF and OPT as alternative
source of cellulose based material to produce pulp and paper.

Particel board is an engineered material that can be classified as a composite panel. It
has been widely utilized in many industrial and domestic applications for structural
components in furniture or architecture, and it is in high demand as a building material
(Nadhari, et al., 2013). Manufacturing of flat particleboard from oil palm biomass was
envisaged a long time ago. Oil palm trunk (OPT) has a high starch content (12,19-
17,15%) and sugar content. Sugar content in OPT consists of glucose, xylose, and
arabinose. OPT could probably help the self-bonding in binderless particleboard
(Hashim et al., 2011). Research on the use of OPT in the manufacture of particle board
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has been conducted by Nadhari et al. in 2013. Figure 4 shows Manufacture of
particleboard from OPT.

the trunks were immediately cut
into discs, chopped into chips, and

1An 0~ Ar 4+~ rn

The particleboards were hot dried and ground to a
pressed(180 to 220 °C for 15 particle size in range
to 30 min, 12 Mpa pressure) of 15 to 2000 um

Figure 4.Manufacture of particleboards From OPT (Nadhari, et al., 2013)

1.3. Down-Stream Industries: The Reasons to Utilize Spent Bleaching Earth
(SBE).

Bleaching earth is used to produce betterquality of oil by removing colouring
substances andtrace elements in vegetable oil. Meanwhile, spent Bleaching Earth (SBE)
is a solid waste material generated as a part of refining process in the vegetable oil
industry. In Indonesia, bleaching earth is regenerated from palm oil refining industry.
Furthermore, Indonesia is the biggest country as the palm oil producer. Rapid increase
inglobal population has causes an increase in palmoil production; hence, spent
bleaching earth (SBE)disposal problems constitute a significant economicwaste and an
environmental problem. SBE is potencially harmfull to the environment due to off-odor
and susceptible to fire-burning. On the other hand, bentonite is not renewable, so that its
use has to be maximized. The management of SBE should use reduce, reuse, recycle
and recovery.

The regeneration of SBE could be the solution to be eco-friendly technology or even
cleaner production. Therefore, it becomes an advantage to use SBE which is abundant
in its availability and easy to find at the single palm oil refinery. The regeneration of
SBE must be preceded by eliminating residual oil contained in SBE. It can be done by
performing the extraction processor by utilizing the oil content as materials for biodiesel
through in situ trans-esterification process. On the other hand, bleaching process leaves
SBE which still contains residual palm oilby20% by weight (AS Fahmi, 2013) or even
40% (Taylor 1999).

The utilization of oil contained in the spent earth has also been examined and developed
not only in Indonesia but also in Malaysia. The utilization of residual oil in the SBE also
meets the standards of economic viability(Alhamedand Al Zahrani, 1999). It shows that
by the amount of oil recovered from SBE (based on 30%of oil absorbed in SBE): 36
000 t.Recovery of residual oil from SBE offers revenueof RM 90 million to the palm oil
processingindustry(Kheanget all., 2007). The recovery process of residual oil is shown
in the below (Figure 5).
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Figure 5. Process Recovery of Palm Oil Contained in SBE

On the other hand, utilization of the SBE residual oilcan also be carried through in situ
trans-esterification process, to produce biodiesel. The utilization of residual oil in spent
bleaching earth into biodiesel is considered more efficient, due to most commercial
biodiesels are produced fromedible vegetable oils which are expensive. The competition
for palm oil between food, feedstock for chemicals and biodiesel has put palm oil in the
limelight and resulted in an extremely controversial debate around the world (de Vries,
2008; Verwer, 2008).By conducting in situ trans-esterification, the residual oil
contained in SBE couldbe utilized as biodiesel without performing oil extraction. The
flow process of biodiesel production by in situ trans-esterification is shown below
(Figure 6)
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Figure 6. Biodiesel Production from Residual Oil Contained in SBE
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The Application of SBE as an Adsorbent in Biodiesel Purification

The de oiled SBE regenerated from biodiesel production could be used as an adsorbent
material which can be used not only in the refining process but also in the biodiesel
purification. The de oiled spent bleaching earth may be reused in bleaching, either
directly or after activation with acids (Alhamed and Zahrani, 2002). Activation is
atreatment of the adsorbent aiming at enlarging the surface are a by breaking
hydrocarbonbonds or oxidize the surface molecules, so that enlarging the surface area
and the effect on the absorption. By activation process, SBE can be used as new
adsorbent (fresh bleaching earth).

Il. UTILIZATION OF POME: REDUCING GHG EMISSION AND
CREATING ECONOMIC BENEFITS

Palm Oil processing gives rise to highly polluting waste-water, known as Palm Oil Mill
Effluent (POME). POME is a wastewater generated by palm oil processing mills and
consists of various suspended components. POME has a very high Biochemical Oxygen
Demand (BOD) and Chemical Oxygen Demand (COD). Anaerobic digestion is widely
adopted in the industry as a primary treatment for POME. It is not only used as a waste
treatment process, but also produces a methane-rich biogas which can be used to
generate heat and/or electricity. Figure 7 shows flow process of POME handling. The
process of anaerobic digestion consists of three step. They are hydrolysis, conversion of
decomposed matter to organic acids (acidogenesis), and acids are converted to methane
gas (methanogenesis). Figure 8 shows the mechanism of anaerobic fermentation
process.

COOLING ANAEROBIC | FACULTATIVE | .| AEROBIC
POND POND | POND (1 POND
COD < 5.000 mg/L [ coD < 330 mgn. |
Oil < 3.000 mg/L
pH=6-9
INDICATOR
POND
LAND APPLICATION
{Fertilizer and
irrigation}
PUBLIC
WATER
TERRITORY

Figure 7. The Flow Process of Pome Handling
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Figure 8.The Mechanism of Anaerobic Fermentation Process
(Grady and Lim, 1980)
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BIOGAS

= Normal : 55-70% CH4

= ForEnergy: 2 85% CH4 {Kapdi et af. 2004)
ENERGY IN 1 m3 BIOGAS

= Electricity : 2,0 kWh

= Thermal : 3,2 KkWh

(Sixt 1994 in Gumbira-Sa’ld 1994)

CONVERSION MACHINERIES

Gas engine

Gas turbine (Heat & Power co-generation)
Microturbine

Fuei cell {Khanal 2008)

Tabel 3. Biogas energy conversion

1 m3 of biogas energy Utilization

comparable to the light 60-100 W for 6 hours Lighting*

comparable to 1.25 kwh electricity Electricity*
0,62 liter Fuel Sustitute**
0,52 liter Kerosen

Solar

Source: *) Kristoferson and Bolkaders (1991) in Haryati (2006)
**) Ditgen PPHP Departement of Agriculture R1 (2009)

EFB Fibre

Covered Lagoon Pre§§ed

Palm Oil Mill PKO Mill

Methane trap . _ :
(POME into Biogas Instalation Biogas Power

Biogas)

Figure 10. The Flow Process to Utilize Biogas for Power Plant in Tandun.
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ABSTRACT

The main goals of the paper is to presenting the energy potency of sugar cane both in
terms of utilization of its fiber to produce power or use its constituent ‘sugar’ as an
important energy food and also as source of feedstock to produce ethanol. In many
major sugar-producing countries, like Brazil, India, and Thailand, sugar mills contribute
significantly into national electric power supply through cogeneration projects. In
implementing the projects, energy consumption of the mill should be reduced, and
power generation to be maximized. Technology and equipment to achieve these
objectives are presented. Due to depletion in fossil fuel reserve and rising in fuel price,
utilization of fuel-grade bioethanol has become current topic worldwide. Some
countries has setup mandatory program to blend ethanol with gasoline for transportation
purpose. With lower production cost compared to ethanol from other feedstock, ethanol
from molasses has gone through different routes. It is now common that cane juice is
directly converted into ethanol. Ethanol distilleries also offered additional
advantageous. Spent wash can be utilized as liquid or solid fertilizer, and in the same
time to produce electricity via anaerobic bio-digesting and gas engine. In the green field
projects worldwide, new sugar industry complexes incorporate sugar mill, cogeneration
plant, and ethanol distillery. These improve economic viability of the project
significantly. The concept also will be implemented immediately in Indonesia.

Keywords: sugar, cane, cogeneration, ethanol, energy.

INTRODUCTION

Sugar is well known for its importance as food, sweetener, and medicine for mankind.
History tells us that by A.D. 500, sugar crystals were produced in India, and sugar
crystallization from cane as the secret science has spread to Persia and other regions
since after. Sugar industry has been a traditional industry and in many countries like
Indonesia, was setup during the second half of the 19™ century. And this particularly is
relevant in respect to tropical countries/regions that are having plenty of sun shine and
adequate rainfall. However, apparently sugar industry has the potential to be the
industry of the future as well. Sugar cane crop offers the best way of harnessing solar
energy and converts the energy into sugars and cellulosic components, known as fiber.

The rising prices of fossil fuels such as crude oil, natural gas, and coal, and depletion in
their reserves, have been major concerns around the world. The widening gap between
energy demand and source of energy, particularly, are major cause of worry for the
future.  The steady reductions in non-renewable sources of energy, and also
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environment concern have added to importance in intensifying effort to find and to
utilize green energy, including biomass and biofuel like ethanol.

Since several years ago, sugar industry in countries like Brazil, Reunion Island,
Mauritius, India, and Australia has taken lead to produce not only sugar, but energy as
well. Each ton of sugar cane (dry basis) has the similar energy content with 1.2 barrels
crude oil (Kent, 2010), both in terms of utilization of its fiber to produce power or use
its constituent sugars as an important energy food and also as raw material to produce
ethanol. And therefore, sugar cane could also be called as ‘Energy Cane’, or in more
popular term in Brazil as ‘Sucro Energia’.

A. Sugar Manufacturing

In sugar mill, the incoming cane is crushed to extract the juice that contains sugars as
well as non-sugars (impurities) in milling tandem or diffuser. Typically, sugar cane
contains 70% juice. The mixed juice is then clarified to remove its non-sucrose
components, mostly inorganic materials, by applying heat and milk of lime. These non-
sucrose components are removed as filter cake. The clarified juice is evaporated to
reach solid concentration near saturated point in multiple effect evaporators to obtain
syrup. Crystallization process of syrup occurs in heated pans by removing the remaining
water under vacuum condition. Massecuite, which is coming out from vacuum pan, is
sent to centrifugal to separate sugar crystals from molasses. Molasses is utilized as
feedstock to manufacture fuel grade or industrial grade ethanol in distillery. Other down
stream products could also be derived from molasses or ethanol, like mono sodium
glutamate, lysine, and acetic acid.

Generally, sugar mill produces either direct consumption sugar (plantation white sugar)
or raw sugar. The latest one shall go into further step, which is refining process, to
produce refined sugar. Countries like Brazil, India, and Thailand produce plantation
white sugar, raw sugar, and refined sugar as well. While Australia only manufacture raw
sugar and refined sugar.

The remaining fibrous material from extraction process of approximately 30% cane,
called bagasse, is transferred to boiler and used as fuel to generate steam. Live steam is
expanded in Turbo — Alternator unit to generate electric power to meet energy
requirement in sugar mill operation. Exhaust steam (back pressure) that near its
saturated temperature is employed as heating medium in heat exchanger units, such as
juice heater, evaporator, and vacuum pan. The cycle of generating power and then
heating sources is generally referred as cogeneration. In term of energy sufficiency,
sugar industry is one of few industries that its feedstock also containing fuel (bagasse)
to meet its energy demands. In addition, sugar cane bagasse could also be employed as
raw material in manufacturing other products like, pulp, paper, and particleboard.

Thus, there is a wide range of co-products or down streams from sugar cane,
particularly those derived from bagasse and molasses. The two are worldwide reach
excellent economic viability, which are generating electric power from bagasse and
producing fuel-grade ethanol from molasses.
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B. Cogeneration In Sugar Mill

The level of energy demand in sugar mill operation is generally measured by the
quantity of steam consumption per ton of cane crushed. The typical figure of energy
consumption in Indonesian sugar industry, in Java particularly, is approximately 550 -
600 kg steam/ton cane, or steam % cane is 55 - 60%. This number is achieved in mill
that employs single stage steam turbines as main primary drives in milling tandem,
pumps and blowers/compressors. From experience, the figure could be much higher for
the small and old mills that are operating steam engines.

Initially, saving bagasse and steam in sugar mill had not been economically attractive.
Excess steam has been blown or vented to atmosphere, and surplus bagasse was
problem, in particular when space and facilities for storage are the issue. Even though
sugar mills could sell bagasse, the price however is not appealing. In Indonesia, we have
witnessed ‘mountains of bagasse” exist in some sugar mills in Lampung.

The situation has turned to be more conducive when the price of electric power
increased to US$ 70/MWh in countries like Brazil and India, where hydrocarbon fuel
unable to meet national energy demand. Selling electric power to national grid or
directly to end consumers will be generating decent income for sugar industry. This
situation helps in country like India where sugar price is tightly controlled by
government, and cane price is more political agenda than economic issue. Diversifying
their business by also selling electric power helps sugar mills to survive and become
more profitable. In addition, carbon-trading scheme under Kyoto Protocol provides
additional incentive.

Brazil, India, Australia, Thailand, Mauritius, Reunion Island, Columbia, and some other
major sugar producing countries had embarked the program to generate and export
electric power from sugar industry, namely cogeneration projects. These countries have
successfully setup a large number of such facilities with the latest technology in the last
10 years. In 2007/2008 Brazil produced 1,800 MW from its sugar industry, and targeted
to generate 14,400 MW in 2020/2021 from sugar mills (Oliverio and Ferreira, 2010). In
2009, it was reported that the total installed cogeneration capacity of sugar mills in India
was 1,280 MW. This capacity has the potency to increase to 10,500 MW, from which
up to more than 6000 MW of exportable surplus (Avram-Waganoff et al., 2010)

From technology point of view, maximizing power generation and saving process steam
enable sugar mill to export its excess power of 100 — 125 kWh/ton cane (Morgenroth
and Pfau, 2010). In order to achieve this objective, the steam consumption should be
minimized, and the authors also suggested steam % cane in the range of 26 — 32 % as
the benchmark for modern sugar mills. For a sugar mill with crushing capacity of
12,000 tones cane per day (TCD), or 500 tons cane per hour (TCH) for instance, the
potential electric power to export is 50 — 62.5 MW/hour. With sufficient bagasse or
other fuels to operate in 300 days/year (160 to 200 days during crushing season, and
100 to 140 days during off season), the mill has potency to sell electric power of
360,000 MWh — 450,000 MWh/year, or 360 — 450 GWh/year.

To accomplish these objectives, well-designed new mill in green field project or well-
planned up-gradation program of the existing mills shall be carried out, which are
including:
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1. Maximizing power generation

Up to present time, most of sugar mills in Indonesia employ low-pressure boilers to
generate steam, and expand the steam in back pressure turbo-generators to produce
electricity. Low efficiency steam drives, such as single stage steam turbines are also
under operation. The typical boiler pressure is 20 — 25 Bar, with the absent in heat
recovery systems such as pre-heater, economizer, and superheater. In these situations,
the quantity of bagasse consumption as fuel in boiler is high, and steam consumption is
also high. The average steam rate of 12 tons steam/MWh is usually recorded by
backpressure turbogenerators, and 20 tons steam/MWh is the typical rate for single
stage steam turbine.

However, it is also common to find colonial era fire-tube boilers and steam engines in
many mills in Java. These old fashioned and inefficient fire-tube boilers produce steam
with pressure of 5 — 7 Bars. The typical steam consumption of steam engine is much
more than 20 tons/MWh. Unsurprisingly, this situation leads to fuel deficit in sugar mill
operation.

Now days, the new constructed sugar mills and brown field cogeneration projects
worldwide are moving toward higher-pressure boilers. Boilers with pressure of 65 Bar,
87 Bar, or even 105/110 Bar with steam temperature of 540 °C are now available in the
market. These boilers could be supplied by some major EPC contractors, like ISGEC
(India) and Dedini (Brazil). In addition, extraction-cum-condensing steam turbines with
steam rate of less than 4 tons/MWh are also available. The combination of these higher-
pressure-higher temperature boilers and condensing-extraction turbines improves
thermodynamic cycle efficiency in sugar mill operation. From thermodynamic point of
view, in Rankine cycle particularly, better efficiency is achieved with the higher
temperature of steam. As the results, more power could be produced with the same
quantity of steam, which in many cases at least 3 times larger.

It was reported in ISSCT Co-products Workshop held in Coimbatore (India) in 2009,
for instance, fully electrified sugar mill with 65 Bar steam boiler and extraction
condensing turbine, capable to export 112 kWh/ton cane crushed. And with 110 Bar
boiler, the excess power to export to grid could be more than 125 kWh/ton cane
(Avram-Waganoff et al., 2010). Subarmanian and Awasthi (2010) presented a table to
compare the benefits of employing high- pressure boilers, which are including:

a. Higher steam/fuel ratio.
b. Lower specific steam consumption.
c. Higher power generated per ton of bagasse.

Better and more efficient thermodynamic cycle in sugar mill operation causes
improvement in power generating from available bagasse, and saving bagasse as well.
However, like other power-generating project, one of main key success factor for
cogeneration in sugar mill is the quality and availability of fuel. Bagasse quality is
associated with its caloric value, which has negative relationship with moisture content
and residual sugar content in bagasse. Good extraction in milling tandem or diffuser
could produce good quality bagasse with moisture content of less than 49% and thus
caloric value of more than 2,000 kCal/kg. This bagasse may generate steam between 2.0
to 2.2 tones steam/ton bagasse.
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Depends on its fiber content, typical bagasse quantity produced in sugar mill is
approximately 26 to 34% cane. Cane trash, including cane top and cane leaves, is also
considered as valuable source of additional fuel for boiler. Several boilers manufactures
design combined-fuel or multi-firing capacity of furnace to allow boilers utilizing other
biomasses, like wood dust, straw, rise husk, or even coal and gases. This obviously
ensures the power plant/cogeneration to operate and produce electricity in year round
with higher power output, in particular during off-season. Higher power output during
off-season is obtained since no captive power is required to run sugar mill.

The new direction that sugar cane to become ‘energy cane’ has modified the way to
evaluate sugar cane quality. Corcodel and Roussel (2010) suggested that cane energy
content and energy yield per hectare or per tone of cane, are now major parameters in
Reunion Island. The authors also reported that Reunion Island sugar industry has been
developing new varieties of sugar cane that containing high sugar and high fiber as well.

In addition, cane trash also offers the benefits as biofuel. Before, pre-harvesting as well
as post-harvesting burnings are common practices in sugar industry. With its high
potential energy content, cane trash increases the value of cane crop against other crops.
Kurt Woytuik (2006) reported that dry-basis cane trash has caloric value of 3845-4375
kcal/kg. Burning cane trash (burnt cane) releases harmful greenhouse gases like N20,
CHasand COz in addition to CO. Under cogeneration program, green cane harvesting is
now a common practice worldwide.

2. Saving energy and steam consumptions

Minimizing energy consumption during sugar mill operation is the same importance
with maximizing power generation from bagasse in cogeneration program. Some
authors, such as Oliviero and Fereira (2010), and Morgenroth and Pfau (2010), and
Kent (2010) have suggested technology and equipment to employ in reducing energy
consumption as well as in maximizing energy conservation. To sum up, these authors
suggested the following:

Diffuser plus dewatering mills or 6-mill tandem.

Direct contact juice heaters with vapour.

Falling film tubular evaporator.

Five or six effect evaporators.

Vapour bleeding from all effects of evaporators.

All vacuum pans heated with vapour from evaporators, not exhaust steam.
Maximise heat recovery from condensate.

S @ - e o o0 T

Utilise flash vapour as heating medium.

High G-factor of continuous centrifugal.
J. High-level process automation.

In order to decrease heat inputs in steam generating, Subarmanian and Awasthi (2010)
suggested installing high pressure feed water heaters using bleed steam from turbine to
increase feed water temperature to approximately 220 °C before entering economizer.
Significant advantages could also be achieved in reducing auxiliary power consumption
by using variable frequency electric drives in boiler as well other parts of sugar mill. In
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addition, minimizing the use of exhaust steam as heating medium via heat recovery
system means more live steam could have gone through condensing route, instead of
backpressure, to generate more power in extraction cum condensing steam turbine. Thus
steam consumption of less than 30% cane and excess electric power of 125 kWh/ton
cane could be achieved.

C. Production Of Fuel Grade Ethanol

Due to the Oil Crisis in 1973, and the rising in fuel cost as the consequence, in 1975
Government of Brazil established the National Alcohol Program, called the Proalcool
(Programa Nacional do Alcool). The intention of the program is to incorporate
ethanol into Brazilian Energy  Matrix, especially in transportation by blending
ethanol with gasoline, or further by replacing gasoline (Oliverio and Boscariol, 2013).
Now days, 90% of total cars produced in the country are flexi fuel cars, which can use
100% gasoline, blended gasoline and ethanol, and 100% ethanol as the fuel.

Proalcool program is considered as the most significant renewable energy program in
the world for substitution of fossil fuels with biofuels, created a steady demand and
established the needs for its use, particularly in transportation sector. With government
support, private investment and then competitive production, the program led to better
sustainability in the sugarcane industry.

Many countries now have introduced mandatory program to blend ethanol and gasoline.
India, Thailand, Singapore, and Australia, for instance, have introduced E 10 fuel for
cars, which is blending 10% of ethanol and 90% of gasoline.

In addition, the cost in fuel grade ethanol production from molasses is much cheaper
than from other feedstocks, like corn and cassava. Brazilian sugar industry produces
ethanol with half cost of the ethanol cost from corn (Avram-Waganoff et al., 2010). The
authors pointed out that this cost advantageous is due to higher productivity of
ethanol/hectare, which are 6,000 L/Ha for cane-based ethanol, and 3,000 L/Ha for
ethanol from corn. For country like Indonesia, employing feedstock likes corn and
cassava will raise concern in food security.

With further rising fuel costs and demand for fossil fuel, Brazilian sugar industry is
moving toward to new concept in production ethanol. Previously, sugar mill had only
one product, which was sugar, and then distillery was integrated. Molasses was solely
raw material in manufacturing ethanol. However, now days, many of sugar mills in
Brazil are also pumping cane juice to the adjacent distillery. More portion of cane juice
is converted into ethanol when ethanol price increases. And in the near future, Brazilian
sugar industry will be converting a major portion of its sugar cane crop into ethanol
(Oliverio and Boscariol, 2013). Generally, 10 L ethanol/ton cane is produced via
molasses, and 75 — 80 L/ton cane could be manufactured if cane juice is directly used as
raw material. In term of processing wise, it is easier to produce ethanol via direct
fermentation of molasses or cane juice.

Manufacturing ethanol directly from cane juice is now also a common practice. During
the Pre-Congress Tour prior to ISSCT Congress XXVII (2010), in Veracruz, Mexico,
the participants were touring to a distillery which has capacity of 100 kL/Day. During
the visit, molasses was the raw material. But on site, a mill tandem, boiler and
powerhouse were under construction. In the new concept, the mill will crush incoming
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sugar cane, and the extracted cane juice would be sent directly to distillery. As usual,
bagasse would be fuel for the boiler. Oliverio and Boscariol (2013) presented that the
new generation of mill in Brazil, like the Agua Emendada Mill in Goias (Brazil) will
focus on production bioethanol and bioelectricity from cane, no longer sugar.

D. Other Potency From Ethanol Distillery

In ethanol manufacturing, however, environmental issue is very critical and sensitive, in
particular regarding to the liquid waste, which is generally called spent wash or vinasse.
A typical 10:1 ratio of vinasse to ethanol is common, which means for an ethanol
distillery of 100 kL/day, the volume of vinasse produced could be about 1,000 m3/day
or even more. This dark coloured liquid with high concentration of solid will release
stinking gases after a few days of aerobic fermentation process in open and ambient
conditions. These characteristics of vinasse obviously will never meet any environment
standard and regulation.

Apparently, in addition to its organic compound, this spent wash still contains a
significant quantity of inorganics like potassium, nitrogen, and phosphate. These
compounds are previously added to molasses as nutrients for the yeast that converts
sugars into ethanol. And it turns out that these inorganics are macronutrients for cane
crop as well. In countries like Brazil and Australia, spent wash (vinasse, stillage or
called dunder in Australia) is applied directly as liquid fertilizer to soil.

In India and Thailand, the new technology is applied, and vinasse is gone through
anaerobic bio-digesting process. The remaining organic compounds of vinasse are
converted into methane gas. This gas is then utilized as fuel in gas engine to generate
electricity. The installation can be seen for instance in Korat Industry, Thailand, and
some vendors, like Praj Industries Ltd., and Global Water Engineering, could supply the
technology. For the typical 100 kL/D ethanol distillery, the methane gas obtained from
anaerobic bio-digesting facility capable to generate 4 MW electric powers via
combustion process in gas engine. This is more than enough to supply the captive power
required to run the distillery and its supporting facilities. Manufacturers like Jenbacher
(GE) could provide the gas engine.

The less harmful remaining liquid can be applied directly as liquid fertilizer or mixed
with filter cake and fly ash (from boiler) prior to be utilized as solid fertilizer or bio-
composting. Through the latest method, macronutrients as well as compost can be input
to soil. This can be done since sugar mill typically produced filter cake and fly ash 4-4.5
% cane and 1.5% cane, respectively.

E. Model For Integrated Sugar Industry

The world sugar price have been very volatile in the last few years and therefore for a
sustainable operations it is extremely relevant now to set up integrated sugar cluster in
such that it is possible to earn excellent return on capital investment. Now, the new
green field projects worldwide adopt the integration concept with zero discharge, that
incorporating ethanol distillery and cogeneration project into sugar mill. With only one
platform, the integrated sugar complex could produce sugar, power, ethanol, liquid and
solid fertilizers.
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PT. Perkebunan Nusantara X (Persero) is one of state owned enterprises in sugar
business in Indonesia. The company is now developing a plan to construct integrated
sugar cluster in Madura Island. The implementation program has been setup to develop
at least 12,000 Ha cane crop area, 1 sugar mill with the capacity of 5,000 TCD,
expandable to 7,500 TCD, 30 MW cogeneration plant, and a 60 KLPD ethanol distillery
integrated with anaerobic bio-digesting and gas engine facility to produce electricity,
liquid fertilizer and solid fertilizer. Under internal study, this integrated model improves
significantly the economic viability of the project. Furthermore, one platform that
simultaneously produces sugar, electric power, ethanol, and vinasse that replacing
chemical fertilizers, will indeed guarantee better sustainability of the industry, both
commercially and environmentally as well.

CONCLUSION

In recent years, sugar industry has been transforming from traditional and old industry
into future industry.

With depletion in fossil fuels reserve and increasing demands for renewable bioenergy,
the sugar industry offers solution via ethanol from molasses and cane juice, and
bioelectricity from bagasse.

Transforming the industry into ‘sucro-energy’ by maximizing energy utilization of
sugar cane, also improves economic viability and environmental sustainability of the
industry.

Integrated sugar complexes are now implemented for green sugar mill projects
worldwide. And Indonesian sugar industry is moving toward to embrace the trend.
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INTRODUCTION

Any economy, as a long standing tradition, is divided into three major sectors as
agriculture, industry and services. Historical evidences suggest that the economic
development in many countries started with the high performance of agriculture and
later on turned to industry and finally ended up with services. The relative importance
of these three sectors shifts from agriculture through industry and services along with
the economic development and this transformation is described as a structural change of
a society. The importance of human settlements (dwelling patterns) shift from agro
based rural areas to industry and services based urban centers along with this
transformation. The sources of income and employment as well as government revenue,
international transactions, social wellbeing of a society depend on the performance of
these three sectors. The level of Gross Domestic Product (GDP) and economic growth,
widely used two economic indicators of the modern world, reflect the performance of
agriculture, industry, and services of a country.

Agro industry has evolved from primitive practices in the olden days to the modern
automated systems over long period of time of the human history. Scale of production
as well as the specialization of product has changed in the past along with the expansion
of the market, advancement of the technology and evolution of the organizational
pattern. The natural factors maintained the sustainability of the agro industry like many
other human activities in the olden days as the human being had an extremely limited
capacity to go beyond the laws of the nature. The man has managed to break the upper
limit of the production imposed by the nature along with technological advancement.
The scarcity of agricultural products has been replaced by abundance, access security
has taken the place access insecurity, and the sameness of products has been replaced by
variety even though there are disparities in geographical distribution of these changes.

A. Agriculture

The scope of agriculture encompasses through farming, livestock, poultry, fishing,
hunting and forestry. Similarly, the area covered by agricultural products varies from
foods and beverages for human consumption to fodder, fiber and other industrial
inputs, landscaping, and aesthetic appealing of the forest and countryside. The quantity,
quality and continuity of supply of these products are decided by natural diversity and
human dexterity. The availability and accessibility of all products have improved with
the advancement of the human civilization in the past, so that the local production is not
a critical factor for food security, if sufficient income is generated from other sectors of
the economy.
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A few key historical turning points are taken into account when the development path of
agricultural sector is examined. The Neolithic revolution in some 10,000 to 5000 years
ago paved the way for permanent human settlements with the domestication of animals
and plants instead of nomadic life and depending on forests for hunting, harvesting and
other sort of food gathering (Weisdorf 2005). Under the medieval green revolution,
Arabic and other Muslim traders diffused new crops and cultivation techniques, mainly
within their trading areas, during 8" to 12" centuries. This practice raised the
agricultural production and diversity while improving the living standards of people to
some extent (Idrisi 2005). Western agricultural revolution during 15" to 19" centuries,
increased the farm size, introduced new cultivation methods, new inputs including
fertilizer and manures, new seeds and breeds, commercial cultivation, modern farm
management, and agro based industries (Apostolides et al 2008). The green revolution
in between late 1940s and early 1970s raised the agricultural productivity and
production as a result of high yielding seed varieties, new agricultural inputs like
fertilizers and mechanization of the production process (Gaud 1968). It was the most
successful achievement against the world hunger even though there were some
weaknesses, especially in the sphere of environmental degradation. The growing
production owing to these changes created more opportunities for agro based industries
than ever before. Since 1990s the world agriculture is experiencing the impact of
biotech revolution; genetically modified crops are being cultivated as a result of this
revolution. Under biotech revolution, new crops immune to diseases, pests, hostile
weather conditions are being introduced while certain crops carry special nutrients and
pharmaceutical agents (Committee on Agriculture 2012).

B. Agro industry

Industries are broadly classified into two on the bases of raw material sources as agro
based and mineral based industries. Industry connected with agricultural raw materials
is basically considered as the agro industry. Agro based industry is once again divided
into two as food and non food industries. Agro industry transforms products originating
from cultivation, forestry and fisheries (FAO 1997). It is a component of manufacturing
sector where value is added to agricultural raw materials through processing and
handling. Agro industries carry high multiplier effects in an economy in terms of job
creation and value addition through its forward and backward linkages (Silva and Baker
2009). Agro industry is a part of the broad concept of agribusiness that consists of
suppliers of inputs to the agricultural, fisheries, and forestry and distributors of food and
non food outputs from agro industry (Henson and Cranfield 2009). Agro industry
broadly covers the post harvest activities involved in the transformation, preservation
and preparation of agricultural products either for intermediary of final consumption
(Wilkinson and Rocha 2009).

Agri-business includes farming (crop production), agro input supply, packaging,
distribution, processing industries, and marketing (retail and wholesale). Agro
processing industries are classified as upstream and downstream industries. Rice and
flour milling, leather tanning, cotton ginning, oil pressing, saw milling and fish canning
are brought under upstream while bread, biscuit and noodle making, textile spinning and
weaving, paper production, clothing and footwear manufacturing come under
downstream industries. Intermediate products made in the initial processing of
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agricultural materials are further manufactured by downstream industries (FAO 1997).
The production process may range from craft through intermediate and highly
sophisticated method depending on the level of technology and organizational structure.

Agro industries are useful in enhancing economic benefits of a country. The
development of competitive agro-industries is vital for creating employment and
generating income opportunities, as well as enhancing the quality of and demand for
farm products (UNIDO 2009).

Agro-industries have the capacity to create employment opportunities not only in
farming but also in off-farm activities such as handling, packaging, processing,
transporting and marketing of food and agricultural products. In addition to that agro-
industries carry a significant global impact on economic development and poverty
reduction, in both urban and rural communities. However, the full potential of agro-
industries as an engine for economic development has not yet been realized in many
developing countries (FAO 2008).

C Prospects and Challenges of Agriculture and Agro industries

The UN member states agreed to launch a process to develop a set of sustainable
development goals (SDGs) at the United Nations Conference on sustainable
development (Rio+20) held in Rio de Janeiro in 2012. Accordingly, a comprehensive
path toward sustainable development consists of three interrelated dimension as
environmental, economic and social. In promoting sustainability of agricultural
production and food security, the production systems operate and constraints they face
have to be taken into account in a prudent manner. In particular, land degradation,
competition for land, loss of biodiversity, natural resource management, and climate
change and the role and needs of small-scale farmers, including rural women are
important factors in this endeavor (UN 2013b).

World’s agriculture and related economic activities are engulfed with multitudes of
issues. It is maintained that nearly 870 million people of the 7.1 billion people in the
world, were suffering from chronic undernourishment in 2010-2012 time period.
Almost all the hungry people numbering 852 million live in developing countries. It is
equivalent to 15 percent of the population of developing counties. In addition to that,
there are 16 million people undernourished in developed countries as well (FAO 2012).

The consumption of major agricultural products will go up in the future due to growing
population, higher incomes, and urbanization and changing diets, especially in
developing countries. The demand for agricultural products in emerging economies with
a huge population such as China and India would exacerbate the situation further even
though agricultural products in those countries growing to cushion the impact to some
extent (OECD-FAO 2013).

It is estimated that there are 5 billions hectares available for food supply worldwide, 1.5
billion of them are used for crops and 3.5 billion as grassland, grazing land and highly
utilized steppe. Nearly 2 billion hectares are degraded due to intensive and improper
use, with continued degradation amounting to an annual loss of $400 billion per year.
Nearly 80 to 90 per cent of the 868 million food-insecure people in the world reside in
regions with strongly degraded or severely depleted soil (UN 2013b).
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Agro processing is an important component of the agriculture sector in any country.
Even though it contributes to overall agricultural development, agro processing can also
give rise to undesirable environmental side-effects. It can create environmental
pollution or hazards in various ways: the discharge of organic or hazardous wastes into
water supplies; the emission of dust or gases that affect air quality and produce toxic
substances; and the use of dangerous machinery that can put the safety and health of
workers at risk (FAO 1997). Ago industries grow over time along with the rising
production, changing requirements and technological advancement. The rapid growth of
agro industries in developing countries poses risks in terms of equity, sustainability and
inclusiveness. Agro industries would be sustainable only if they are competitive in
terms of costs, prices, operational efficiencies, product offers and other associated
parameters and only if the prices they are able to pay farmers are remunerative for
those farmers (Silva and Baker 2009).

New agricultural technology should be appropriate to environmental, economic, social
and cultural setup of resource poor small scale farmers, while ensuring that farm
products are fairly and reasonably priced for supporting small holders for sustainable
farming. Vulnerability and marginalization of small scale farmers are high, if there is no
sufficient diversification at the farm level. It is essential to develop scale-neutral
technologies grounded in the realities of marginalized famers. Even though women
make up high per cent of the agricultural labor force in sub Saharan Africa, East Asia
and many dev eloping countries, they do not have equal access to productive inputs and
services, such as land, livestock, education, labor, financial services and technology
(UN 2013b). The adoption of new capital intensive technologies leads to reduce
employment and create negative impact on income distribution (Henson and Cranfield
2009).

Ongoing trend of climatic change pose an increased pressure on soil, water cycles, crop
and livestock products. More frequent extreme weather conditions accelerate soil
erosion and run-off. Similarly, growing temperature level increase the turnover rates of
organic matters affecting negatively for soil composition and water holding capacity
while affecting the health of plants, animals, and farmers, increasing pests and reducing
water supply pose a great threat to increase desertification and land degradation. In
addition to that, increased ozone levels would harm key crops and cause negative
impacts on the nutritional quality of various foods. Massive investments are essential in
roads, irrigation efficiency and expansion and agricultural research to cushion the
impacts of changing climatic change (UN 2013b).

Increases and transformation of agricultural production and agro industrialization have
profound implications on land usage bringing even more marginal lands, potentially
sensitive lands into cultivation possibly creating environment to deforestation,
desertification and loss of biodiversity; similarly, the environment impact of agro
industrialization can induce changes in type and level of agro chemical usage. The agro
industrialization can have critical impact on availability and quality of water, especially
in developing countries. Agro industrialization caries a profound impact on the level of
energy uses and potentially detrimental environmental effects associated with waste
from the agro processing sector (Henson and Cranfield 2009).

Agro industries would complicate the situation further, if prudent initiatives are not
taken timely. In order to minimize the impact of agro-industrial residues on the
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environment, administrative tools to limit such releases must be introduced and
amended to meet the need of new challenges. The legislation prohibiting the discharge
of residues into the environment is a direct intuitive in this endeavor. Such incentives as
soft loans to invest in control measures can be coupled with legal provisions. Similarly,
economic disincentives as penalizing of polluting industries could also be introduced.
Further more pollution entitlement shares and permissible limits (including trade
permits); taxes on inputs or resource use rather than on the level of pollutants; subsidies
to invest in environmentally friendly technologies; fees to cover the costs of removing
pollutants, etc can be introduced as complementary initiatives(FAO 1997).

The world agricultural production is expected to grow 1.5% annually over the coming
decade, compared with annual growth of 2.1% between 2003 and 2012. The growing
resource constraints including limited expansion of agricultural lands, rising production
costs and the increasing environmental pressures are the main factors behind this trend.
Prices of crop and livestock products will remain above the historical averages over the
medium term due to slower production growth and strong demand, including for bio
fuels (OECD-FAO 2013).

The scope of sustainable development encompasses the economically, socially and
environmentally sustainable future for the planet and for present and future generations
while freeing humanity from poverty and hunger. In promoting agriculture, a resilient
food system must be supported by actors along the entire value chain, including
farmers, the input and processing industries, retailers and consumers (UN 2013b).

CONCLUSION

It is widely discussed that production shortfalls, low stock files in major food producing
and consuming countries, price volatility, climatic vagaries and trade disruption would
check the stability and sustainability of the agricultural sector including agro industries.
The food crisis in 2008 created a number of socioeconomic and political confusions in
many parts of the word, especially in developing countries. Agro industry would
prosper, if the entire agricultural sector performs well. As opposed to policy-driven as it
was in the past, agricultural sector virtually anywhere in the world is turning into
market-driven sector, so that the sector is susceptible for regular fluctuations in
production, distribution, consumption among different geopolitical areas in the world.

Agriculture has been the oldest vocation in all societies since time immemorial; it is still
the centre of gravity of livelihoods, culture, social values, and politics in many
countries. Allocation of resources for agriculture (cultivation, harvesting, packaging,
transporting, storage, marketing and agro industry), policy designing and policy
implementation have been engulfed with chronic and complicated problems at regional,
national and global level. A sustainable agricultural setup is essential to maintain the
medium and long-term delicate socioeconomic equilibrium the world.
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ABSTRACT

My interest has been focusing on trends and prospects on precision agriculture (PA) in a
point of view of Asian countries during the years. This time focuses on a risk
management approach of GAP, that is, good agricultural practices which are well
organized into the GLOBAL GA.P. structure. A key issue is the one-step-up and
one-step-down strategy which offers the traceable farm management with recording.
Practice of precision agriculture implies evidence-based farm management using
spatio-temporal variability records in cultivation, resulted in information-oriented fields
and information-added produce. Both strategies of precision agriculture and GLOBAL
G.A.P. can be embedded in a single action of farm management. This paper was
presented at the 5th ACPA, Korea.

Keywords: traceability, evidence-based, management, technology package

INTRODUCTION

A short review found phrases on community-based and small farms at the executive
meeting in Suwon 2003, on-going practices by learning groups at the 1st ACPA in
Toyohashi 2005, branded-produce strategy at the 2nd ACPA in Pyeongtaek 2007,
thinking process in decision at the 3rd ACPA in Beijing 2009, and at the 4th ACPA in
Obihiro 2011 an agro-wisdom robotics strategy (Shibusawa 2004, 2011). The issues
above have been partly implemented in public-funded projects for research or business
purposes.

On the other hand dangerous works have been existed in agriculture with 400 victims
by farm work accidents every year, followed by food safety issues and environment
issues, in addition to restoring projects from the East-Japan catastrophe (Shibusawa
2012a). This has led us to concentrate into a strategy of agro-architecture which is
implying the re-construction of all of the agriculture. One of the keen issues is a risk
management approach of GAP good agricultural practice. The GLOBAL G A. P.
statement is a worldwide farm management strategy of integrated farm assurance, food
safety practice HACCP-based, cost of compliance, and integrity of farm assurance. The
one-step-up and -down strategy offers a key protocol of traceable farm management
(Baerdemaeker 2012). The GLOBAL G. A. P. rules should be implemented while taking
account local legislation into. The G. A. P. growers have to find best collaborators from
a pool of suppliers, wholesalers and retailers to create best food chains.
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In 2010 Japan had a package of domestic regulations as a guideline for G. A. P.
promotion, which was a table of control points and critical compliance on food safety,
environmental conservation and workers protection, administrated by Agricultural
Production Bureau, Ministry of Agriculture, Fishery and Forestry. The guideline covers
all crops of fresh vegetables, rice edible, wheat edible, fruits edible, tea, forage crops,
other edible crops, other non-edible crops, and mushrooms, except for livestock farming
and aquaculture(Shibusawa 2012b).

Recording is the fundamental action of the G. A. P. Everybody knows that precision
agriculture involves evidence-based farm management accompanied with records on
cultivation, resulted in information-oriented fields and information-added produce. This
is why this article will discuss on matching between the G. A. P. and PA.

A.Two Faces Of Good Agricultural Practice

The FAO COAG 2003 GAP paper stated that Good Agricultural Practices (G.A.P.) are
practices that address environmental, economic and social sustainability for on-farm
processes, and result in safe and quality food and non-food agricultural products. On the
other hand precision agriculture (PA) provides a thinking process such as (1) describing
the facts and evidence with spatio-temporal coordinates to understand the variability of
the field, (2) making decision and action in correct time and location, (3) recording the
results of actions, and (4) reviewing the approaches, followed by field-base GIS. It is
easy to combine the G A.P. strategy and precision agriculture approach, as shown in Fig.
1. The PA approach provides the information on profit and risks to farmers and the GAP
strategy provides compliance to retailers from the single action of evidence-based farm
management.

Farmers or suppliers Profit & Risks

e =

PA Approach Farm Work

< Agricultural Practice & Management >

Products GAP Code

Price & Risks Retailers or Consumers

Figure 1. Two faces of farm practices
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Inhabitants’ reliability Consumers’ reliability
Information-oriented Information-added
fields products
Farmer ID Soil map
Field ID [ ._ ] Yield map
Product ID Field-level IS Disease map
History Weed map
Quality Environment
Contents Cost map

GOAL:
Profitability
Environment
Productivity
Generation

[ Step 3: Tr'gce the action.
[ Step 4: Review the action.

Step 2: Make a context on
decision for farm work.

)

Figure 2. Traceable Farm Management of Precision Agriculture.

Step 1: Describe the
evidence of the field.

B. Actions In Precision Agriculture

1. Recording

What is a merit when precision agriculture is introduced? Depending on country or
cultivating crops, though one reply is what the actions create information-oriented fields
and information-added products by logical process of traceability (Fig. 2).

The recording creates a field-level GIS of big size data which is applicable to decision
support of farmers. McCown (2005) reported that a number of decision support systems
developed were not used in farmer’s practice but used as a learning tool. He also
emphasized the differences between objective knowledge embedded in a decision
support system and the subjective knowledge which normally guides the actions of
farmers in familiar situations, local, personal, and social environment. Consequently
who makes decision is an important factor for the GIS application.

2. Community-Based

Managing the hierarchical variability: within- and between-field, and among-farmers
variability leads us to organize a learning group of wisdom farmers and a technology
platform of companies under rural constraints (Shibusawa 2004). An agricultural
corporation, Aguri Co., Ltd., has experienced a new scheme of precision paddy
management. With the data collected from the fields with more than 5-year organic
management using the real-time soil sensor, they have kept quality and yields of
production, in addition to increases in total carbon and total nitrogen of soil. The
produce is all sold by direct contract to customers and the fertilizer was made from
organic city garbage. A lot of paddy fields have been rented from neighboring aged
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formers. With this context AGURI is conducting Carbon-farming (Shibusawa et al.
2012).

Growers |||

Transportation Suppluers Transpor"ra'hon

Refallers

Wholesale i J Super' Mar'ket ]
.

Market

Processing h [ Cooking Places ]
Factory ' fﬂzﬂ
G.A.P. HACCP SGQF
(EV) (Ls) (LUs)

Figure 4. History-Losing Points in Food Chain.

3. Responsibility Of Food Chain

When precision agriculture and G.A.P. strategy is introduced, the traceability is
performed on the farm. If consumers request the traceable produce to the PA growers,
they have to also ask all stakeholders of the food chain for keeping risk management on
every step, since there are many control points of food chain as shown in Fig. 4.

Aged growers offer to manage their

paddy fields Direct Sale & Contract

Soil Sensing & Mapping
50 ha, 600 small fields

poultry manure, etc.

Figure 3. Sustainable Paddy Management towards Carbon Farming by AGURI co
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C. Structure Of Global G.A.P.

1. Good Practices
Three terms are introduced here: GLOBAL G.A.P., HACCP and SQF.

a. GLOBAL.GA.P.
The introductory statement of GLOBAL G.A.P. says as follow:

(1) GLOBALG.A.P. is a private sector body to set out voluntary standards for the
certificate of agricultural (including Aquaculture) products around the globe.

(2) GLOBALGAP is a global scheme and a reference for Good Agricultural Practice (G.
A. P.), which is managed by the GLOBALGAP Secretariat.

(3) FoodPLUS GmbH a non-profit industry owned and governed organization, legally
represents the GLOBALGAP Secretariat.

(4) GLOBALGAP is an equal partnership of agricultural producers and retailers that
want to establish certification standards and procedures for the Good Agricultural
Practices.

(5) GLOBALGAP provides the standards and framework for independent, recognized
third party certification on farm production processes based on EN45011 or
ISO/IEC Guide 65.

(6) GLOBALGAP Integrated Farm Assurance standards is a pre-farm gate standard that
covers the whole agricultural production process of the certified product from
before the plant in the ground (origin and production material control points) or
from when the animal enters the production process to non-processed and product
(no processing, manufacturing or slaughtering is covered). The objective of
GLOBALGAP certification is to form part of the verification of Good Practices
along the whole production chain.

(7) GLOBALGAP is a business-to-business tool and is therefore not directly visible to
the final consumers.

(8) The GLOBALGAP logo and Trademark have restricted use.

b. HACCP

HACCP stands for Hazard Analysis and Critical Control Point required for
implementing 1SO 22000 or SQF Food Safety Management System. HACCP is based
on seven principles: (1) Conduct a Hazard Analysis, (2) Identify the Critical Control
Points, (3) Establish Critical Limits, (4) Establish Monitoring Procedures, (5) Establish
Corrective Actions, (6) Establish Record Keeping Procedures, (7) Establish Verification
Procedures.

c. SQF

SQF is recognized by retailers and foodservice providers worldwide who require a
rigorous, credible food safety management system. Using the SQF certification program
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will help reduce assessment inconsistencies and costs of multiple assessment standards.
The SQF Program is recognized by the Global Food Safety Initiative (GFSI).

The SQF institute has also given a definition of G.A.P. as Good Agricultural Practices
means practices on farms which define the essential elements for the development of the
best practice for production, incorporating integrated crop management, integrated pest
management, and the integrated agricultural hygiene.

D. Structure Of Global G.A.P.

The mission and the decision making system of the GLOBAL G.A.P. was illustrated in
Fig. 5. GLOBALGAP must always be implemented while taking local legislation into
account. It is stated in the normative documents that relevant local legislation takes
precedence over GLOBALGAP. There are also specific reference to local legislation in
several Control Points and Compliance Criteria. National Technical Working Group has
responsibility for the issues. The control points and the GLOBAL G.A.P. system are also
illustrated in Fig. 6.

Mission

> “Globally connect farmers and brand owners in the production and
marketing of safe food to provide assurance for consumers.

» the protection of scarce resources by the implementation of Good
Agricultural Practices for a sustainable future.”

INTEGRITY SURVAILLANCE
COMMITTEE

CIRTIFICATION BODY
COMMITTEE

apte
0%

NATIONAL TECHNICAL / wé STAKEHOLDERS
WORKING GROUPS COMMITTEE

//
V
Ve

TEWCHNICAL COMMITTEES
CROPS LIVESTOCKS AQUA-CULTURE

Figure 5. Mission and Decision Making System of GLOBALG.A.P
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ALL FARM BASE MODULE

AF1 SITE HISTORY AND SITE MANAGEMENT

AF2 RECORD KEEPING AND INTERNAL SELF-
ASSESSMENT/INTERNAL INSPECTION

AF3 WORKERS HEALTH, SAFETY AND WELFARE

AF4 SUBCONTRACTORS

AF5 WASTE AND POLLUTION MANAGEMENT,
RECYCLING AND RE-USE

AF6 ENVIRONMENT AND CONSERVATION

AF7 COMPLAINTS

AF8 RECALL/WITHDRAWAL PROCEDURE

AF9 FOOD DEFENSE (not applicable for Flowers and
Ornamentals)

AF10 GLOBALG.A.PGLOBALG.A.P. STATUS

AF11 LOGO USE

AF12 TRACEABILITY AND SEGREGATION obligatory
when producer is registered for Parallel
Production/Parallel Ownership

ANNEX AF1. GUIDELINE RISK ASSESSMENT —

Sakae Shibusawa

—— | CROPS BASE (CB)

CB.1 TRACEABILITY

CB.2 PROPAGATION MATERIAL

CB.3 SITE HISTORY AND MANAGEMENT
CB.4 SOIL MANAGEMENT

CB.5 FERTILISER USE

CB.6 IRRIGATION/FERTIGATION

CB.7 INTEGRATED PEST MANAGEMENT
CB.8 PLANT PROTECTION PRODUCTS
CB.9 EQUIPMENT

—— [ LIVESTOCK BASE (LV) |

COMPOUND FEED MANUFACTURING STANDARD
1 OFFICIAL APPROVAL

2 WORKERS HEALTH, SAFETY AND WELFARE

3 QUALITY MANAGEMENT SYSTEM - HACCP

4 INTERNAL AUDITS

5 FEED INGREDIENTS MANAGEMENT

6 STORAGE FACILITIES ON SITE

GENERAL
ANNEX AF2. GUIDELINE RISK ASSESSMENT — SITE 7 PROCESSING
MANAGEMENT 8 FINISHED FEED TRANSPORT AND LOADING
9 SITE HYGIENE AND MANAGEMENT
AQUACULTURE MODULE (AB) | 10 QUALITY CONTROL OF FINISHED FEED
- 11 INGREDIENTS DECLARATION
AB.1 Site Management 12 COMPLAINTS
AB.2 Reproduction 13 DOCUMENTATION ON TRACEABILITY

AB.3 Chemicals

AB.4 Occupational Health and Safety

AB.5 Fish Welfare, Management and Husbandry
AB.6 Harvesting

AB.7 Sampling and Testing

AB.8 Feed Management

AB.9 Pest Control

AB.10 Environmental and Biodiversity Management
AB.11 Water Usage and Disposal

AB.12 Post Harvest — Mass Balance and Traceability
AB.13 Post Harvest — Operations

AB.14 Social Criteria

Figure 6. Control Points and Structure of the GLOBALG.A.P. system

14 ANIMAL PROTEIN
15 RESPONSIBLE USE OF NATURAL RESOURCES

CONCLUSIONS

Good Agricultural Practices are implemented by practices in precision agriculture.
Technology development should meet the need of strategies of both G.A.P. and PA.
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ABSTRACT

West Asia and North Africa (WANA) Region is characterized by high population
growth, degraded and fragile natural ecosystems as consequences of climate change.
Exploitation of non- conventional resources such as agriculture wastes or residues (all
field crops and agro- industrial by—products) for economic agricultural and industrial
products is increasingly needed. Many countries have realized, in the last decade, the
advantages of agricultural residues (AGR) on the economy, industry and environment.
This article aims at casting lights on potential management and usages of common
agriculture residues (wastes) in WANA region. It focuses on identification of potential
AR and common utilization technologies. Constraints and strategies for management
and utilization are also discussed. More than 440 million tons of AGR (on dry weight
basis) are produced in the region. Its quantities, types and technologies varied among
the WANA countries. Most of AGR are either burned or utilized in an inefficient way ,
mainly as animal feeds and composting. Scientists and decision makers have expressed
their interest in using such materials to produce industrial and agricultural products. At
least ten main technologies for AGR utilization were identified. Fully exploitation of
AGR would be expected to foster the development of small scale agro-industries, create
new job opportunities, and provide new arable lands in addition keeping the
environment clean and unpolluted. In conclusion, agriculture residues have to be
considered as valuable renewable materials since many privileges could be achieved
through proper management and utilization technologies.

Keywords: agriculture residues, feeds, food, compost, renewable energy

INTRODUCTION

West Asia and North Africa (WANA) Region is characterized by high population
growth and erratic weather conditions, limited area of arable lands, with fragile natural
resources base for agriculture and acute water shortage at present. Agriculture plays an
important role in the economies of most of the countries. Despite the fact that WANA
region is the most water-scarce and dry region worldwide, many countries across the
region are highly dependent on agriculture. Large quantities of agriculture residues(
AGR) such as field crop residues and agro- industrial by- products are produced
annually and are vastly underutilized. The need for food to cope with the increased
population, the limited and exhausted available lands and climate change impact
necessitate a rational utilization of such AGR. On the other hands, many countries in the
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region are suffering from shortage of raw materials which are very necessary for
agriculture and industrial purposes. Such renewable materials could be generated from
recycling of AGR. For instances, utilization of AGR as compost may contribute to
expansion of arable lands through its use for reclamation of soil, and reduce irrigation
requirements ( EI-Shimi et al 1992 & Sadik et al 2010). Moreover, when AGR are used
as animal feeds, it will improve animal production and decrease the cost of animal
products ( El Shaer 2004 and Al Tonobey & El Shaer 2010 ). A recent study conducted
by FAO/RNE (2007) on agricultural residues in the region revealed that there is more
than 440 million ton of AGR on dry matter weight basis. Pakistan, Turkey, Iran and
Egypt have the highest AGR available in the Region. The same study reported that the
total amount of AGR available in the whole Arab world amounts to 155 million tons
representing 35% of the total AGR in the Region. Egypt produces the highest AGR in
the Arab world. However, most of these residues are not fully explored ; AGR is either
burned in the field or utilized humbly for animal feeds, charcoal and composting
production (Abdel-Maksoud 1999 & El Shaer 2004). AGR could have an important role
in bridging the food gap in many WANA countries when is fully exploited. AGR
potentially could be utilized for several agriculture and industrial materials production
in rural and peri-urban areas (Wadhwa et al 2013). The paper focuses on classification,
advantages, general constraints of AGR utilization and common technologies for
utilization. The proposed strategies for utilization of AGR are, also, briefed.

AGRICULTURAL RESIDUES DEFINITION AND CLASSIFICATION

Agricultural residues are the secondary product of most of agricultural activities such as
vegetative parts left after harvesting vegetables, fruit tree pruning and wastes from food
processing and agro-industries plants which include; stalks, stovers, straws, bagasse, or
beet molasses, hulls, oil filtered cakes, fruit and vegetable residues, and fruit trees
pruning, date palm and date residues, in addition to agro-industries wastes such as
tomato and potato wastes, rice bran, hulls, husks, and cotton seeds.

AGR may be classified differently according to the source of their extraction as follows:

1. Fields and gardens (e.g. residues of field crops and products of pruning of fruit trees)

2. Food and agro-industrial wastes (including agricultural fiber processing plants;
bagasse in sugar mills, tomato and potato wastes, rice hulls and husks and cotton
seeds extraction and other oil processing plants, etc).

3. Fruit and vegetable markets (refused low quality of fruits and vegetables).

4. Municipal wastes; house hold, restaurants and hotel organic residues.

The concerned AGR in this article include: field crops, fruit residues (pruning,
harvesting, processing, packing, etc), landscaping residues and agro-industrial wastes.

A. Advantages and Significance of The Utilization of Agricultural Residues:

It is worth mentioning that recent concerns about increased cost and reduced availability
of fossil fuels, feed, food and other raw materials, improved human nutrition, and
environmental degradation have prompted scientists to re-evaluate the current
agricultural by products management and utilization. The awareness of the economic
value of AGR is increasing nowadays all over the world.
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The benefits that can be derived from the utilization of agricultural residues would be:

1. Provide opportunity for new clean environment friendly source of energy

2.  Fostering organic agriculture thus promote agriculture products exportation.

3. Reduce lands used for fodder production, thus provide more land for food
production.

4. Creation of new small agro-industries in the rural and peri-urban areas.

Utilization of the available AGR for fiber board woods production instead of

importing wood from abroad.

6. Creation of new job opportunities particularly for women in the rural areas.

7. Reducing the costs of animal and poultry feedstuffs thus increasing animal and
poultry products at reasonable prices.

8. Manufacture of bio-fertilizers at economic costs.

e

The significances of agricultural residues could be briefed in the following points:

1. They are available in most rural areas which means that all local communities have
their own share in these residues and future activities.

2. AGR are annually renewable material resources and are reasonably cheap.

AGR are easily accessible; don’t need sophisticated equipments for their extraction.

4. There is a base for innovative technologies for AGR utilization stemmed from the
familiarity with accumulated knowledge and technical heritage on available AGR.

5. The economic use of AGR preserves the environment by eliminating the use of
pesticides to combat against rodents, and pests (e.g., cotton pink worm).

6. Attention of public, private sectors and research institutions to AGR could inspire
the innovation and development of endogenous knowledge of local communities.

(O8]

B. Economic Return Of Investment In AGR Utilization

Burning waste field crops is one of the main causes of environmental pollution. Such
problems should be alleviated by raising economic interest in the recycling of these
“waste” materials to generate extra income for the farmers. By demonstrating the added
economic benefits of utilizing agriculture waste materials, economic modernization and
diversification could be promoted to reduce poverty by offering an added income-
earning opportunity to local farmers. However, utilization of such AGR materials
should reduce the need to import more expensive food, feed, bio-feul and building
materials(Abo-Hegazi,2004). The economic and environmental benefits derived from
recycling and utilization of AGR can help to offset high costs of fuel, fertilizers, animal
feeds, etc, in addition to alleviating the pollution problems. These economic benefits
could show a promising approach for recycling AGR. However, as mentioned
previously, several commodities or products would be generated from different models
of AGR utilization such as: compost, clean energy animal and poultry feed,
food(mushroom), wood, charcoal, active carbon, ethanol, bakers and fodder yeasts and
CO2 and other chemicals, bales of straw for building, paper pulp, substitute for cement
in building operations(Abdel-Maksoud 1999& El Shaer 2004 & Hamdi 2004&
Wadhwa et al 2013). The economic return of investments in AGR utilization is varied
and depending on the type of AGR conversion and its products . Results showed that for
every one Egyptian Pound ( LE) invested in compost, 2.8 LE are gained. In case of
biogas, every one pound invested gained 3.15 LE. For silage, every pound invested
gained 20 — 28 LE (Abdel-Maksoud 1999).
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C. Technologies & Utilization Of Agricultural Residues:

At Least ten main technologies for utilization of agricultural residues have been
identified in WANA region. They are used at different stages of development, i.e. some
technologies are developed and applied, others are at a pilot stage and some are still
under R&D ( Hamdi 2004). The most important and common ones are:

Fodder usage; feed blocks, silage, biological treated feed materials.
Composting with conventional and organic products.

Mushroom production

Fuel and energy (charcoal, electricity, biogas).

Structural use (roofing, walls, building material, gypsum- fiber- boards)
Industrial materials: used in construction and wood working industries.
Chemical industrial producing products substituting wood and/or plastics (fiber
board, pulp, wood plastic composites, fiber —reinforced plastics, bioplastics).
8. Furniture items, interior fittings and parquet.

9. Light goods and utensils (stationary items, packing material and packages
10. Fermentation products (yeast, ethanol, vinegar ...etc)

NNk W=

The most beneficial technologies for AGR utilization could be summarized as follows:

1. Utilizing Rice Straw Or Rice Husks For Manufacturing Bricks

Various percentages of mixture of either loam and sand or cement and sand were
utilized for producing bricks after the addition of variable amounts of 1-2 mm in length
of rice straw or rice husks then dried. Some of resulted bricks of loam (Tafla) were
burned to produce burned (or red) bricks while bricks of the cement were kept without
burning (Gomaa et al 1998 & Abo-Hegazi 2004). The bricks included rice waste were
in good quality; seemed to be more lighter weight than that of non waste addition.

2. Production of Silica Gel

Production of silica gel silicates from the rice hulls and straws are very promising. El
Mahdy et al (2004) reported that silica gel has been widely used in edible oil refining
and frying oil treatment as an alternative to caustic soda addition, as pharmaceutical
products, detergents, adhesives, chromatographic techniques and ceramics. The
produced silica gel not only alleviates the problem’s associated with rice hull or straw
disposal but also generates a high profit margin, value added product and creating a
profitable new industry in rural localities in Egypt .

3. Wood Production

Utilization of AGR for the production of woods, as substitutes for the imported wood
would safe millions of Dollars, in addition provides new avenues of the investments.
Wood has some accordance in chemical analysis with some AGR. For instances, Abo-
Hegazi (2004) reported that that rice straw contain from 46-59% cellulose, 11-15%
lignin, 21-25% pentosan but that of wheat contain 48%-57% cellulose, 16-17% lignin,
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28% pentosan' and barley straw contains 44-49% cellulose, 16-19% lignin, 23%-32%
pentosan. Bagasse content of the same materials are: 46%, 20% and 25%, respectively.
Corn stalks contains 38%, 34% and 20% from the same materials respectively. Wood,
in general, contains approximately 58-67% cellulose, 20-34% lignin and 11-27%
pentosan. Panel board, MDF and HDF woods can be produces by getting rid of some
substances (such as leaves which have a very low content of cell fibers and a high
content of silicates),then appropriate binders and small amounts of additives such as
paraffin wax combined with pressure under heating followed by trimming of the
resulted boards (Abo-Hegazi 2004). Properties of MDF and HDF were almost similar
to that originated from wood-wastes or bagasse.

4. Organic Growing Media Production

The use of compacted rice straw bales as an organic growing media in green houses and
open field production is a new approach in the region. It has been developed to control
soil born pests and diseases as well as weeds instead of methyl bromide. Green house
trials were successfully carried out using this technique to produce better fruit quality
and higher yields of cucumber, pepper cantaloupe and strawberries. The application of
these methods in open field provides the opportunity in particular for the utilization in
the new agriculture desert areas to produce high quality crops and to promote organic
cultivation. The organic recycled materials could be used as a cultivation media or an
alternative to peat moss that has to be imported (EIl- Shimi et al 1992).

5. Compost Production

Composting is a method of converting AGR into dried, non-odoriferous, through
aerobic bacterial activities, fertilizer. AGR can be composted and used to replace a
significant part of the mineral nitrogen fertilization with nitrogen recovery of 6—22
percent ( ElI- Shimi et al 1992& Sadik et al 2010). Compost provides the plant with
required nutrients and provides the soil with nitrogen, phosphorus and potassium , trace
elements and humus. Compost improves the soil physical and chemical and properties
of the soil. It increases its water holding capacity and the cation exchange capacity as
well (Sadik et al 2010). The long-term compost applications improved the nitrogen
status of the soil over the years (Tits et al 2012).

6. Bio-Ethanol

Recently bio-ethanol is a world demand to overcome the depletion of fossil fuels and
their ever increasing prices. In addition, it minimizes the global warming, creates job
and increases welfare for the rural community through a better life style. Ethanol is an
oxygenated fuel that contains 35% oxygen, which reduces NOx emissions from
combustion(Hamdi & Wafaa M. Amer, 2007). They also pointed out that some of AGR
resources can either be used directly as an untreated material for microbial growth or be
used by appropriate treatment with enzymes for bioenergy production. The products
generated from perishable wastes can be in liquid or gaseous forms of biofuels.
Amongst various wastes used for ethanol production, potato peels, apple pomace, waste
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apples (Tahir and Sarwar, 2012), banana peel, banana waste, beet waste, beet pomace
and peach wastes have shown encouraging results(Dhabekar and Chandak 2010).

7. Bio-Gas

Bio-gas is the result of microbial degradation of lignocelluloses materials (i.e.,
agriculture residues, animal excreta, mushroom spent, etc.) under anaerobic conditions
in a liquid medium. Many systems have been developed to produce bio-gas such as the
Chinese and Indian models. Small and large scale digesters made of polyethylene have
been developed.The main product is bio-gas which is used for heat, cooking, light
and/or electricity generation in rural areas. Another product is the slurry which contains
sludge that could be dried and pulverized and used as a soil fertilizer ( El- Shimi et al
1992) or could be used as a part of feed ingredients at a ratio of 30% for small
ruminants (El Shaer 1994). Bio-gas manure is free from the offensive odour normally
associated with manure pits/heaps. Bio-gas can be used to power internal combustion
engines and to substitute for diesel oil in small electric generators.

8. Charcoal production

Charcoal is a carbonaceous solid with a fixed carbon content of 70% or more. It is
usually manufactured from hardwoods or other dense biomass by pyrolysis. Charcoal is
used as a fuel for heating and barbecue. It is also employed as a reductant for metal ores
and other industrial purposes. In the developed countries efficient processes are
employed for charcoal production in big industrial kilns, retorts and portable steel kilns.
Meanwhile in the developing world inefficient processes are widely used for charcoal
production( Gomaa et al 1998). Because of pollution associated with the inefficient
conversion of biomass to charcoal, this charcoal fuel cycle is among the most
greenhouse-gas intensive energy source employed by mankind. Traditionally, in Egypt
such inefficient process is widely spread in the rural areas. A new efficient and
developed process is highly recommended for solving such problems( Gomaa 2004).

9. Mushroom Production

Straws, wood and animal manure have been used for mushroom production. Mushroom
has is very nutritious food ingredient which high protein content on a dry weight basis
as compared with other food ( El -Shimi 2004). Major mushroom varieties are Agaricus
(button mushroom), heat-loving mushroom Volvariella volvacea (straw mushroom) and
Pleurotus sajor-caju (oyster mushroom). The two latter mushrooms can grow on AGR
and do not require strict controlled growing conditions (ElI-Nawawy 1998). Hassan
(2000) reported that mushrooms( P. ostreatus and A.bisporus) protein contain all
essential amino acids totaling 26- 28 g/ 100g protein. The limiting amino acids in
mushrooms are methionine and cystin, while lysine is the dominant amino acids in
almost mushroom types , thus mushrooms considered ideal supplement for other lysine
—deficit protein such as cereal protein(Hassan 2000).The spent is the major residues of
mushroom production; it is the material remaining after harvesting mushroom that can
be used for : 1) Upgrading animal feed , 2) A substrate to generate biogas, 3)A substrate
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for paper manufacture, 4) A substrate for Agaricus mushroom and 5)A substrate to
increase soil fertility due to humic and folic acids content.

10. Animal and Poultry Feed Production

Most of AGR are considered good quality feeds since it might be offered to animals
directly or after especial processing methods to improve their utilization and economic
value. Green AGR can be directly fed to animals. Dried residues, e.g., hulls of rice, faba
beans, lentils, soybean, ground nuts, cotton seed, and sunflower seeds can be added at
the rate of 5 % of the ration of livestock(El Shaer 2004). Pulverized straws of wheat,
sugar cane, maize, all vegetable and fruit residues are also used as feed; wheat bran can
be used up to 20 % safely. Some AGR should be treated before feeding. However,
approaches for improving AGR feeding value can be summarized as follows:

a) Physical and mechanical methods such as grinding, crashing and pelleting,

b) Chemical methods as alkali hydrolysis or ammonia or urea treatments, etc.,

¢) Biological methods (fungi, bacteria) or anaerobic fermentation method (ensiling),
d) The use of substances which regulate the ruminal digestive processes,

e) Feed block processing method, and F) Combinations of the above.

However, the treatments used for upgrading the quality of the AGR as feed materials
and the research approaches need to consider the potentiality of adoption by the farmers.

The most common processing method in WANA region are :

a. Silage: Silage is an anaerobic fermentation process where fresh AGR would be
ensiled with other feed ingredients in a silo. The ensiling process has many
advantages, mainly: to improve the nutritive value and consumption of the ensiled
materials as well as save this feed for critical time, particularly during the feed
shortage(Badurdeen et al 1994 and Ben Salem & Nefzaoui 2003). For instances,
ensiling rice straw (whether treated or not) with berseem  (Trifolium
alexandirnium) resulted in a clear improvement in the performance and daily live
weight gain of fattening sheep (EI Shaer et al 1992 & El Shaer 2004).

b. Ammoniation with ammonia or urea : Ammoniation of AGR with ammonia or
urea is an important process to increase the protein contents and to improve the feed
consumption and nutritive values of agriculture residues, in particular the crop
residues (Sansoucy 1986 and Kakkar & Sukhvir 1993. The reaction must take
place in a closed environment, it may take 8 weeks in winter and less in summer (
El Shaer 2004).

c. Feed blocks : Feed blocks are a solidified mixture of agro-industrial by —products
and other field crops mixed with some other feed ingredients. They are considered
as catalyst supplement allowing balanced supply of nutrients, e.g, energy, nitrogen,
minerals and vitamins(Sudana & Leng 1986 and Salman 2004 ). The majority of
fruit and vegetable wastes like tomato pomace, bottle gourd pomace, citrus pulp,
carrot pulp, baby corn husk and forage, cabbage and pea pods, pineapple waste,
olive cake, date seeds and pineapple bran, etc. are highly fermentable and
perishable, mainly because of high moisture, total soluble sugars and crude protein
contents. There are no standard formulas for blocks, since ingredients choice is
related to available substrates and local means of farmers. Nevertheless, some
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specific characteristics of ingredients are to be considered in relation to their
respective roles. In most cases, blocks include urea, molasses, a binding agent
(cement, clay, lime), a fibrous substrate and salt. Minerals, some other by-products,
drugs, vitamins are sometimes added((Ben Salem & Nefzaoui 2003 and El Shaer
2004).

d. Physical and dehydration treatments: Grinding and/or pelleting and dehydration
lead to a reduction in particle size and density. Associated with these changes, an
increase in voluntary intake, a reduction in digestibility and increase in the
efficiency of the utilization of metabolizable energy are obtained. Grinding led to
an increase of 25% in voluntary intake, of 98% in daily live weight gain and of
36% improvement in conversion efficiency(El Shaer et al 1994& El Shaer 2004). A
study was conducted, in KSA, to evaluate the effect of dehydration treatments of
five types of AGR, as feeds, on chemical and microbiological analysis and
nutritive value ( Al Tonobey & El Shaer 2010). These materials were namely: 1-
Landscape mowing grasses (LMG), 2- Mixed ornamental plants residues (MOPR) ,
3- Olive trees pruning (OTP), 4-Citrus tree pruning (CTP), 5-Date trees pruning(
DTP), 6- Horse stable grasses residues (HSGR) and 7- Green houses by- products
(GHBP). The results indicated that all AGR feed ingredients appeared to be
nutritious since they contained enough concentration of nutrients to cover animal
nutritional requirements. Crude protein content varied among the feed ingredients
and ranged from 6.53% (CTP) to 19.77 % (LMG). Heating treatment, generally, did
not affect (P>0.05) all nutrients concentration nor microbiological parameters of all
tested feed ingredients. All AGR feed materials were safely fed to animals without
any health hazards and compatible to conventional feeds.

11. Edible oils

The fat in mango seed kernel is a promising source of edible oil , Guava (Psidium
guajava L., Myrtaceae) seeds, usually discarded during processing of juice and pulp,
contain 5-13 % oil rich in essential fatty acids (Adsule & Kadam 1995). The passion
fruit seed oil is rich in unsaturated fatty acids (87.6%) and has free radical scavenging
activity (Cassia et al 2012).

12. Pigments

Tomato peel is a rich source of carotenoids such as lycopene (Knoblich et al 2005). It
may be beneficial in curing cancer, coronary heart disease and other chronic conditions.
The addition of tomato peel to meat products can result in a healthier product due to
both the lycopene and fibre present in this by-product of tomato processing. Carrot
pomace is also a good source of carotenoids (Zhang & Hamauzu, 2004). Anthocyanin
pigments in banana bracts (leaves below calyx) and beet root pulp were evaluated for
their potential application as natural food colorants.

GENERAL CONSTRAINT ENCOUNTERING UTILIZATION OF AGR

The tremendous increase in the quantum and diversity of waste materials generated by
human activities has focused the spotlight on waste disposal methods. Generally, the
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greater the economic prosperity and the higher percentage of urban population, the
greater the amount of waste produced. Reduction in the volume and mass of wastes is a
crucial issue due to limited availability of final disposal sites in almost all parts of the
world. There is, no doubt, an obvious need to reduce, reuse and recycle AGR to solve
such problems. Several problems that could limit the utilization of AGR such as:

1. Bulkiness of by-products, seasonal availability of AGR and their availability in
scattered areas which make its collection and transportation cumbersome.

2. Poor infrastructure and high cost of transportation.

Lack of database about quantities seasonality, availability, location, type of AGR
and method of utilization and institution involved

(98}

Lack of research programmes and strategies for utilization of these residues.

Lack of experience in a special AGR utilization technology.

Lack of cooperation between local institutions and communities in a country on one
hand and industry and research base specialized in AGR utilization on other hand.
Lack of cooperation between countries which permits transfer of information and
technologies from one country to the other.

8. In-adequate national scientific R&D to generate technologies of AGR utilization to
be adopted.

SN

~

PROPOSED STRATEGIES FOR AGR UTILIZATION IN WANA REGION

There is a necessity to workout a strategy at national and regional levels to foster the
utilization of AGR and to encourage the collaboration of the leading countries for better
utilization. The following elements may help in developing the strategies required:

1. Transfer and implement existing technologies of AGR utilization from leading
countries where the technology is established.

2. Strengthening the existing centers in each country to build in scientific and
technological capabilities for utilization of AGR .through three approaches:

a. Dissemination of established technologies among private sector and training
concerned personnel in AGR availability and utilization

b. Increase public awareness about utilization of AGR handling and utilization.

c. Establish web site for AGR production, consumption and utilization.

3. The governments should adopt short, medium and long term policies to ensure
sustainability of AGR utilization.

4. Establishment of data base for AGR to compile information on AGR available;
quantities, type, seasons and current methods of utilization and disposal, institution
involved in R&D and those engaged in implementation.

5. Facing and solving constraints in utilization of AGR in rural areas in the region.

CONCLUSIONS

With urbanization and introduction of modern facilities, agricultural residues start to
accumulate beyond the farmer’s capacity to be utilized. These residues represent a part
of great investments made in agricultural activities, in terms of capital, water and human
effort. Agricultural residues should be considered as an additional (secondary) product
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of agricultural activity: a wealth of lignocelluloses materials that could provide the
material base of a new industrial revolution that could emerge from rural areas in the
developing countries, in particular WANA region countries. The rediscovery of
agricultural residues as local cheap renewable materials should inspire imagination and
innovations for the development of local communities and building of endogenous
scientific and technical capabilities along the path of applied research on the industrial
use of these materials.
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ABSTRACT

Indonesia is the world citrus producer with more than two hundreds varieties of citrus.
Most of citrus orchards have been destroyed by Citrus vein phloem degeneration
(CVPD). CVPD is the most impediment disease in citrus production in the world. It
mainly vectored by Diaphorina citri Kuwayama. Intensive application of insecticides
was ineffective and also costly. Comprehensive strategy for reducing CVPD is being
conducted and evaluated by the integration of planting disease free trees, and
controlling disease vector (D. citri). The vector control consists of guava intercropping,
alternative host sanitation, planting area isolation, and mineral oil application. The
strategy would decrease the infection of CVPD by reducing the inoculums titer,
eliminating contacts between disease inoculums with the vector, and decreasing
infective vector population.

Keywords: Citrus, disease free trees, D. citri, guava intercropping, mineral oils

INTRUDUCTION

Indonesia is currently the second world citrus producer after China with more than 210
varieties of citrus. The citrus production in 1995 was 143,059 ton, and it decreased to
91,469 ton in 1996. The production increased into 696,422 ton in 1997 and decreased
sharply into 449, 552 ton in 1999. Recently, citrus production in Indonesia has
developed rapidly. In 2007, the production increased to 2,625,884 ton. In 2008, the
production decreased again into 2,467,632 ton and in 2010 were 2,032,665 ton due to
the orchard extension. However, the production dropped again into 1,611,784 ton in
2012 (BPS, 2013). Fluctuation on citrus production was mainly caused by Citrus vein
phloem degeneration (CVPD). The disease caused 50 million citrus trees lost both in South Asia
and South East Asia (Gonzales, 1987). CVPD was first reported in Indonesia in 1964
(Semangun, 1991). Severe epidemics of the disease occurred in the 1960s, especially in
Java and Sumatera where at least 3 million trees were destroyed. It was informed that
the disease has destroyed 9 million out of 42.8 million total citrus-trees in Indonesia in
1990, with economic loss was about 35 billion rupiah per year (Nurhadi, 1991). Many
highly productive plantations where yields were 20 ton per ha decreased sharply into
8.6-15 ton per ha per annum (Irawan et al., 2003). A citrus rehabilitation program based
on the synthetic pesticide approach to eradicate vector and disease was initiated in the
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mid 1980s. However, the citrus trees in Indonesia have not been free of CVPD (Bove et
al., 2006). CVPD continues to be the major impediment to citriculture in Indonesia.
Currently, green agriculture approach started to be applied to reduce CVPD incident
instead of synthetic pesticide. Green agriculture is agricultural practices that are
involved the “green technology” in the production. It is considering of biological
diversity; is keeping harmony and unity of nature and economy during the course of
agricultural development; and is producing of pollution-free and nuisance-free products
(Zhongdong, 2002).

A. CVPD

CVPD, also recognised as Huanglongbing or greening disease, was firstly found and
produced a serious problem in the Chaozhou/Shantou region of Guangdong in the mid
1930s (Lin, 1956). The disease epidemic was found in some Asian countries
(Tirtawidjaja et al., 1965; Garnier & Bové, 2000; Weinert et al., 2004), and in the
Arabian Peninsula (Bové & Garnier, 1984). It was also found in Africa, Mauritius and
Réunion (Garnier et al., 1996), United States of America (Florida and Louisiana), Cuba
(Martinez et al., 2008), and Brazil (Teixeira et al., 2005).

At the initial stage trees develop mottle leaves in one or few branches similar to that
caused by the lack of zinc (Dwiastuti et al., 2003). Leaves become smaller and bunchy.
The fruits become bitter and sour and the sugar concentration decreases. CVPD agent is
a fastidious or unculturable Gram-negative bacterium with the proposed name
‘Liberibacter asiaticus’ and ‘Liberibacter africanus’ for Asian and African types,
respectively (Nakashima et al., 1998). The latent period in citrus plants before
symptoms is expressed ranges from four months to one year or more. Once the citrus
plant has been infected, it will die in two to four years (Su & Huang, 1990).

CVPD is not transmitted by seeds, but is naturally transmitted through vegetative
propagation and by insect vector (Subandiyah et al., 2000). ‘Candidatus L. africanus’ is
transmitted by insect vector of Tryoza erytreae while ‘Candidatus L. asiaticus’ and
‘Candidatus L. americanus’ are transmitted by D. citri (Bove, 2006). Only adult
psyllids and the 4-5th instar nymphs are able to acquire the pathogen (Capoor et al.,
1974; Xu et al., 1988). Once the psyllid vector acquires the pathogens, it can transmit
them throughout its life span. However, it cannot transfer the virulence to its progeny
via eggs (Xu et al., 1991; Hung et al., 2004).

B. Control Strategy

The impact of citrus production intensification has led to heavy use of pesticides for
reducing pest populations, and spread of the pest-carrying pathogens. Most emphasis
has been placed on contact and systemic synthetic insecticides to kill insect pest eggs,
nymphs or adults, but use of these and other chemicals merely slow inevitable death of
trees from the pest and disease attack. The negative side-effects relating to the use of
synthetic chemicals include the destruction of predators and parasitoids, rapid
development of resistance to insecticides, resurgences in pest densities, and risks to
farm workers and environmental quality (Westigard et al., 1986). The systemic
insecticide, imidacloprid, is effectively controlled the pest, however the whole part of
plant will contaminated by its active ingredient (Mendel et al., 2000). Infected adult
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psyllids can also transmit the pathogen while acquiring lethal doses of insecticide
(Beattie & Barkley, 2009). Very limited emphasis has been placed on strategies to
reduce feeding, oviposition and ingress of psyllids into orchards by altering the
behaviour of adults. Integrated strategy for controlling CVPD can be developed by
using disease free trees, mineral oil application, guava intercropping, alternative host
sanitation, and planting area isolation. It also contributed in reducing highly poisoned
pesticides contamination in ecosystem, especially in the area of citrus orchards.

1. Disease free trees

Citrus plants that are free from CVPD are the main materials for combating CVPD
infection in new citrus orchard. The main source of grafting materials of Indonesian
citrus is at Tlekung. Varieties are cleaned-up using standard Shoot Tip Grafting (STG)
techniques and regrafted to produce Foundation Blocks (FB) as the primary sources of
budwood. Confirmation of CVPD infection is regularly conducted. The system for the
distribution of virus-free budwood and stocks for FBs to the grower is so long that risks
of reinfection cannot be avoided. Phytosanitary quality in the citrus nursery is the
crucial and critical part in supplying CVPD free trees (Supriyanto & Whittle, 1991).
The citrus orchard will be kept free from CVPD infection by the lack of its inoculums.
Characteristic symptom of CVPD infection was found 29 months after planting of
CVPD free trees. It was due to the infestation of its vector nine months before
(Poerwanto, 2010).

2. Planting area isolation

It had been reported that plant odours (volatile) vary substantially, depending on
species, cultivar, growing conditions, age and plant parts (Takabayashi et al., 1994), and
it plays an important role in host plant selection by herbivorous insects (Bichao et al.,
2005). Establishing new citrus orchard in the isolated area will delay the D. citri
infestation and CVPD infection. It takes longer time for citrus plant odours to be
detected by D. citri and attract its colony to infest. Initial colony of D. citri was found
20 months after planting at new citrus orchard in an isolated area, far from the
established citrus orchard and was surrounded by paddy’s field. Five months more was
needed for the colony of D. citri to colonized 100% citrus plants in one block. The
colonization of D.citri in other blocks started from one plant spread to other plants at
the same block before migrating to other nearby blocks (Poerwanto, 2010). The spread
is very slow because the flight ability of psyllid is limited to 0.5-2 km when searching
for a host; dispersal over 90 km is, or may be, possible in strong winds, such as those
associated with cyclones (Halbert et al., 2008).

3. Alternative host sanitation

The hosts of CVPD agent are not only citrus, but also Catharanthus roseus
(periwinkle), Cuscuta campestris and ornamental plants, such as orange jasmine
(Murraya exotica, Murraya paniculata) also. D. citri colonies are also found on
Murraya paniculata, Murraya exotica, and Bergera koenegii all year round (Tsai et al.,
2002). Four of 16 species of weeds in citrus orchards are able to be the alternative host.

ICGAI, Yogyakarta, INDONESIA, November 12-14, 2013 P - 67



Mofit Eko Poerwanto

There are Alternathera philoeroides, Amaranthus spinosus, Ludwigia perrenis, and
Boerhavia erecta (Hardiastuti & Poerwanto, 2011).

D, citri was able to survive a maximum of eight days with the mean longevity of 5.91 +
0.251 days on the broadleaf weed B. erecta, but was not able to complete one life cycle.
The ability to survive in non host plants indicated the existence of nutrients content in
the weed that resembles its host plant nutrient content or the existence of certain
substances that could stimulate D. citri to stay for feeding (Hardiastuti & Poerwanto,
2011). The substances could be a various compounds of alcohol and aldehyde from the
leaves of which were specific and volatile used by insect to find its host plant (Visser,
1986). However, the type and number of nutrient content was not as complete as in the
host plant for surviving and completing its life cycle. Similar results were also obtained
by Sudiono and Purnomo (2008) in Gemini virus isect vectors (Bemecia tabaci), and
Hardiastono (2001) on Peanut Stripe Virus (PStV). B. tabaci were able to live on
broadleaf weed Ageratum conyzoides. The weeds also serve as a source of inoculum
since they were able to be infected by Gemini virus.

The implications of those survivorships of D. citri in ornamental plants and some weed
species is the presence of alternative host for D. citri when citrus plant is not available
as a food source, either because there are no plants or when plants are treated with
pesticides. The existence of alternative host will cause the population of D. citri is
available throughout the season and serve as initial population for the next generation
population. The role of D. citri as a propagative vector of CVPD pathogen will also
make the disease inoculums always available throughout the season in field (Hardiastuti
and Poerwanto, 2011). Alternative host sanitation could be an effective control
measures against CVPD on citrus plant, since the disease transmission is highly
dependent on the availability of disease inoculums and insect vector population in the
field.

4. Guava intercropping

Based on observations by Vietnamese ACIAR researcher team, it is suggested that
citrus groves intercropped with guava trees was free from D. citri invasion and low
incidence of CVPD-infected trees (Beattie et al., 2006). Certain volatile compounds in
guava leaf could be developed as repellents for citrus psylla. Guava fruits and leaves
produce a wide range of volatile compounds, such as sesquiterpenes (Sagrero-Nieves et
al., 1994; Ogunwande et al., 2003), aldehydes and alcohols (Idstein & Schreier, 1985;
Begum et al., 2004; Soares et al., 2007). Some of these aldehydes and alcohols are the
so called ‘green leaf volatiles’ that have been shown to have repellent effects on insects
(Jang & Light, 1991).

The present study revealed that the repellent action of guava against citrus psylla is
dose-dependent, with very low doses having little effect on citrus psylla. This result
indicates that to control citrus CVPD by intercropped guava trees in citrus groves,
sufficient numbers of guava trees are needed to keep the dosage of volatile compounds
emitted from guava at an effective level in the entire grove (Zaka, et al. 2010). In China,
observations revealed that even in the presence of guava trees scattered inside or around
the groves, citrus psylla populations are high. This could be due to the fact that the
guava trees present did not release enough active volatile compounds (Beattie et al.,
2006). Intercropping guava among the young citrus plants with ratio of guava: citrus
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population is 1:8, resulted no D. citri population and CVPD symptom found in the
orchard, whilst CVPD symptoms (was confirmed with PCR) and 0.4 imago of D. citri
with 0.3 nymph colony and 0.1 egg colony per plant were found in the orchard 100-
1000 meters apart away planted of 50-200 citrus trees of 3-6 years old (Pustika et al.
2008). In Vietnam, it was suggested that guava trees are intercropped prior to citrus at a
ratio of one guava tree to one citrus tree (Beattie et al., 2006).

5. Oils application

Taverner (2002) has reviewed the toxic effects of mineral oils and listed several routes
of potential mortality with mineral oils usage in addition to smothering effects. They
included: fumigant action, narcosis, nervous disruption, corrosion of insect tissues, cell
disruption, and desiccation. Two recurring themes are evident in the literature regarding
the use of petroleum-derived spray oils in integrated pest and disease management
programs. First, a mineral oil is non-selective but has short residual activity. Those
mineral oils are less phytotoxic to the plant and do not induce any carcinogenic effect to
human (Beattie, 2010; personal communication). Second, a mineral oil gives minimal
disruption of beneficials (Childers, 2002). A third, and very important benefit of using
mineral oils, is that no arthropod resistance development is known with the use of
petroleum oil spray applications.

Mineral oils are highly refined mineral oils derived from crude petroleum oils. They are
paraffinic (= 60% of carbon atoms occur in chains). Horticultural Mineral Oils (HMOs)
are called narrow-range petroleum spray oils and Agricultural Mineral Oils (AMOs) are
called broad-range petroleum spray oils. Common median NnCy values of HMOs are
nC21 and nC23. For AMOs they are nC23, nC24 and nC25 (Agnello, 2002; Beattie,
2009).

Oils have behavioural effects on insect pest. The use of oils was effectively reduced pest
population as oviposition and feeding deterrence. The oil film could provide a barrier by
physical disruption of epicuticular lipids and masking of feeding and oviposition
stimulants preventing the insect from locating, accepting or using the host plant.
Application of mineral oils could also increase the release of volatiles which were used
as olfactory cues. The volatiles were naturally released in response to feeding by
herbivorous insect (Xue et al., 2009).

Application of oils for citrus pests is ranged from 0.4% to 0.5% sprays at 5-14 day
intervals within flush cycles (Poerwanto et al., 2008, 2010). They reduced 56.7% -
61.3% proportions of psyllids attracted to citrus (Poerwanto et al., 2008). D. citri gravid
female rejected to lay their eggs on citrus treated with mineral oils (Rae et al., 1997).
Responses of adult D. citri to mineral oil deposits are olfactory and related to detection
by antennal receptors of oil volatiles and/or plant volatiles (Poerwanto et al., 2012).
This outcome indicates that application of the oils to the mandarin leaves may have: (a)
suppressed release of attractant host plant volatiles; (b) masked attractant host plant
volatiles; (c) led to the release of repellent volatiles from leaves; and/or (d) to adults
being repelled by oil volatiles (Poerwanto et al., 2008; 2012). Oils application also
attract parasitoid (Poerwanto & Brotodjojo, 2011) and predator insect (Poerwanto,
2010) giving multiple control measure to D. citri.
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CONCLUSION

CVPD incidence reduction should be comprehensively conducted by implementing
green agriculture technology instead of synthetic pesticide. It should be started by
seeking new area for establishing citrus orchard. The area should be far enough from
citrus orchard and free from alternative hosts of CVPD and its vector. Second step is
interplanting guava among citrus plants followed by using mineral oils when the vector
colony was found. Last but not least is keeping the orchard always clean of weeds
which could be used as alternative host by vector.
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ABSTRACT

In Indonesia SMEs are the backbone of the Indonesian economy, and they are about 52
million by 2011. SMEs contribute for 60% of GDP and absorb 97% of the labor force.
The improvement of SMEs is based on the development of natural resources and human
resources at the SMEs location. In Indonesia bananas are always available throughout
the year and can be planted around the house where the SMEs do the activity, or
cultivated commercially in the form of a banana plantation. SMEs that produce
processed banana is developed towards zero waste technique, it means all parts of the
plant are used to be processed into useful products. This will support green agro-
industry. All parts of the banana plant, the cups, the stems, the leaves, the flowers and
the fruits can be processed into various products. Banana cups can be processed into
crackers. Rods can be processed into banana crackers, chips and shredded. While the
flowers can be processed into banana chips, banana shredded and “rendang” (a spicy
dish). Banana leaves can be used as food wrapping. The untreated residue will be
processed for organic fertilizer. The SMEs that produces those processed bananas is
supporting green agro-industry.

Keywords: SMEs, processed banana products, green agro-industry

INTRODUCTION

Besides as supporting commodity of food stability, bananas in Indonesia also have a
potential to be agro-business commaodity. This potential is described through its highest
total plantation area and production compared to any other fruit in Indonesia, and it also
provides 50% of total national food production (Anonymous, 2002). Bananas are
available throughout the year so that the production continuity with the raw material of
bananas is more secured. Industry in agro-business sector usually faces a problem of
raw material supply continuity. As we know that agricultural products cannot stay fresh
for a long duration (vulnerable). Thus, it should open up the business opportunity for
the creative community.

Besides can be consumed as a fresh fruit, bananas can also be processed either for home
industry such as chips, getuk, and sale, or giant industry such as flour, puree, and jam,
that can stimulate the growth of downstream agro-business. Downstream agro-business
will be developed by empowering home industry and medium or large-sized industry
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(domestic and foreign investor). For years, people just make use of banana fruit. With a
little bit of creativity and a touch of precise technology, every part of the banana plant
from its pseudo-stem, its inflorescence, its corm, its leaf, and even its peel can be
processed into various banana products that have economic value, so that all parts of
banana plant can be utilized.

A. Banana’s Variety Products

All parts of the banana plant, the cups, the stems, the leaves, the flowers and the fruits
can be processed into various products.

1. Banana fruit is usually consumed in the fresh form or simply cooked into fried
banana, boiled banana or roasted banana.

One technique to maintain the banana fruit’s storability is by a further process. The
process will increase the banana fruit’s durability, and provide various tastes from the
banana product. The banana fruit that is not possible to be served as a fresh fruit
because of its small size or flawed peel can still be processed into various products
which have delicious tastes and appealing looks.

a. Raw banana fruit can be processed into: Flour, Starch, Chips, and Sauce/Chili Sauce
Banana flour is a product which has a good business opportunity in the
development of local food resources. Banana fruit is good to be processed into flour
because the main component of banana fruit is carbohydrate (around 17.2 — 38%).
Basically, all types of raw banana fruit can be processed into flour, but the color
will be varied depends on the ripe level of the fruit, the fruit type, and the
processing method. Banana fruit kepok has the best flour color which is white.
Banana flour can be a good substitute for wheat flour that can be processed into
baby porridge, banana cake, banana eggrolls, etc.

b. Ripe banana fruit can be processed into: Fruit Essence, Fruit Syrup, Sale, Jam,
Wine, Chips, Dodol, Pure, Jelly, Ice Cream, and Candy.

2. Banana inflorescence, which is only wasted or used as a vegetable combination, can
be processed into shredded banana inflorescence and dry banana inflorescence chili
sauce

3. Banana corm, which is never seen as a product, with a precise technology can be
processed into banana corm chips.

4. Banana peel can also be processed into banana crackers, banana peel ice, and
banana noodle so that it will have a bigger additional value.

5. Banana leaf can be used as food layer or food wrapper.

6. Banana false stem can be used for crafting raw materials such as bag, purse, etc.
7. The waste from banana plant processing can also be processed into useful product,
for example as livestock and fish food, or organic fertilizer. These livestock food
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and organic fertilizer can be used for plant, livestock, and fish cultivation business
matter.

According to the description about various alternatives of banana plant processing, it
can be concluded that all parts of banana plant can be used. So therefore, a diagram that
describes the banana plant industry can be figured, see image 1.

Banana leaf as a
food wrapper

Banana leaf
midrip as an
organic fertilizer

Banana fruit as
food resources

3anana flower as
‘ood resources
and an organic
fertilizer

Banana stem as
food resource and
an organic fertilizer

Food resources

and craft industry
Banana corm

Figure 1. The Banana Plant Industry Diagram

B. Micro, Small And Medium-Sized Enterprises

Either in the developing countries or in the highly developed countries such as in
Europe, United States, and Japan, Small and Medium-Sized Enterprise (SME) plays an
important role, especially as one of the initiating forces of the economic and export
growth, also as an innovation source. In the beginning, small and medium-sized
enterprise in Indonesia was the important source of working opportunity and the main
initiating force in the economic development of rural area, outside agricultural sector.
But now, in the era of free trade and the globalization process that is more incentive,

Small and Medium-Sized Enterprise is very much expected to be one of the
improvement sources for non-oil and gas export (Tambunan, 2002).
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Even in modern economy, SME still has a big opportunity to survive or rapidly grow if
the business makes types of product whose production process does not have economic
scale and contain a simple technology.

Until the period of 1998, the amount of Small-Sized Agro-Industry Food Processing in
Indonesia is 542,441 units, absorbing up to 4,112,129 labor force, with investment
value of 2,830,767 million rupiahs, raw material value up to 6,574,637 million rupiahs,
and production value of 12,053,950 million rupiahs (Baroroh and Hanafiah, 2004 in
Soekartawi, 2005).

In the development, the total amount of Micro, Small and Medium-Sized Enterprise in
Indonesia tends to increase, as well as its ability to absorb labor force. The development
of micro, small and medium-sized enterprise, also large-sized enterprise in the year of
2011-2012 is shown on table 1.

Table 1. The Development of Micro, Small and Medium-Sized Enterprise and Large-
Sized Enterprise in the year of 2011-2012

No Indicator Unit Year 2011%) Year 2012**) The development in
2011-2012
Amount Segment Amount Segment Amount (%)
(%) (%)
1 Business Unit  unit 55,211,39 56,539,560 1,328,163  2.41
(A+B)
A. UMKM unit 55,206,44 99.99  56,534,59 99.99 1,328,147 241
Micro unit 54,559,96 98.82  55,856,17 98.79 1,296,207  2.38
Small unit 602,19 1.09 629,41 111 27,223 452
Medium unit 44,28 0.08 48,99 0.09 4,717 10.65
B. Large unit 4,95 0.01 4,96 0.01 16 0.32
Enterprise
2 Labor Force person 104,613,68 110,808,15 6,194,473 5.92
(A+B)
1. UMKM person  101,722,45 97.24 107,657,50 97.16 5935051  5.83
Micro person 94,957,79 90.77  99,859,51 90.12 4,901,720 5.16
Small person 3,919,99 3.75 4,535,97 4.09 615,977 15.71
Medium person 2,844,66 2.72 3,262,02 2.94 417,354 14.67
2. Large person 2,891,22 2.76 3,150,64 2.84 259,422 8.97
Enterprise
Notice:

*) Temporary Number
**) Prediction Number
Source: Ministry of Cooperative and Micro, Small and Medium-Sized Enterprise, 2012

Micro enterprise places itself in the largest market segment and also in the biggest labor
force employment amount among the others. The development of medium-sized

enterprise amount from 2011 until 2012 is high enough, around 10.65%. This describes
that Micro, Small and Medium-Sized Enterprise needs to be developed because it can
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absorb more labor force and also can give contribution up to 60% from Gross Domestic
Product. Hence, the challenge is to integrate the micro and small-sized enterprise so that
it can operate more efficiently and continuously, also support the green agro-industry.

In Indonesia SMEs are the backbone of the Indonesian economy, and they are about 52
million by 2011. SMEs contribute for 60% of GDP and absorb 97% of the labor force.
The improvement of SMEs is based on the development of natural resources and human
resources at the SMEs location. In Indonesia bananas are always available throughout
the year and can be planted around the house where the SMEs do the activity, or
cultivated commercially in the form of a banana plantation.

According to research conducted by Budiyanto (2012) in Lumajang, Malang, and Blitar
showed that: 1) there is profile diversity on the banana production, distribution,
consumption, and local wisdom role, 2) the optimization of local wisdom role can be the
main focus on the development of banana-based food stability effort, and 3) several
important and strategic components in the banana-based food stability development
model through revitalization of local wisdom value and farmer community department
strengthening are: a) the local wisdom (strengthen the use of local-based food resources,
woman role, community/religion leaders role, mutual cooperation, friendly & harmony,
food self-sufficient village, green agriculture, multicultural agriculture, and community
based planning), b) the role of Agricultural Technology Institute, or any other
department (pilot projecting development, capital access, assistance, and strengthening
the system of production-distribution-marketing-consumption).

C. The Green Agro-Industry

Agro-industry is an industry whose raw material comes from agricultural product. The
study of agro-industry in this context is focused on the food processing management.
Agro-industry is one of the sub-systems in the agro-business system that has proven in
giving contribution towards the agricultural development in Indonesia, which are: (1)
increase the income of agro-business actor, (2) absorb labor force, (3) increase the
foreign exchange income, and (4) stimulate other industries growth (Soekartawi, 2000;
Soekartawi, 2005).

According to Andersen and Lorch (2001) in Soekartawi (2005), agro-industry has a
strong correlation with perennially problem of poverty, food stability and security.
Together with experts from International Food Policy Research Institute (IFPRI), they
initiate the program *“2020 Vision for Food, Agriculture and the Environment”. The
Indonesian Government also launches a program named “Gerakan Industrialisasi
Pertanian di Pedesaan 2020” (GERINDA 2020), an action program that is expected to
be able to overcome the economic problems that can employ community economic
empowering, both in urban area and rural area, either in large-sized, medium-sized or
small-sized enterprise. This happens because agro-industry (1) can highly absorb labor
force, considering that the characteristic of rural agro-industry which is labor-intensive,
(2) use local resources so that it can increase the additional value, benefit, and income,
(3) can produce high quality product, so that it can improve the national foreign
exchange, (4) increase the circulation of money in the society that will effect on
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increasing the community purchasing power, (5) cannot be developed exclusively, will
raise and develop other supporting activities.

The Concept of Sustainable Agro-Industry Development is an Agro-Industry
Development that is constructed and developed by focusing on management aspects and
natural resources conservation. All technology used and also related department are
directed to fulfill the human importance nowadays and in the future. The technology
used is suitable with the supporting power of natural resources, there is no environment
degradation, economically benefits, and socially can be accepted by the community
(Soekartawi, 1988; FAO, 1989; Sajise, 1996 in Sorkartawi, 2005). Based on this
concept, the characteristics of Sustainable Agro-Industry are: (1) the productivity and
the benefit can be maintained or improved in a relatively long period,(2) the agricultural
resources that can produce Agro-industry raw materials can be well-preserved,(3) the
negative effect from the exploitation of natural resources and Agro-industry can be
minimized.

Soekartawi (2005) proposed that in order to develop Agro-industry, these things are
needed to be implemented: (1) adjustment towards global change, (2) increase the
growth through innovation, investment, and trade, (3) remove the factors that obstruct
the growth, (4) increase the efficiency in every factor that influences the Agro-industry
Development, (5) increase the managerial quality through human resources quality
improvement, (6) able to be autonomous by not suspended to any other side.

The Concept of Sustainable Agro-Industry Development needs to be supported by an
efficient agro-industry that puts forward the concept of zero waste. There are several
advantage from agro-industry that applies the concept of zero waste which are:

1. Environment preservation

Meaning that the zero waste agro-industry will pay more attention to its production
process and its waste management so that it does not harm the environment. This will
bring on the positive image for the agro-industry. In the case of banana agro-industry
for example, all parts of the banana plant, the cups, the stems, the leaves, the flowers
and the fruits can be processed into various products. Banana cups can be processed into
crackers. Rods can be processed into banana crackers, chips and shredded. While the
flowers can be processed into banana chips, banana shredded and “rendang” (a spicy
dish). Banana leaves can be used as food wrapping. The untreated residue will be
processed for organic fertilizer. Although produce processed banana is developed
towards zero waste technique, it means all parts of the plant are used to be processed
into useful products. The SMEs that produces those processed bananas is supporting
green agro-industry.

2. People Perception

By applying zero waste, it means that the agro-industry is moving towards green agro-
industry where the chemical substance that is safe for the human health and able to
reduce the pollutant is used. This will influence the people perception towards the
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products, which is safe and good for the human health and environment. This people
perception will give a positive effect on the product brand strengthening

3. Competitive Advantage

The application of zero waste that supports the green agro-industry can be a good
competitive advantage for the agro-industry to dominate the market competition.

In Indonesia, there are so many micro and small-sized enterprises but they are still not
well-integrated, meaning that the one who uses banana inflorescence as raw material,
the one who uses banana fruit as raw material, and so on are still individually processed.
The challenge that will be faced by Indonesian agro-industry in moving towards green
agro-industry is to integrate the micro and small-sized enterprises all together to be able
to apply zero waste agro-industry. In the banana production central area for example,
the farmers are grouped into the group who cultivates banana plant, the group who
processes banana inflorescence, the group who processes banana fruit, the group who
processes banana stem into food, the group who process banana stem into craft, and the
group who produces organic fertilizer. If these production groups can be well-
integrated, the zero waste that supports green agro-industry will be achieved.

CONCLUSIONS

Micro, small and medium-sized enterprises can process all parts of banana plant into
various products by applying zero waste concept and finally to support the green agro-
industry.

The challenge that will be faced by Indonesian agro-industry in moving towards green
agro-industry is to integrate the micro and small-sized enterprises all together to be able
to apply zero waste agro-industry.
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ABSTRACT

Since two years ago, the government, in this case the Ministry of Agriculture, made a
program called 'Region Sustainable Food House' (KRPL / The Region of Sustainable
Food House). This program maximizes the used of home garden land to be planted with
food crops, such as vegetables, fruits, and medicinal plants. The home garden is
traditionally a very important piece of land for rural Households of Indonesia, especially
at rural areas, covering an area of about 50 to 200 m2. It is a place for people to live in
but it also produces a variety of foods and other things for home use, income and
conservation plant, if it is managed properly. Indonesian government in 2012 received
an award from the FAO on the success of the program KRPL, roommates is to reduce
hunger and malnutrition. This study was conducted at Talawi Homecoming Village,
Talawi sub district of Sawahlunto city, West Sumatra, from December 2011-December
2012. The objective was to evaluate the type and number of plants are conserved in each
sample household, Determine the economic value of home garden crops and the effect
of KRPL program implementation to the public response. The results showed that
household majority still choose to plant vegetables around their garden, with a number
of types of vegetables grown were 25, with an average number of plants were 7-8 every
household. In another hand, the food crops (maize, cassava, sweet potato) species were
limited, but the average ownership per house hold was higher, ie 10-11 plants. Obtained
from the data is up to December 2012, it found that the average estimate of the
economic value of existing food crops in the home garden household were for both cash
and consume as much as 69.86% and 30.14%, respectively. However, most of the
vegetables one was for daily need (87.94%) and the rest were sold (12.06%). This
KRPL activity had an average savings percentage donated to the participating
Households by 14% of their expenditure. The commodities that can donate income or
savings were red chili and onion. This program Began in December 2011 with only 10
initial of participants and at the end of year 2012, they Increased up to 590%.

Keywords: home garden, plant conservation

INTRODUCTION

In general homestead in Indonesia is a very important part of the overall land
ownership. According to FAO (2013) and Mazumdar and Mazumdar (2012) can be

ICGAI, Yogyakarta, INDONESIA, November 12-14, 2013 8



Sumilah et. al

defined as the homestead farm system that combines the functions of social, spiritual
and economic. At a social function, the yard is an area that can be used for meetings,
children's playground and park. While the economy means that the function is an agro-
ecosystem yard area that can be used to produce a variety of food sources, energy
materials, and fiber (Calvet-Mir et al., 2012) so that it can be used to supplement
income by planting crops, medicinal and tree- trees as well as a way of raising animals
and fish. According to Davies et al. (2009) the yard is also a resource for biodiversity
and important sites for conservation in situ within ecozones (Trinh et al., 2003).

According to the minister (in Riri, 2013) yards that can be used to grow crops + 10
million hectares. Seeing the potential for such extensive yard area, since two years ago,
the government, in this case the Ministry of Agriculture, a program Region Sustainable
Food House (KRPL). This program maximizes the slightest homestead land to be
planted with food crops, such as vegetables, fruits, and medicinal plants; program was
implemented to support the food security program. The success of this program is
appreciated by the FAO (2013) by giving the award "Outstanding Progress Award in
Fighting Hunger and undernourishment™ to Indonesia because Indonesia could also
meet the first target of the global development agenda (MDGs / Millennium
Development Goals (MDGSs) in which the first goal of the MDGs is that in 2015 every
state will be able to reduce poverty and hunger by half of the initial conditions in 1990.
program is also expected to meet the Recommended Daily Intake of Energy (AKE)
availability, which was originally 2,200 kcal / person / day to 2,400 kcal / person / day
and consumption of 2,000 kcal / person / day to 2,150 kcal / person / day (Anonimous,
2012).

In West Sumatera yard wide reach 84 247 ha of land spread over 12 districts and 7
cities. Whereas in Sawahlunto own, dedicated residential land / yard area Km2 12:05
(Bappeda and Sumatra BPS, 2011). Considerable potential this is one potential source
provider of food that has nutritional value and high economic value, such as vegetable
and fruit crops. Guarantee that yard with well, fruit + vegetable consumption is
expected to increase which also increases the expectation of food patterns (PPH)
community (Ariani, 2010), as did the people Sumbar, because according to the DKP
(2009), in Indonesian provinces with a prevalence highly food insecure <10% in the
year 2008 in addition to Bali one of which is the province of West Sumatra (7.4%).

The purpose of this activity is to assess the distribution of crops in home gardens as well
as savings in the household expenditure in Sawahlunto, West Sumatra after the
application of Model Region Sustainable Food House (MKRPL).

METHODS

Assessment activities carried on in Hamlet KWT Manih Lansek Sago, Homecoming
Talawi Village District Talawi, Sawahlunto starting November 2011 s/d in December
2012. Assessment is done through several stages, namely implementation in selected
locations MKRPL implementation, evaluation and development of evaluation
participants and the distribution of plants of economic value of the crop.

Approach method for characterizing regional sustainable food model development is
done through desk study and field survey by the method of PRA (Participatory Rural
Appraisal) and structured survey on a sample implementation of this activity is done
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with the involvement of the target group members KWT Lansek Manih and technology
assistance by researchers, extension workers and offices/agencies. Developmental
evaluation is done by calculating the RPL participants participation MKRPL members
from the beginning and end of the activity, evaluation of the economic value of the plant
is done by calculating the economic value of the crop every member, both plants are
consumed or sold.

Parameter/observed data is a commaodity that has been developed and introduced in their
yards, the amount of household food expenditure per month before and after applying
MKRPL. Data were analyzed descriptively, tabulation (%, ratio, on average).

RESULTS AND DISCUSSION
A. Characterization of M-KRPL Development Area

Characterization of M-KRPL development areas through desk study, field surveys by
the method of PRA (Participatory Rural Appraisal. Obtained from the results of this
activity that Talawi Villages Village Homecoming is one of seven village in District
Talawi Sawahlunto. Broad Village reaches 876 ha, comprising 4 Pillars of Citizens
(RW). residential land area reaches 15% of the area of the village. population numbered
75 families or 2587 people.

By strata, implementing community wide yard MKRPL in Talawi Homecoming
activities Sawahlunto (33 members) can be grouped into 4, namely a) very narrow
grounds (no yard) b) narrow grounds (area <120 m2), c) moderate yard (wide 120-400
m2) and d) extensive grounds (area> 400 m2) (Table 1.).

Table 1. Extensive grounds KWT participants Lansek Manih MKRPL development
activities in Talawi Sawahlunto

No. Level % HF
1. Very narrow grounds (no yard) 20 %
2. Yard narrow (<120 m2) 20 %
3. Yard medium (120-400 m2) 20 %
4. Yard wide (> 400 m2) 40 %

Design commonly applied is planting vegetables on the shelves, polybags and beds for
each plant morphology that have short and tall. To implement the design, MKRPL
members were shelves and polybag for planting.

B. Evaluation of Development of Participants

Sago MKRPL activities in Hamlet, Village Talawi Homecoming, Sub-Sawahlunto
Talawi began in December 2011 with only 10 initial participants who are members
Dasa RT Lansek Manih Pensions. At the beginning of the year (February 2012), Dasa
Wisma developing activities that formed the Women Farmers Group (KWT) called
KWT Lansek Manih consisting of 18 people, so it automatically increases the activities
of participants to 18 people. Success in the field of activity of KWT RPL candidates
replicated by other groups of women farmers consisting of 16 people, and supported by
the Head of Hamlet in October 2012 Sago Region Sustainable Food Houses initiated by
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the addition of as many as 35 public participants (Figure 1a.), So in general M-KRPL
percentage of participants until the end of December 2012 rose to 590% (Figure 1b.)
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figure 1a. The number of participants figure 1b. Developments% of participants
MKRPL MKRPL

C. The Type And Number of Plants That Are of Interest Members of RPL

Until the end of December 2012 found that the majority of participants still choose to
plant vegetables around his yard, with a number of types of vegetables grown totaled 25
with an average number of plants reaching 7-8 plants / RT. As for the food crops
(maize, cassava, sweet potato) species were planted very limited (6 types), but the
average ownership per family is 10-11 plants / RT (Figure 2).

30
25
20
15

10 M Average

5 - B Number of species

Figure 2. Number of crop species and the average number of plants / RT are cultivated
in their yards Sago MKRPL Hamlet, Village District Talawi Homecoming Talawi
Sawahlunto.

While the vegetable plants, three main types of participants are predominantly
cultivated by red chilli (chillies curly), eggplant and celery (Figure 3). that are
characteristic of the Minang cuisine.
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Percentage of the
three major vegetable
commodities:

1. Chili(21.5%)

2. Eggplant (20%)

3. celery (8%)

m spinach ® red onion ®onions Prai ® snaps
m chili H cayenne pepper H caisin = pumpkin siem
= |ong beans m kale E green cabbage sweet vegetable
H caisin | |ettuce m celery = cabbage
= cucumber oyong eggplant tomatoes
basil seaweed tread leman bangun-bangun
takokak taro / black / white

Figure 3. Percent types of vegetables are cultivated by participants MKRPL
Talawi Homecoming Village, District Talawi Sawahlunto

In addition because of the need, in general commodity vegetables and fruits commonly
cultivated in home gardens because it is relatively easily cultivated in a limited area.
Commodities are widely grown in the rack, polybags and secondhand containers that
are not used. From the many studies done on the function of the yard, and Isendahl
Barthel (2013) to conclude that the use of the yard and the farm environment has
contributed to the high long-term food security during the era of energy scarcity

Purchasing power of some segments of society are limited, especially for the allocation
of the need for food is a cause of non-fulfillment of a balanced nutrition food. On the
other hand, the opportunity to produce a particular food source independently by the
household is available. Utilization of agricultural land to the cultivation yard optimally
is one alternative for households to obtain food security, improving nutrition, increasing
outpouring of productive forces, neighborhoods and health improvements all of which
leads to an increase in income and standard of living (welfare) people of the region.
With the requirement of vegetables in every household, decreasing purchasing power
negatively affecting the decline of animal and vegetable food purchases + fruit would be
solved (Ariani, 2010).

RPL participants' responses to the type of crop area of land / strata (Figure 5.) Shows
that the exploitation of the stratum 2 types of vegetables is higher than level 1, 3 and 4.
Vegetables very well responded by the participants MKRPL commodity fruits while
second place.
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B Medicine
Vegetables
H Crops
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Figure 4. RPL participants' responses to the type of crop area of land / level Talawi
Homecoming Village District Talawi Sawahlunto

D. Economic Value Planting

From the data analysis, found that the average estimated percent of the economic value
of the existing group of food plants in the yard for the sale and consumption
respectively 69.86% and 30.14%. As for the vegetable group, inversely proportional to
their utilization of food crops, where as much as 87.94% to meet the needs of the rest of
the new rumahtangganya sold (12:06%) (Figure 5a. And 5b.).

Food

H Consumption

i Sale

12.06

Vegetables

H Consumption

M Sale

Figure 5a. The percentage utilization of food

commodities for economic RT

Figure 5b. The percentage utilization of

vegetable commodities for economic RT

Of the recapitulation of sales and products consumed by households, found that the
presence of MKRPL activity, the average member of KWT Lansek Manih resulted in
savings of household expenditure per month (particularly on family food expenditure)
amounted to 14% of expenditures previously (Figure 6). Commaodities that can donate
income or savings include red pepper and red onion.
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Percentage of household
households savings expenditure
14 1,329,
713 "
B expenditure ( J B Before
Savings \ O After
1,593,
750

Figure 6a. Saving an average percentage
of participating households MKRPL

Figure 6b. Average expenditure of
participating households MKRPL

Adequate food availability at the macro level (national, provincial and district / city) is
an important factor but it is not sufficient to ensure the availability and consumption of
adequate food at the household and individual level. By striving for their own food
needs, will reduce the low availability and food consumption at household level that
may occur due to problems in the distribution and household economic access to food
(DKP, 2009).

CONCLUSION

1. In the village of Homecoming Talawi Sawahlunto M-KRPL percentage of
participants until the end of December rose to 590%. Three major vegetable
commodities that are in demand by participants MKRPL red chilli (21.5%), eggplant
(20%) and celery (8%)

2. RPL activities of MK-2012 in KWT lansek Manih have donated an average savings
percentage of participating households by 14%, which can be donated commaodities
revenue or savings include red pepper and red onion.
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ABSTRACT

The purpose of research is to find out to see how the development of entrepreneurs in
Maju Makmur Small Group Activity (SGA) lasts . The research methodology used was
qualitative research with in-depth interviewing administrators Maju Makmur Small
Group Activity (SGA). Results showed that women successfully develop
entrepreneurship in Maju Makmur Small Group Activity (SGA) and the resulting
product, able to be sold in a variety of areas at competitive prices .

Keywords : Women, entrepreneurship, Small Group Activity (SGA)

INTRODUCTION

Dynamics of entrepreneurial development in a country can not be separated from the
participation and role of women. Minniti, et al., (2005 , in Teak 2009), found that the
participation of women as entrepreneurs have been rising sharply over the last decade
and turned increasingly significant both in the developed and developing countries.
However, a growing number of women business owners (women- owned business )
remains systematically lower than that of men.

Women's participation in the activities of the business establishment were also lower, in
which men doubled frequency compared with women. The proportion of the worse in
developing countries, due to the participation of men nearly 75% (Minniti and Arenius ,
2003 in Teak , 2009). The inequality above is supported by Wilson (2007 in Jati , 2009),
which states that women's ownership of the business in Asia, Africa, Eastern Europe,
and Latin America only 25%, with the rest owned by men .

The presence of women entrepreneurs in the Micro, Small, and Medium Enterprises
(SMEs) are the economic realities of the majority of Indonesian people. The role of
women micro entrepreneurs in the Indonesian economy slowly turns increasingly to be
"keeper" of the people 's economy . SME ownership data show in detail that as many as
44.29% of micro enterprises run by women, as well as in the small business sector as
much as 10.28% (CBS, 2005, in Jati , 2009). Meanwhile, State Minister for Women
Empowerment report (October, 2007, in Jati , 2009) states that 60% of the 41 million

ICGALI, Yogyakarta, INDONESIA, November 12-14, 2013 16



Teguh Kismantoroadji and Indah Widowati

micro and small entrepreneurs in Indonesia are women .

That's why researchers are interested to elevate the role of women in developing
entrepreneurship in Maju Makmur Small Group Activity (SGA) Kejajar District,
Wonosobo Regency, Central of Java. The purpose of research is to see how the
development of entrepreneurs in Maju Makmur Small Group Activity (SGA) going
forward ?

LITERATURE REVIEW

The involvement of women in entrepreneurship, a study of several researchers,
including Ardhanari (2007), which examined the profile and barriers women
entrepreneurs in Indonesia to develop. Findings are very interesting because it
mentioned barriers women entrepreneurs are caused by personal characteristics of the
workload due to the dual role of a woman and structural characteristics, the barriers to
access to capital (and collateral requirements) and access to markets where women have
lower access to marketing information. It was concluded that barriers to the
development of women entrepreneurs is the result of gender stereotypes (gender
stereotypes) between women and men in a patriarchal environment .

Wilson et al. (2007) research emphasis on personal factors (personality characteristic),
namely self -efficacy. Research results provide data that women have self-efficacy and
self-confidence are lower than men in mathematics, finance, decision making, and
problem solving. Though this is a major factor related to the skills and expertise of men
and even become determinant in driving the success as an entrepreneur. Aligned with
Kickkul et al. (2004) which states that self-efficacy of men is higher than women. In
fact, self -efficacy is an important factor for entrepreneurs to develop and master the
skills needed and will ultimately have an impact on career success .

Another researcher, Engko (2006 ) conclude that there is a significant positive
relationship between the level of self-efficacy and individual performance. If a person
who has high self-efficacy will have a better performance boost in all areas of
employment, including career choices (intentions) as an entrepreneur. Self-efficacy will
increase optimism for someone to always turn out better and keep trying to reach a
certain goal .

Zulminarni (2004) found that an important factor influencing the development of
entrepreneurship is the human factor which include : personality business, education,
environment, experience, and ability to earn money, social values, culture, and the
opportunities are determined by the environmental, economic stimuli such as market
opportunities, profits, demand is elastic, the business climate and government
regulations. Biological Assessment (2007) found that entrepreneurial personality is a
major factor, followed thereafter ability factors, technological factors, and other factors.
Personality trait most widely discussed by experts in terms of entrepreneurship, is a
creative and innovative nature.

Based on the above, the study/review the establishment or development of
entrepreneurship (entrepreneurship) with a variety of theoretical approaches need to be
developed. From these studies are expected to be generated by a new idea or innovation
is "strategy formation/development of entrepreneurial spirit (entrepreneurship )" in
order to develop the quality of human resources in Indonesia, particularly the role of
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women.

METHODOLOGY

The focus of this study is the disclosure process and the interpretation of meaning. In
this study, held assumption that women and entrepreneurs not only revealed a
relationship, but also on the pattern of action or interaction with the surrounding
conditions of the development of entrepreneurial businesses.

Based on these assumptions, this study focused on a qualitative approach. The term
refers to the process of qualitative and meanings that are not rigorously examined or
measured in terms of quantity, intensity or frequency, emphasis is given on the nature of
the social construction of reality and find answers how social experiences shaped and
given meaning (Denzin and Lincoln, 1994). According to Denzin and Lincoln (1994),
Creswell (1994) and Maxwell (1996), for research that focuses on the disclosure process
and interpretation of the meaning of a qualitative approach is more relevant. Qualitative
approach here means a qualitative way as the methods and techniques of assessment .

The approach was to conduct in-depth interview to Forward Maju Makmur Small Group
Activity (SGA) officials in order to obtain an overview of entrepreneurship
development and the role of women

RESULTS AND DISCUSSION
A. Starting from the Wasted Fruit, Eggplant Netherland

Dutch eggplant previously eaten a lot of fresh fruit or vegetables for a vegetable
substitute, it can be enjoyed as a syrup for drinks. Interestingly, Dutch or eggplant syrup
known as Kemar this was also sweet and fresh as syrup of orange, mango, pineapple,
guava and other fruits .

Uswatun Khasanah (33), women from Sikunang RT. 07 RW.1 Kejajar Wonosobo, as
Chairman of the Maju Makmur Small Group Activity (SGA) Kemar trying to process
the fruit into syrup. It began when the slender-bodied woman finds the fact that in the
surrounding area, Sikunang village who entered in the Dieng mountains, found many
fruitful Kemar plants. For those who do not recognize, at a glance Kemar fruit
resembles a thick-skinned tomatoes. Shape vary, there are oval or round like chili.
Kemar ripe fruit is red. The flesh is also red. If the cut pieces will drain the water red.
Well, from the contents of the Dutch eggplant fruit syrup that Kemar made .

"Kemar Dieng fruit contains vitamin A which is very good for eye health. There was
also a content of vitamin C that can treat ulcers and increase endurance. Essential
minerals such as potassium, phosphorus and magnesium was even able to keep and
maintain a healthy body. High fiber in the fruit Kemar be useful to prevent cancer and
sembilit,” said the other administrators .

Told, the idea of processing fruits into syrup Kemar began when the Dutch got eggplant
fruit underestimated and not much use. Trees that grow in many fields harvested. Even
when the trees bear fruit, so it is left scattered. That's because people assume that it is
not good Kemar fruit consumed.

Extreme, Netherlands eggplant tree is considered as a parasite for the potato crop.
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Hence not a few people who choose to prune the tree from the preserve. "People are
afraid to eat for fear of poison and the unpleasant smell of his skin. When it is, there is
absolutely no one who would eat raw eggplant. Moreover, if split, the fruit can be red
like the blood shed" Uswatun said.

B. Variety processed in the Context of Entrepreneurial Business

The first time Kemar process Dieng, Uswatun admitted, the idea emerged after Maju
Makmur Small Group Activity (SGA) given cookery training opportunities to make
drinks and meals organized by the Office BIKK Wonosobo in Central Java and Infocom
2005. In training, try to drink processing Kemar Dieng. As a result, it turned out
incredible. Because the fruit is initially thought to be nearly extinct and should not be
eaten, can be processed into fresh and sweet drinks.

Uswatun beliefs as Chairman of Small Group Activity (SGA) is getting stronger, after
investigation related parties, Kemar fruit consumption is actually safe and nutritious and
can be used as an ingredient drinks and other foods that can be utilized. Since then,
Uswatun with some women in the village who are members of Maju Makmur Small
Group Activity (SGA), more determined to take advantage of Kemar fruit into syrup,
jams, and sauces. Farmers who originally cleared the Dutch changed cultivate eggplant.

KUB officials said to the others, this syrup is made from Kemar juice, sugar and water.
This drink without preservatives with natural color purplish red. "Although no
preservatives Kemar syrup can last longer,"” she said.

How to make it, very easy. Kemar fruit that is ripe sorted, washed and peeled. Once
peeled sliced to take the juice. The juice is filtered and mixed with sugar, then boiled.
After the water boiled syrup Kemar filtered so clean and straight put in a bottle of syrup.
" Kemar made cider syrup being made flesh and processed for liquid and jam made
carica seeds in syrup".

On how to manufacture jam, Uswatun said the way was also very easy. First, the meat is
mixed with a blend of fruit sugar. Cook until thick. "If making Kemar meat sauce mixed
with salt, herbs and pepper and blend".

C. Profitable

So far every time production, Maju Makmur Small Group Activity (SGA) able to
produce 300-400 bottles of syrups, sauces and jams. Number of production as much as
it is done by six employees of the production and packaging. "Within a month of
production could beromzet around Rp 20 million".

About the price it set a large bottle of syrup Rp 18.000, carica in syrup (small) Rp.
12.500, jam (small) Rp 15.000 and the sauce (big bottle) Rp 15.000. Including instant
sales Purwoceng in sachets at a price of Rp 5,000/sachet, able to provide job
opportunities. During this time, the market potential, called Uswatun there in the town
of Wonosobo and Dieng. However, it has also expanded its market Kemar syrup until
several cities in Central Java, Semarang, Bandung, Yogyakarta, and Jakarta". Kemar
drink or jam, it would make a great gift" said some board Small Group Activity (SGA).

Entrepreneurial development in rural context as micro or small businesses, including
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Maju Makmur Small Group Activity (SGA), the economy has a strategic position, given
the number of Wonosobo Regency population is relatively large with an average
education levels are still low and most live in the activity of micro or small well in the
traditional sector. Position or the role of women in developing strategic placing of micro
entrepreneurs or small, needs to be a concern at all stages of development in the district.

However, the development of entrepreneurial businesses in Maju Makmur Small Group
Activity (SGA) has done is not satisfactory because of the perceived presence always
behind because of limited capital, resources, and coaching. Related to this, the role of
women was able to lift the economy of the village/sub-district/district-based income
generation of local raw materials. Therefore, the role of women in developing
entrepreneurship, at this moment could be felt more and more strategic for economic
uplift of the people. People's economy is synonymous with micro and small businesses
that in its development childbearing women entrepreneurs.

CONCLUSION

1 . Successful women entrepreneurs in developing Maju Makmur Small Group Activity
(SGA).

2 . The resulting product, able to be sold in a variety of areas at competitive prices.
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ABSTRACT

Local food industry must developed in order to fulfill the needs of food. One of the
local food industries which is produce slice noodle is “Bangkok”. This industry had
Certificate of Home Industry Food Production, and applied the good and right method
of food production. Based on the observation, consumer did not understand the function
of the good and right method of food production. Consumer’s reason to buy slice noodle
can’t be predicted. Sampling method in this research was purposive sampling. The
respondents were intermediate consumer, which were buying slice noodle to be
processed and sold to end consumer. Multiple linear regression analysis were conducted
with X1 (Sanitation-Hygiene), X2 (Process Control), X3 (Control Management), and Y
(Consumer Behaviour). Multiple Linear Regression Equation is Y = -1,372 + 0,422 X1
+ 0,266 X2 — 0,021 X3, with the highest effective contribution and relative contribution
is 68,25 % and 81,65 % respectively for X1 (Hygiene and Sanitation), so the most
influential variable toward consumer behaviour is X1 (Sanitation-Hygiene).

Keywords : local food, method of food production, multiple regression, consumer behaviour

INTRODUCTION

One of the problems developing countries is increasing population and not balance the
provision of food crops. There are several attempts to resolve the issue including by
improving cultivation and utilization of agricultural products as possible, especially
vegetable food sources. Thus, people can still consume a variety of foods that can
increase the diversity of food patterns and food availability is guaranteed.

The content of nutrients staple food in general is carbohydrates. In Indonesia, many
plants that produce food sources of carbohydrates such as root crops. However, root
crops currently not widely consumed. One of the tubers that are found in Indonesia is
cassava or cassava.

An alternative to get a higher economic value is a variety of processing, such as making
alternative food preparations of starch in the form of noodles. Noodle is popular
product in Indonesia and liked almost all people, from children to adults. In general, the
main raw material is wheat noodles, but can also be derived from starch or a mixture of
both.

According to the Chairman of the Indonesian Flour Producers Association (Aptindo)
Franciscus Welirang (2008), the grain consumption continues to increase, and showed a
significant increase each year. In fact, the trend of demand for wheat flour continued to
increase every year, then within the next ten years the national wheat seed needs to
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reach 10 million tons per year. With the need for it, then Indonesia certainly become the
largest wheat importer in the world. Current title as the country's largest wheat importer
is still held by the Egyptians, who last year imported about eight million tonnes. In 2008
wheat flour consumption nationwide, according to records Aptindo, reaching 3.8
million tons. Total requirement of wheat flour is equivalent to about 4.5-5 million
tonnes of wheat a whole grain (100%) still had to be imported from abroad.

Cassava Noodle is a product of a mixture of cassava flour and cassava starch and can be
made in the form of wet or dry. One of dried cassava noodle products that have been
known to the public is Bendo noodles produced by one businessman in Hamlet Bendo,
Bantul regency, Yogyakarta. This noodle also often called "lethek" noodle because of
his physical appearance is brown due to processing that do not use preservatives and
bleach. The other noodle product is sliced noodles, can be found in Pundong, Bantul,
Yogyakarta. a type of food made from cassava rather large size, it feels spongy, and
easily stretched.

One attempt noodles is sliced noodles that owned by Mr. Mulyono, who already have
SPP-IRT (Certificate in Food Production-Industrial Household). The business is still
relatively small and medium enterprises scale processing process is still using simple
tools.

Consumers is buy a slice noodle in the industry, typically used for processing longer be
"midhes", which was later sold in shops / houses respectively. Such consumers are
consumers intermediates. Customers mi iris also come from outside the area Pundong,
the average customer is aware and choose to buy noodles in the iris Mr Mulyono
industry because the industry is the first industry that has SPP-IRT, but in fact most do
not understand the functions and benefits of CPPB (Method Good Food Production)
which is a requirement in getting the SPP-IRT.

METHODS

Object study is consumer intermediates slice noodle products manufactured by SMEs in
Klisat, Pundong, Bantul, Yogyakarta. In collecting information, which is needed as an
informant is it self slice noodles customer when purchasing the product, as the buyer
shall be deemed to represent the profile of consumers who have interest in the product
(both for personal consumption and processed for resale), and the internal industry
(owners and employees) are considered the most understand the industrial condition.

Population and Research Sample

This research was conducted with survey research. Limited in terms of understanding
the survey sample survey in which information is collected from most of the population
to represent the entire population using a questionnaire. In the study, the use of
questionnaires is essential to collect data from respondents. Population and samples
were consumers intermediates sliced noodles, some 14 people (based on frequency of
purchase).

RESULTS AND DISCUSSION

Slice Noodle is the kind of local food from area Pundong, Bantul, Yogyakarta. This is
the basic ingredient cassava noodle starch. Slice noodle has a chewy texture. Moreover
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flavored noodles and sliced yellow yet. Mr. Mulyono is established in 1998. Initially
production capacity is only 5-10 kg and is only sold to market themselves by Mrs.
Mulyono. Demand is increasing production to 100 kg per day. In 2008, through the help
of Mr. Mulyono government certified P-IRT with P-IRT No.: 20 634 020 1653. Until
now the production capacity of Mr Mulyono has reached 120 kg per day.

A. Descriptive Analysis of Respondents

Description of respondents obtained from the results of the questionnaire for the study
was calculated from the total amount are 14 respondents. The selection of the
respondent amounted to 14 are based on the frequency of purchases mi iris. Description
data consists of only respondent gender and age.

1. Sex

Characteristics of respondents by sex divided into two categories, namely men and
women. Of 14 respondents (consumers intermediates mi iris) is known by 50% of
respondents were male, while the remaining 50% are women

2. Age

Characteristics of respondents by age divided into 5 groups, which range in age <20
years, 20-30 years, 30-40 years, 40-50 years, and> 50 years. Of 14 respondents, 14%
were known spanned age <20 years, 7% were spanned ages 20-30 years, 22% were in
the age range 30-40 years, 36% were in the age range 40-50 years, and the remaining be
extended to as much as 21% aged> 50 years

Table 1. The Component for Variable X

Variable X Type Variable Benchmark

X1 = sanitation-hygiene a. Facilities and hygiene and sanitation activities
(equipment washing / cleaning, facility
employee hygiene, sanitation and hygiene
activities)

b. Pest control (prevention of entry of pests, pest
control)

c. Health and hygiene of employees (employee
health and hygiene of employees)

X2 = Facility a. Production space (floor, ceiling, completeness
production space
b. Production equipment
c. Water supply

X3 = Process Control a. Determination of raw material specifications
b. Determination of the mode of production of
raw
c. Storage (storage of materials and products)

X4 = Control Management a. Record keeping and documentation
b. Training for employee

The Component for Variable Y is Consumer Behavior.
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B. Research Analysis Instruments
1. Validity Test
Table 2.

Validity of Test Results Variable Sanitation-Hygiene, Building-Facility IRT, Process Control,
Management Control Management, and Consumer Behavior

No  Question Item r result r table Keterangan
Variable Sanitation-Hygiene (X1)

1 Item 1 0,660 0,5324 Valid
2 Item 2 0,617 0,5324 Valid
3 Item 3 0,754 0,5324 Valid
4 Item 4 0,607 0,5324 Valid
7 Item 7 0,685 0,5324 Valid
8 Item 8 0,710 0,5324 Valid
Variable Facility (X2)

9 Item 9 0,629 0,5324 Valid
10 Item 10 0,694 0,5324 Valid
11 Item 11 0,645 0,5324 Valid
12 Item 12 0,591 0,5324 Valid
13 Item 13 0,585 0,5324 Valid
Variable Process Control (X3)

16  Item 16 0,688 0,5324 Valid
17 Item 17 0,794 0,5324 Valid
18 Item 18 0,797 0,5324 Valid
Variable Control Management (X4)

19  Item 19 0,579 0,5324 Valid
20 Item 20 0,589 0,5324 Valid
Variable Consumer Behavior (Y)

21  Item 21 0,635 0,5324 Valid
22 Item 22 0,700 0,5324 Valid
23 Item23 0,617 0,5324 Valid

2. Reliability Test
Reliability test indicates the stability and consistency of measuring instruments
when measuring instrument will be used to measure the same aspect in the study
repeatedly.

Table 4.

Reliability Testing Results Sanitation-Hygiene, Facility, Process Control, Management
Control Management, and Consumer Behavior
Reliability Statistics

Cronbach's Cronbach's Alpha N of
Alpha Based on Standardized Items Items
942 .945 19

Based on the results of the reliability test with SPSS 16 software is known that the value
of Cronbach's Alpha (A) is 0.942 where the value of A> 0.8, which means the results of
reliability test is very reliable.
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Table 5. Population Data Normality Test Results

One-Sample Kolmogorov-Smirnov Test

Standardized Residual

N 14
Normal Mean .0000000
Parameters’ Std. Deviation 87705802
Most Extreme Absolute 127
Differences Positive 127

Negative -.080
Kolmogorov-Smirnov Z 476
Asymp. Sig. (2-tailed) 977

a. Test distribution is Normal.

The criteria used are:

Ho: The data come from populations with normal distribution

Ha: The data come from a population that is not normally distributed

Asymp value Sig. (2-tailed) is 0.977, which means> 0.05, then Ho is accepted, meaning
that the data came from a population that is normally distributed.

3. Linear Regression Test Requirements
a. Linearity test Regression Line

Linearity test of the regression line relating to verification whether the model of linear
regression line really set in accordance with the situation or not. Measure that can be
used whether or not the line of linear regression using the linear coefficient of Deviation
From Linearity significance.

The criteria used are HO stating shaped linear regression model accepted if the
coefficient of the significance of Deviation From Linearity> 0.05.

Table 6.
Linearity Regression Significance Alpha Conclusion
Line Test Results
Item
Y*X1 0,264 0,05 Linear
Y*X2 0,027 0,05 Not Linear
Y*X3 0,777 0,05 Linear
Y*X4 0,200 0,05 Linear

Based on the results of the linearity test above the regression line, the regression models
stating Ho received the full linear regression shaped by variables X1 (sanitary-hygiene),
X3 (process control), and X4 (management control), whereas the variable X2 (building-
facility IRT ) declared not linear. To overcome these lines ketidaklinearan use the data
transformation to In or log. But after the transformation, either In or logs, variable X2
(building-facility IRT) remains linear.
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Then, based on interviews with the respondents, it was 78.57% of respondents thought
that the sanitary-hygiene-building facility with IRT. In addition, assessments for
sanitary-hygiene facilities and building-IRT in the industry quite well, so that
researchers eliminate variables IRT-building facility. New variables are analyzed further
is variable X1 (sanitary-hygiene), X2 (process control), and X3 (management control).
Furthermore linearity regression line was tested using standardized regression plot of
regression standardized predicted residual value as follows:

Scatterplot

Dependent Variable: Perilaku konsumen (Y)

o

Regression Studentized Residual
i

T T T T T
= -1 [:} 1 2
Regression Standardized Predicted Value

Fig 1. Linearity test Regression Line
Based on the images can be seen that the plot of regression standardized residual and
standardized regression predicted values form a random pattern, it can be said that the
regression model is linear, so it can use multiple linear regression equation.

b. Multicollinearity Test

Table 7. Multicollinearity Test Results

No Variabel Tolerance VIF
1. | Sanitasi-higiene (X1) 0,433 2,308

. | Process Control (X2) 0,192 5,220
3. | Control Management (X3) 0,314 3,186

Based on the above table it can be seen that the values of the three independent
variables Tolerance> 0.1. Then to the value of three independent variables VIF <10, so
it can be concluded that the regression model multicollinearity problem does not occur.
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c. Heteroscedasticity Test

Results of testing heteroscedasticity are as follows:

Scatterplot

Dependent Variable: per.kons

Regression Studentized Residual
L o
]

Regression Standardized Predicted Value

Fig 2. Heteroscedasticity Test

Decision-making method on heteroscedasticity test by looking at the scatterplot that if
the points spread with no clear pattern above and below the 0 on the Y axis, it can be
concluded that there is no problem of heteroscedasticity in regression models. Based on
the table above, it can be seen that the points spread with no clear pattern above and
below the 0 and the Y-axis, it can be concluded that the regression model does not occur
heteroscedasticity problem.

4. Linear Regression Analysis
a. Regression Equation
The results of multiple linear regression analysis are shown in Table 8 below.

Table 8. Linear Regression Calculation Result

Variables Coefficient (beta) t hitung Signifikansi
Constant -1,372 -0,640 0,536
Sanitary-hygiene 0,422 3,870 0,003
Process Control 0,266 0,726 0,484
Control Management -0,021 -0,055 0,957

Based on the calculation of linear regression according to table 8 above, the model
obtained regression equation as follows:

Y =-1.372 + 0.422 X1 + 0.266 X2 - 0.021 X3
With:

Y = Consumer Behavior

X1 = sanitation-hygiene

X2 = Process Control

X3 = Control Management
Based on the multiple linear regression equation obtained, it can be seen that the rate of

-1.372 indicates that in the absence of sanitation-hygiene variables, process control, and
management oversight or if all the variables the value 0, then the behavior of the
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consumer to determine the decision to buy mi iris value to fall by 1,372 . Figures 0.422
indicates that the sanitary-hygiene variables have coefficients that is positive. This
suggests that the increase in sanitation-hygiene variables have a proportional
relationship to the dependent variable (consumer behavior). If the sanitary-hygiene
variables up one unit and other variables constant, the consumer behavior to determine
buying decisions mi iris to increase by 0.422. Figures 0.266 indicates that the process
control variables have coefficients that is positive. This suggests that the increase in
process control variables have a proportional relationship to the dependent variable
(consumer behavior).

If the variable process control up one unit and other variables constant, the consumer
behavior to determine the decision to buy mi iris to increase by 0.266.
-0.021 Figures show that the management control variables have coefficients that are
negative. This suggests that the increase in supervisory management variables have a
relationship which is inversely proportional to the dependent variable (consumer
behavior). If the variable ride control management of the unit and other variables
constant, the consumer behavior to determine the buying decision will slice noodles
decreased by 0,021.

b. Coefficient of determination (R2)

The coefficient of determination are shown in Table 9 below:

Table 9. Value of coefficient R R Square Adjusted R Std. Error
of determination Square of the
Model Estimate
1 0,914% 0,835 0,786 0,625

Adjusted R Square value of 0.786 means that the percentage of influence of the
independent variables, namely sanitary-hygiene, process control, and management
oversight of the dependent variable, namely consumer behavior mi is equal to 78.6%
slice, while the remaining 21.4% is influenced by other factors were not examined.

c. Simultaneous Test (Test F)

Tests conducted with the following hypothesis.

HO = Variable sanitation-hygiene, process control, Control Management and
management jointly not significantly influence consumer behavior sliced noodles.
Ha = Variable sanitation-hygiene, process control, Control Management and
management together significantly influence consumer behavior sliced noodles.

Table 10.
Calculated F value
Model F Sig.

Regression 16,905 0,000°

Based on the table above, note that the calculated F value of all independent variables
(sanitary-hygiene, process control, and management oversight) sebesar16, 905> F (3,71)
or Sig. (0,000) < alpha (0.05), then HO is rejected and Ha accepted. Means that all
independent variables (sanitary-hygiene, process control, and management oversight)
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jointly (simultaneously) significantly affect its dependent variable (consumer behavior
sliced noodles).

d. Donations Predictors

Donations are used to determine predictors of how donations (contributions) of each
independent variable. There are two types of contributions, namely the effective
contribution (SE) and relative contribution (SR). Effective contribution amount for all
variables equal to the coefficient of determination, whereas the relative contribution
amount for all the independent variables are equal to 1 or 100% (Hadi, 2001).
Calculation results predictor donations are as follows:

1) Effective Contribution (SE%)
a. Sanitation-Hygiene (X1)

SE (X1)% = Bx1 x rxyl x 100% = 0.755 x 0.904 x 100% = 68.252% = 68.25%
b. Process Control (X2)

SE (X2)% = Bx2 x rxy2 x 100% = 0.213 x 0.752 x 100% = 16.0176% = 16.02%
c. Management Control Management (X3)

SE (X3)% = px3 x rxy3 x 100% = - 0.013 x 0.522 x 100% = 0.6786% = - 0.68%

2) Relative Contribution (SR%)
a. Sanitation-Hygiene (X1)

SE (X1)%
SR(X)% = %x 100 %
68,25 %
S35 X100%
=81.65%

b. Process Control (X2)

SE (X,)%
SR (X,)% = %x 100 %
16,02 %

83590, X 100%
) 0

=19.16%
c. Control Management (X3)

_SE (Xa)%

SR (X3)% P

x 100 %
- 0,68%

83.59 0 x 100 % =-0.81%
) 0
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CONCLUSION
Environmental effect of slice noodle’s food toward consumer intermediate behavior is
shown by the equation:

Y =-1372+0.422 X1+ 0.266 X2 - 0.021 X3

Priority in purchasing decisions of consumers sliced noodles in SME’s Mr. Mulyono
based relative value of the effective contribution and the largest, the sanitary-hygiene
variables with the effective contribution of 68.25% and the relative contribution of
81.65%.
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ABSTRACT

Stem borer attack is one of the limiting factors in the production of sugar cane. Proper
management of plant nutrients to improve soil productivity could also improve plant
resistance to borer attack and increase the yield of sugar cane. The aim of this research
is to study the effect of fertilizer and boiler ash application in improving sugar cane
plant resistance to stem borer attack. A Split-Split-Plot field experiment was arranged in
a Randomized Completely Block Design with three replicates. The main plot was
inorganic N, P, K fertilizer (standard dose, 2/3 standard dose, 1/3 standard dose). The
sub plot was boiler ash application (80 tons/ha boiler ash and without boiler ash). The
sub-sub plot was type of Liquid Organic Fertilizer (LOF) (LOF “Bacteria”, LOF
“Double” and LOF “Plus”, no LOF application). Field observation was conducted on 4
months old plant to examine the percentage of stalk attacked and percentage of
internodes damaged by stem borer. Artificial infestation in laboratory was conducted to
examine biological performance of Chilo auricilius on treated plants. The application
of low dose of inorganic N, P, K resulted in significantly lower incidence of sugar cane
infested by stem borer. Application of boiler ash could increase sugar cane resistance
by reducing first instar larvae survival and reducing third instar larval growth. The
application of LOF “Plus” could increase the resistance of sugar cane against stem borer
attack by reducing third instar larval growth and decreasing the damage on treated
plant.

Keywords: stem borer, sugar cane, resistance

INTRODUCTION

Stem borer Chilo auricilius Dudg. is one of key pests of sugar cane in Indonesia
(Sallam et al., 2010). Year round cane cultivation in PT. Gunung Madu Plantation
causes this pest always present in the field (Saefudin & Sunaryo, 2010). Crop yields and
sucrose content in sugar cane could decrease significantly because of borer infestation.
Observation on 11 months old cane in Gunung Madu Plantation, Lampung showed that
stem borer infestation of 16-20% and 46-50% reduced sugar content by 0.91% and
2.26%, respectively. However, borer infestation up to 50% did not significantly reduce
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weight, length and % cane juice (Saefudin, 2012). Borer’s infestation on two months
old cane could reduce sugar content by up to 97% (Mardiyani, 2012).

There are various control methods can be applied to reduce borer’s infestation in sugar
cane, including the use of resistant varieties. However, some resistant varieties have
lower sugar content than the susceptible ones that are not favored by growers.
Therefore, there is a need to improve the resistance of high yielding susceptible varieties
against borer’s infestation. Plant resistance to pest attack can be improved by providing
appropriate nutrients. Silicon (Si) has been identified to increase plant resistance to
pests and diseases (Savant et al., 1999; Datnoff et al., 2005; Laing & Adandonon, 2005;
Meyer & Keeping, 2005). In plant, Si is deposited in cell wall served as physical and
mechanical barrier. It is also involve in developing plants resistance against multiple
stresses through metabolic and/or physiological activities (Liang et al., 2007).

Several studies have shown that application of Si rich materials increase sugar cane
resistance to borer attack. Application of bagasse furnace ash and silica slag
significantly reduced the incidence of borer damaged in sugar cane treated plots than
untreated control plot (Pan et al., 1979). Other studies showed that application of
different sources of Si increased sugar cane resistance to the stem borer Diatraea
saccharalis F. (Anderson and Sosa, 2001), Eldana saccharina Walker (Keeping and
Meyer, 2003; Meyer and Keeping, 2005; Kvedaras & Keeping, 2007; Kvedaras et al.,
2007) and to shoot borer Scirpophaga nivella intacta Snellen (Saefudin & Sunaryo,
2010).

Boiler ash is an agricultural waste from the combustion of bagasse generated in the
sugar production process. Boilers ash contains 71 % SiO,, 2.4 % P205, 9 % K20, 4 %
CaO and several micro nutrients (2.3 % Na20, 3.1 % Al203, 3.7 % Fe203 dan 3.2 %
MgO) (Disbunjatim, 2011). Boiler ash from Gunung Madu Plantation contains silicon
7.97 £ 0.58% (Saefudin & Sunaryo, 2010). Application of boiler ash can increase the
nutrient content of the soil when applied together with manure or compost, besides the
high content of silicon can increase plant resistance to pests and diseases. In addition,
applying boiler ash to the field will reduce the amount of sugar factory waste disposal.

Sugarcane is a crop that requires a lot of fertilizer to produce high yield with high sugar
content. Inorganic fertilizer may supply the needs of macro nutrients, such as nitrogen,
phosphate and potassium. However, the use of excessive dose of inorganic fertilizer
could lower the soil quality. Consequently, plants do not respond to fertilization, despite
increased doses of inorganic fertilizers, and increasing crop productivity is not
comparable to the addition of fertilizer intake (Adiningsih, 2006; Padmini, 2010). On
the other hand, organic fertilizer provides macro and micro nutrient only in a modest
level, but has less negative impact to the environment. Therefore, there is a need to
balance the use of inorganic and organic fertilizer.

To improve soil productivity, improve efficiency of inorganic fertilizer use, as well as
increase sugarcane production and yield, environmentally friendly cultivation
technology can be applied by improving soil biology system and utilizing agricultural
waste. Agricultural waste can be processed into liquid organic fertilizer and then used to
add nutrients and plant hormones. Proper fertilization can accelerate and strengthen the
growth and development of plants, increase resistance to certain pests and diseases, and
thus improve plant production (Thompson and Troeh, 1978). This research aims to
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study the effect of inorganic and liquid organic fertilizer and boiler ash application on
sugar cane resistance to stem borer attack.

MATERIALS AND METHODS

A Split-Split-Plot field experiment was arranged in a Randomized Completely Block
Design with three replicates. The Main plot was inorganic N, P, K fertilizer consisted of
3 levels, i.e., standard dose (N: 300kg/ha, P: 200 kg/ha, K: 300kg/ha), 2/3 standard dose
(N: 200kg/ha, P: 200 kg/ha, K: 133 kg/ha), 1/3 standard dose (N: 100kg/ha, P: 67 kg/ha,
K: 100kg/ha). The Sub plot was boiler ash application consisted of 2 levels, i.e., 80
tons/ha boiler ash and without boiler ash. The sub-sub plot was type of Liquid Organic
Fertilizer (LOF) consisted of 4 levels, i.e., no LOF application, LOF Bacteria, LOF
“Double” and LOF “Plus”. The LOF was applied once a month at concentration 20
mL/L until the plant was 4 months after planting.

Field observation was conducted on 4 months old plant to examine the percentage of
stalk attacked by stem borer and percentage of internodes damaged by stem borer. For
each plot, six sampling points was selected randomly. Number of total plants and
number of infested stalks were counted in 1 m of selected rows. Two infested stalks
from each sampling points were split longitudinally to count the number total
internodes/stalk and number of internodes damaged.

In addition, cane stalk of each treatment was cut for artificial infestation in the
laboratory. The spindle (rolled leaf) was cut 8 cm long and infested with 20 first instar
larvae (L1) of stem borer (C. auricilius) then kept in a glass tube. The upper part of
stalk (the 4™ fully open leaf from top) was cut 6 cm long. The top and the bottom part of
the upper stalk cut were covered with aluminum foil to prevent the larvae to bore into
the open cut. Two third instar (L3) stem borer larvaec were introduced in the leaf
insertion (throat), and then kept in a plastic tube. The middle part of stalk was cut 6 cm
long and bored longitudinally in the middle of stalk. Two third instar (L3) stem borer
were infested through the hole, then kept in a plastic tube. The infested stalk cuts were
incubated (t: 30£2 °C) for four days. The number of larvae (L1 and L3) died, number of
leaf layer bored, weight of frass produced by L3, the length of bored stem and weight
gain by L3 infested on stalk.

Collected data were analyzed using SAS® Software. Percentage data were transformed
into Arcsin Vx+1 before being analyzed. The data were subjected to Generalized Linear
Model (GLM) procedure followed by Duncan Multiple Range Test.

RESULTS AND DISCUSSION
A. Field Observation

Field observation showed that application of different dose of N, P, K fertilizer
(inorganic), ash and different types of liquid organic fertilizer (LOF) did not
significantly affect percentage of damaged internodes. However, percentage of stalk
attacked by stem borer was significantly higher on cane treated with standard dose of N,
P, K than that treated with 1/3 of standard dose, but was not significantly different from
that treated with 2/3 of standard dose. The application of ash and different types of LOF
did not significantly affect percentage of stalk attacked.
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These results indicates that by lowered the input of inorganic fertilizer (N, P, K) could
reduced the percentage of stalk attacked by stem borer. High dose of inorganic fertilizer,
especially nitrogen fertilizer, could boost vegetative growth of plant but resulted in
succulent tissue. This condition makes plant vulnerable to pest attacked. Previous study
showed that fiber content of the cane reduced as the N application rate increased and
thus increased the number of stalks and internodes damaged by E. saccharina
(Coulibaly, 1990). Other study showed that E. saccharina larval survival, percentage
internodes bored and percentage stalk length bored increased significantly with
increasing levels of N (Keeping et al., 2011).

However, percentage of stalk attacked and internodes damaged did not affected
significantly by application of boiler ash that rich in Si and different types LOF (Table
1). It could be that Si deposition in young cane (4 month after planting) has not been
able to suppress stem borer infestation. Previous study showed that Si content in stalk
was lower than leaves that resulted in no significant effect of silicate applied on stalk
borer damage (Camargo et al., 2011).

Table.1: Stem borer infestation on 4 month plant cane

Treatment Stalk attacked (%) Damaged internodes (%)
N.P. K Standard dose* 35.0+£2.2 a 21.4+0.8 a
D;sé 2/3 dose 32.8£1.4 ab 20.0+0.6 a
1/3 dose 29.442.3 b 19.7£1.0 a
Boiler ash 80 tons/ha 33.3+£1.6 x 20.6+0.6 x
application No application 31.541.7 x 20.1+0.7 x
Liquid "Bacteria" 33.4+1.8p 21.7+1.0 p
Organic "Double" 29.5£2.7p 20.0+1.0 p
Fertilizer Plus" 33.7£3.0 p 19.4+1.1p
No application 33.1£1.9p 20.4+0.5 p
Interaction - -

Standard dose*: N: 300kg/ha, P: 200 kg/ha, K: 300kg/ha

Means within a column followed by the same letter are not significantly
different from one another as determined by Duncan’s multiple range tests.

2. Laboratory Experiments

The mortality of L1 was significantly lower when they were infested on spindle (rolled
leaf) of cane treated with 1/3 of standard dose of N, P, K than those infested on cane
treated with higher dose. More L1 died when they were infested on spindle (rolled leaf)
of cane treated with ash than those infested on cane without ash application. The
mortality of L3 did not significantly affected by ash application or LOF application.
However, the mortality of L3 was significantly higher when they were infested on upper
part of cane stalk treated with 2/3 of standard dose of N, P, K than those infested on
cane treated with full dose of N, P, K, but similar to those infested on cane with 1/3 of
standard dose of N, P, K (Table 2).

Lower survival of newly hatched (L1) C. auricilius larvae occurred when they were
infested on rolled leaves (spindle) from plant treated with higher dose of N, P, K
fertilizer. This result is in contrary to the results of previous research that showed
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increasing levels of N significantly increased larval survival (Keeping et al., 2011). It
could be because in this research the application of higher dose of N was also followed
with higher dose of P and K. Phosphorous (P) has a role in energy generation, nucleic
acid synthesis, photosynthesis and other physiological processes in plant (Vance et al.,
2003). Potassium (K) supports plant defence against abiotic and biotic stresses,
including pest attack (Wang et al., 2013).

Higher mortality of first instar C. auricilius larvae infested on spindle of cane treated
with ash could be because the rolled leaf contains Si that hampered the young larvae to
chew the epidermis of leaf tissue. Previous study showed that epidermal tissue of leaf
bud, internodes and root band of sugar cane treated with calcium silicate had increased
silica than untreated plant (Keeping et al., 2008). Young larvae have fragile mandible,
the presence of Si in epidermal tissue could damage the mandible (Savant et al.,
1999).0Other study showed that cell wall of tissue culture deposited in silicic acid was
thicker, contains cellulose and hemicelluloses per cell-wall unit area was larger (Nissan
et al., 2011). This Si content and cell wall structure served as mechanical barrier to
young larvae to feed that lead to mortality.

However, this effect was less significant on larger larvae (L3). The mortality of L3 was
similar whether they were infested on plant treated with ash or without ash. Dose of N,
P, K and ash application did not significantly affect number of leaf sheath bored by L3.
Number of leaf sheath bored by L3 infested on the upper part of stalk from cane without
LOF application was not significantly higher than those treated with LOF “Double”, but
it was significantly higher than those treated with LOF “Bacteria” or LOF “Plus” (Table
2). Liquid Organic Fertilizer "Bacteria" contains a variety of soil microbes beneficial for
soil health. Microorganisms’ activity will generate residual and metabolic substances to
form soil aggregates ideal for plant growth and ecosystem balance in the soil (Saraswati
et al., 2006). Besides containing nutrients LOF "Plus" also contains botanical pesticide
thus increasing plant resistance to pests.

Table 2: Biological performance of Chilo auricilius on upper part of stalk and spindle of
4 month plant cane

Number of
Mortality Mortality of Leaf Sheath  Frass Weight
Treatment of L1 (%) L3 (%) Bored (2)
NP.K Standard dose* 51.843.4a 9.1£2.1b 3.1+0.4 a 0.019+0.002 a
DZ)s,e 2/3 dose 54.5t3.8a 142+29a 3.7404a 0.016+0.001 a
1/3 dose 43.442.0b 9.6+1.8ab 3.4404a 0.016+0.001 a
Boiler ash 80 tons/ha 545+3.1x  12.8+2.1x 3.1+03x 0.019+0.002 x
application No application 46.1£2.0y 8.9+1.6x 3.720.4x  0.015£0.001 y
Liquid "Bacteria" 49.0£34p 11.1£3.7p 3.0+04q 0.017+0.001p
Organic "Double" 50.5¢43p 122422p 3.3+0.5pq 0.015+0.001 p
Fertilizer  Plus" 523+42p 10.6£2.5p 3.0+0.6q 0.016+0.001 p
No application 49.3+3.5p 94+2.1p 4.1+04 p 0.021+0.003 p
Interaction - - - -

Standard dose*: N: 300kg/ha, P: 200 kg/ha, K: 300kg/ha. Means within a
column followed by the same letter are not significantly different from one

another as determined by Duncan’s multiple range tests.
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Weight of frass (feces) produced by L3 infested on the upper part of stalk from cane
treated with boiler ash was significantly higher than that produced by L3 infested on
cane without ash application. Dose of N, P, K and LOF application did not significantly
affect weight of frass produced by L3 (Table 2).

Silicon mostly was accumulated in epidermal tissue of internodes, but less dense in the
underlying tissue (Keeping et al., 2008). Therefore, once the larvae were able to
penetrate they can consume the tissue.The L3 gain less weight when infested on the
middle part of stalk from cane treated with ash than that infested on cane without ash
application. Silicon appears to contribute to the reduced larval growth. This result is
similar to other research on Eldana saccharina Walker (Kvedaras & Keeping, 2007)
and Diatraea saccharalis (F.) (Sidhu et al., 2013). Dose of N, P, K did not significantly
affect larval weight gain (Table 3).

Table 3: Biological performance of Chilo auricilius on middle part of stalk of 4 month
plant cane

L3 Weight gain  Length of Bored

Treatment (2) Stalk (mm) Frass Weight (g)
N.P. K Standard dose*  0.069+0.002 a 42.2+1.2 a 0.031+0.001 a
D;sé 2/3 dose 0.065+0.002 a 42.5+1.3 a 0.029+0.001 b
1/3 dose 0.066+0.003 a 44.4+1.0 a 0.028+0.001 b
Boiler ash 80 tons/ha 0.064+0.002 y 43.1+0.9 x 0.030+0.001 x
application No application  0.069+0.002 x 43.1+1.0x 0.029+0.001 x
Liquid "Bacteria" 0.065+0.002 q 43.0+14p 0.029+0.001 pq
Organic "Double" 0.064+0.001 q 42.8+0.8 p 0.030+0.001 pq
Fertilizer Plus" 0.064+0.002 q 43.9+1.8 p 0.028+0.001 q
No application ~ 0.073£0.005 p 42.5¢1.3 p 0.031+0.001 p
Interaction - - -

Standard dose*: N: 300kg/ha, P: 200 kg/ha, K: 300kg/ha

Means within a column followed by the same letter are not significantly
different from one another as determined by Duncan’s multiple range tests.

The application of LOF seems to increase plant resistance to stem borer by reducing
larval growth and feeding damage. The L3 gain more weight when infested on the
middle part of stalk from cane without LOF application than that infested on cane
treated with various types of LOF. L3 infested on the middle part of stalk from cane
treated with LOF “Plus” produced significantly less frass than those infested on cane
without LOF application, but it produced about similar weight of frass than that infested
on cane treated with other types of LOF (Table 3).

Weight of frass (feces) produced by L3 infested on the middle part of stalk from cane
treated with standard dose of N, P, K was significantly higher than that produced by L3
infested on cane treated with lower dose (Table 3). The fibre content of the cane
decreased as the N application rate increased (Coulibaly, 1990). This made the larvae
consumed more and produced more frass. However, this did not prolong the bored
tunnel in internodes. Length of bored stalk did not affected significantly by N, P, K
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dose, ash application and LOF application. Ash application did not significantly affect
frass produced by L3 (Table 3).

CONCLUSION

The resistance of sugar cane to pest infestation and damage can be improved by plant
nutrition management. The application of low dose of inorganic N, P, K in combination
with boiler ash and LOF “Bacteria” or LOF “Plus” may increase the resistance of sugar
cane toward stem borer attack. Application of boiler ash in combination with liquid
organic fertilizer made of agricultural waste could support green agroindustry, by
reducing and recycling the agroindustrial waste.
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ABSTRACT

Vascular streak dieback, caused by the fungus Oncobasidium theobromae (Talbot &
Keane), is a disease of high economic importance in Indonesia. The disease affects both
young seedlings and mature cocoa trees and in several provinces of Indonesia. In high
infection, it causes plant death. This study was conducted to obtain the relationship
between weather condition and disease epidemics. The results showed that the
basidiospore are dispersed up to 350 m from diseased cocoa trees. Disease severity
was closely correlated with rainfall incidence a few months earlier, high incidence
disease and fungus sporulation was observed in high humidity.

Key words : vascular streak dieback, disease epidemic, and weather conditions.

INTRODUCTION

Vascular streak dieback (VSD) is a very damaging disease of cocoa in South East Asia.
In Indonesia, it reached epidemic in the 2000s, It spreads at almost entire cocoa growing
area this country, detrorying plantation and preventing the establishment of new
planting (Halimah & Sri Sukamto, 2007). VSD was destroyed cocoa industry in Papua
New Guinea at early 1960s ant reached epidemic ten years later. It killed 100%
susceptible cocoa clones (Efron et al., 1999).

The most characteristic initial symptom of VSD is the chlorosis of a single leaf, usually
on the second or third flush behind the shoot apex, with scattered islets of green tissue
2-5 mm in diameter. Affected leaves are shed within a few days and symptoms
progressively develop on adjacent leaves up and down the stem. Lenticels on infected
trees usually become enlarged, causing roughening of the bark. Three blackened
vascular traces are visible when the dry surface is scraped off scars resulting from the
fall of the diseased leaves. When stems are split, infected xylem is visible as dark
streaks within the vascular tissue. Eventually leaf fall occurs up to growing tip, which
then dies. The fungus may spread internally to other branches and usually kill the tree if
it spread to the trunk (Guest & Keane, 2007).

When an infected leaf falls during wet weather, hypha may emerge from leaf scar and
develop into basidiocarps. This structure is visible as a white, coating over the leaf scar
and adjacent bark. Basidia develop on the basidiocarps after evening rainfall. Prolonged
period of wetness are required for basidiocarp formation, basidiospore release,
dissemination, and infection of leaves. Thus, there is a critical link between weather
conditions and infection period (Keane & Prior, 1992).
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Regular pruning of infected branches about 30 cm below discoloured xylem is used in
some plantation to reduced inoculum level. It prevents futher extension of infection
(Guest & Keane, 2007). In a mature plantation in Java where highly trained workers
detect and prune out infected branches every two weeks for nearly two years, the
incidence of infected trees was kept below one percent. In contrast, in unpruned
planting, disease incidence increased from about 30 to 90% in a 10 month period
(Soekirman & Purwantara, 1992). However, regular pruning promoted vegetative
growth of the tree and decreased pod yield.

This paper presented the role of climatic condition in development of VSD in cocoa
plantation.

MATERIALS AND METHODS

This research was conducted at Indonesian Coffee and Cocoa Research Institute at
Jember (climatic type was D according to Schmidt & Ferguson). The eight years-old-
polyclonal cocoa trees were planted at Kaliwining Plantation (45 m above sea level)
which was used as a plot trial. Basidiospore dissemination of VSD pathogen was
evaluated at different distances from the source of inoculum (diseased tree plot),
namely : 50, 100 150, 200. 300, and 350 m at four wind directions. Glass microscope
slides covered with vaseline were placed vertically at the height of 2.5 m from ground
surface. These slides exposed to the air over night and the trapped propagul observed in
the morning by microscopy. This observation was replicated daily during two months
(May-June). Climatic conditions were recorded during the observations, included
temperature, relative humidity, rainfall, and wind velocity.

VSD disease severity was assessed by scoring the intensity of natural infection of the
disease on the branches (Table 1). The canopy of each tree was divided into four
quarters for sampling. Diseased branches were selected purposively to VSD assessment
which represented by ten trees of six clones (KW 516, Sul 1, Sul 2, ICCRI 03, ICCRI
04, TSH 858). This assessment was conducted in two weeks interval. In addition, fungal
sporulation was assessed daily by means of branch area covered of fungal colony after
cutting off these branch.

Table 1. Scoring used for evaluation of VSD severity in the field

Score Disease category  Symptom

0 Healthy 0 % infected

1 Very light 5% leaves infected

2 Light 5 — 10% leaves infected, chlorosis;necrosis leaves falling
down, lenticel swelling

3 Moderate 10 — 25 % leaves infected, chlorosis/necrosis some

leaves falling down, lenticel swelling
4 Moderately heavy 25 — 50% leaves infected, chlorosis/necrosis leaves
falling down, lenticel swelling

5 Heavy 50 — 75% leaves infected, chlorosis/necrosis some leaves
falling down, lenticel swelling, fruit body present
6  Very heavy 75% leaves infected, chlorosis/necrosis leaves falling

down, lenticel swelling, some fruit body present,
branches dried.
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Sources: Halimah & Sri-Sukamto (2007)

The relation of spore dispersal and air humidity and temperature was determined
by correlation analysis.

RESULTS AND DISCUSSION

VSD epidemic of cocoa is related to inoculum production and dispersal at field. The
gradient distance from diseased cocoa trees influences spore dispersal and disease
severity as shown in Table 2.

Table 2. Basidiospore dispersal of O. theobromae at different
distances from diseased tree.

Distance from source of inoculum (m)  Basidiospore/night

Close to source of inoculum 19.87
50 5.30
100 4.57
150 2.57
200 0.94
250 0.43
300 0.22
350 0.03

Table 2 shows that spore numbers decreased with an increasing gradient in distance
from source inoculum. At distance of 350 m, spore were still detected. There were slight
differences in spore detected at different distances in comparison to prior observations.

Table 3. Air humidity and temperature and arrested basidiospore of O. theobromae

Basidiospore/ Humidity Tempera- Day Basidiospore/ Humidity Tempera-

,I[:())ay night (%) ture (°C) to.. night (%) ture (°C)
1 4.41 97.41 24.24 16 4.78 98.15 24.56
2 2.97 88.82 24.08 17 4.81 97.77 24.12
3 3.47 97.74 24.60 18 5.09 96.08 24.13
4 4.16 80.71 24.77 19 4.19 98.08 24.63
5 4.94 83.07 23.87 20 3.81 97.54 23.53
6 4.63 83.07 24.52 21 2.81 95.15 23.17
7 4.50 97.00 23.51 22 3.34 95.92 23.28
8 2.25 97.85 23.66 23 4,72 96.00 24.32
9 3.06 98.15 23.35 24 5.09 97.77 22.90
10 4.28 98.23 22.89 25 5.52 98.08 23.12
11 4.31 98.85 24.44 26 4.47 97.00 23.81
12 4.88 98.10 23.79 27 4.47 96.69 23.59
13 4.53 96.00 24.44 28 7.78 95.94 23.89
14 4,94 97.08 23.65 29 3.63 97.00 23.38
15 4.00 97.54 24.20 30 5.37 96.69 23.42

Keane and Prior (1992) stated that disease spread from infected cocoa into younger,
healthy population occurs along a steep gradient, with very few infections occurring
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beyond 80 m from diseased trees. Sri-Sukamto and Nur Aini (2012) found that spore
dispersal can reach to 320 m from a source of inoculum. However, spore numbers were
higher than in our observations.

The results showed that there were no close correlations between basidiospore dispersal
and humidity nor with temperature at night as shawn by R% 0,32. Nevertheless, high
humidity is suitable condition for VSD development in cocoa plantations. High
humidity at night is required for basidiospore release, dissemination, and infection of
leaves. The humidity remains over 90% for almost of all observations. The effective
spore dispersal is probably limited to a few hours of high humidity following their
discharge from basidiocarp. Wind speed was not recorded of all observation but it does
mean that there is no windblown in the night. Quiet air condition caused spore down at
speed of 0,5-20 mm/second (Halimah & Sukamto, 2007). Keane & Turner (1971) stated
that spores of O. theobromae are wind-borne and can cause the infection if wind
blowing gently.

Field observations showed that VSD severity was different between cocoa clones. In
addition, disease severity were higher in initial observations and became lower as
shown in Table 4.

Table 4. VSD disease severity of some cocoa clones.

Observation Cocoa clones
(two weeks KW 516 Sull Sul 2 ICCRI03 ICCRI04 TSH 858
interval)

1 2.90 2.20 2.90 1.00 1.00 1.70

2 1.30 1.00 1.40 1.00 1.50 2.40

3 1.00 1.00 1.20 1.00 1.00 1.20

4 1.00 1.00 1.60 1.00 1.30 1.10

5 1.10 1.00 1.60 1.00 1.30 1.10

Mean 1.46 1.24 1.74 1.00 1.22 1.50

Higher disease severity in the initial observations were related to weather conditions,
especially three until five months previously (January-March) when rainfall still
occurred. At subsequent observations, the disease rate was lower and resulted from
cultural efforts to prevent VSD epidemic. Diseased branch were pruning regularly in
order to removal the source of inoculum. Shade and canopy management to increase
aeration and sunlight interception on foliage is of critical importance as sporulation and
infection require moist condition. In addition, these result showed that ICCRI 03 and
ICCRI 04 have lowest severity and more resistant than the other clones. Nevertheless,
Susilo & Anita (2011) indicated that these six clones appeared to be potential resistant
ones that have good potential for VSD resistance breeding programme.

CONCLUSIONS

Based on the result of the observation, it concluded that : 1) spore dispersal can reached
to 350 m at distance from the source of inoculum; 2) high humidity along the night is
very important in VSD epidemics; and 3) the six cocoa clones have potential resistance
to VSD control.
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ABSTRACT

The aims of the experiment was to determine the optimum dosage of sour-sop leaves
and seeds powder for decreasing Callosobruchus development and to maintain the
quality of mungbean storaged seed. The experiment was conducted at Plant Protection
Laboratory, Faculty of Agriculture, UPN “Veteran” Yogyakarta from March to August
2013. It consisted of two factors: the part of sour-sop plant’s powder: leaves, rib of
leaves and seeds; and the dosages of sour-sop powder: 10, 20 and 30g/100g mungbean
seeds and one control treatment: no sour-sop powder application. It was arranged in
Randomized Completely Design with four replications. Data collected was subjected to
an analysis of variance followed by DMRT at 5% significance level. The results
showed that: 1) The dosage of sour-sop seed powder 30g/100g mungbean seeds had the
highest of Callosobruchus mortality (75%) on 96 hour after treatment and had better
seed vigor than other combination treatments. 2)The sour-sop seed powder had the
lowest Callosobruchus population and seedweight lost, on 1 and 2 month storage
periods. 3) The quality of mungbean seed had decreasied on 2 month storage period.

Keywords: sour-sop powder, Callosobruchus sp., mungbean storage seeds

INTRODUCTION

The production of mungbean is plagued by various pests, with insects causing the worst
damage. The most important storage pest of mungbean is Callosobruchus spp. It
belongs to the family Bruchidae. The larvae bore into the pea or bean throughout most
of the tropics and subtropics (Hill and Waller, 1999). They develop inside kernel and
feed on starchy interior. Adults hatch and making tunnel in the grain and continue to
feed voraciously on the grain. They caused 50% seed weight loss of mungbean for 3
month (Priyono and Harahap, 1995).

Losses caused by storage pests include weight loss, loss in quality and market value,
promoting of mould development, reduced germination in seed material and reduced
nutritional value (Lowenberg- Deboer, 2003).

Insecticides, at the moment, are the best weapon against insect pest. Insecticides are
chemical that affect the biological processes of many living organism and may act as
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poisons to many animals’ species (Hayes and Lawes, 1991). Insecticides have a wide
range in mammalian toxicity, its toxic doses range from 1mg/kg in the diet of a
vertebrate animal to very large amount, which are needed to kill a mammal (Hardy,
1990)

Although the pest can be effectively controlled by synthetic insecticides (Arthur 1996;
Golob 1988), these insecticides cause serious problems of toxic residues, health and
environmental hazards, in addition to development of insect resistance (Fishwick, 1988;
Golob et al., 1982; Yusof& Ho, 1992cit. Asmanizar et al., 2012). The need for finding
materials that are effectively protect rice grain which are readily available, affordable,
relatively less poisonous and less detrimental to the environment had stimulated interest
in the development of alternative method of control, such as using of botanical
insecticide.

Botanical insecticides are getting the great interest, because they are natural
insecticides, toxicants derived from plants. Since the use of chemicals has so many
adverse effects on the environment, the botanical insecticides have been widely adopted
by the farmers to control the insect pest that attack cowpea (Pereira et al 1982). The
effectiveness of botanical insecticides has been demonstrated in many studies. Many of
the plant species concerned have also been used in traditional medicine by local
communities and have been collected from the field or specifically cultivated for these
purposes. Leaves, roots, twigs and flowers have been admixed as protectant with
various commodities in different parts of the world (Asmanizar et al., 2012).

The laboratory evaluation of the repellency of two pepper varieties, Capsicum annum
and Caesium frutescens (caynene pepper) to cowpea weevil, Callosobruchus maculatus
was carried out and found effective (Egwunyenga et al., 2000).The plants of
Azadirachta indica A. Juss (common name: neem) and Citrus sinensis (common name
sweet orange) have been reported to have some insecticidal properties against pests
(Taylor, 1975). For example C. sinensis pea powder has proved potentially against C.
maculatus, depressing oviposition and progeny emergence on cowpea, although at high
doses (Taylor, 1975).

Grain protectants are defined as pesticides which are incorporated directly into the grain
mass for protection against insect. This is also known as admixture treatment. The
advantage of insecticide are: generally easy in preparing, inexpensive and a single
application of an effective insecticide, correctly formulated, giving control of existing
insect infestation (including, eventually, any insect stages within the kernels) and
protecting the grain against re-festation for a substantial period (Proctor, 1994). More
information is needed regarding the effectiveness of the soursop leaves and sour-sop
seeds powder in controlling Callosobruchus sp. and maintaining mungbean seed quality
in storage.

MATERIALS AND METHODS

The experiment was conducted at Plant Protection Laboratory, Faculty of Agriculture,
UPN “Veteran” Yogyakarta from March to August 2013. It consisted of two factors:
the part of sour-sop plant powder: leaves, rib of leaves and seeds and the dosages of
sour-sop powder: 10, 20 and 30g/100g mungbean seeds and one control treatment: no
sour-sop powder application. It was arranged in Randomized Completely Design with

ICGAI, Yogyakarta, INDONESIA, November 12-14, 2013 46



Ami Suryawati and Chimayatus Solichah.

four replications. Data collected was subjected to an analysis of variance followed by
DMRT at 5% significance level.

A. Bioassay (Mortality Test)

Each plastic glass contains, 50g seeds mixed with soursop powder, depended on the
treatment. Ten (10) newly emerged adults of Callosobruchus spp. was introduced into
plastic glass. The glasses were covered with fine fabric nets to ensure aeration.
Percentage of mortality was calculated daily for four (4) days.

B. Evaluation of Seed Quality

After 2 months seed storage period, weight loss of mungbean seed was measured. For
germination test, four replicated of 50 seeds from each treatment were planted on sand-
filled germination bag, allowed to germinate for 7 days and then all germination test
parameters were recorded.

C. Phytochemic tests

Polar fraction was analyzed by using ethanol and non-polar fraction by using n-hexan.
Alcaloids were detected with Dragendorff and terpenoids with sulphate acid
anisaldehide. Phitochemic tests by Thin Layer Chromatography (TLC).

RESULTS AND DISCUSSION

Comparation between treatments and control were using Least Significant Difference
and contrass orthogonal at 5% level. The result showed that mortality of
Callosobruchus spp. occured on 48 hours. Weevil mortality on mungbean seeds treated
with various powder of soursop was significantly difference on 78 and 96 hours after
applications. Generally, the percentage of weevil mortality increased with the increasing
of powder concentration tested on mungbean seed. The highest mortality was on 78 and
96 hours after applications occured on seed powder application (Table 1). The active
compound of soursop powder needed longer time to penetrate insect cuticules, that’s
way significantly mortality occured on 72 hours after application. Seed powder caused
higher mortality of Callosobruchus spp. than leaf and rib of leaf powder, because active
compound of seed powder such as acetogenin, squamosin and annonain was higher than
the others. Squamosin could depress respiration on mitochondria and spesificly
depressed electron transfer.

The powder of A. muricata seed exhibited greater toxic effects against C. chinensis
adult than A. muricata, indicating that the powder seeds contain chemical components
that are not present in leaf. Dos Santos and Sant’Ana (2001) and Isman (2006) reported
that the Annonaceous species such as A. muricata had the Annonaceous acetogenin, a
class of natural compound with a wide range of biological activities. The acetogenin
from A. muricata seed had been known to have substances that act as botanical
insecticide (Leatemia & Isman 2004).
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Table 1. Percentage ofCallosobruchus sp mortality on 48, 72, 96 and 120 hours after application
Observation on 48 hours after application

Part of soursop plant Dosage of soursop powder per 100 g seeds Means
05¢g 109 159
Leaf 0,00 0,00 2,50 0,83 a
Seed 0,00 0,00 0,00 0,00 a
Rib of leaf 2,50 0,00 5,00 2,50 a
Means 0,83 ] 0,00 j 2,50 1,11 x (-)
Untreated 0,00 x
Observation on 72hours after application
Part of soursop plant Dosage of soursop powder per 100 g seeds Means
05¢g 1049 1549
Leaf 2,50 0,00 2,50 1,67 ¢
Seed 17,50 20,00 30,00 22,00 a
Rib of leaf 15,00 12,50 17,50 15,00 b
Means 11,67 10,83 j 16,67 12,89 x (-)
Untreated 0,00 x
Observation on 96hours after application
Part of soursop plant Dosage of soursop powder per 100 g seeds Means
05¢g 1049 159
Leaf 10,00d 12,50d 12,50d 11,67
Seed 42,50 ¢ 57,50 b 75,00 a 58,33
Rib of leaf 40,00 ¢ 40,00 ¢ 35,00 ¢ 38,33
Means 30,83 36,67 40,83 36,11 x (+)
Untreated 10,00y
Observation on 120hours after application
Part of soursop plant Dosage of soursop powder per 100 g seeds Means
05¢g 1049 1549
Leaf 37,50 32,50 32,50 34,17 a
Seed 80,00 75,00 77,50 77,50 a
Rib of leaf 60,00 57,50 57,50 58,33 a
Means 59,17 j 55,00 j 55,83 ] 56,67 X (-)
Untreated 4750y

Note : Mean in column (P,Q,R) and row (a,b,c) followed by the same letters are not
significantly different at 5% level Duncan test and Contrast Orthogonal; (-) no
interaction

Table 2 showed that population of Callosobruchus spp. on 2 months storage on control
(untreated) was higher than seed treated. Population of Callosobruchus spp. on seed
powder treatment was lower than the others. Mortality of Callosobruchus spp. on seed
powder treatment was higher than leaf and rib powder, so it could supress oviposition of
adult female and population growth. A. muricata seed contains acetogenins which could
be contributed to the weevil mortality. The acetogenins from the family Annonaceae
was reported to cause high mortality of German cockroach, Blatella germanica (Alali et
al. 1998).

Plant powders have been used to suppress the population of storage pests
(Ogunleye,2000.,0gunleye et al., 2004 and Onu and Baba, 2003). It has been reported
that powders of plant materials are capable of blocking the spiracle of insects
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(Steve,2010, Lale,2002). This can lead to suffocation and death. Secondly, these
powders, when stocked under the wings of insects in the store compled with the fact
that the plant has great itching effects are capable of causing great discomfort to
them.This may prevent them from feeding well and eventually leads to death. It has
been suggested that abrations can lead the loss of fluids and consequently, death of
insects and it may also significantly reduce the rate of oviposition (Ogunwolu et al.,
1998).

The high mortality rate could also be as a result of direct feeding of the insects on the
plant materials. The insects are not able to derive enough nourishment that will support
its normal growth and development from the plants and this may lead to insect
mortality. It is also evident in this research work that C. maculatus is more susceptible
to the adverse effects of the plant materials.

Table2. Callosobruchus sp population after 2 months seed stored

Callosobruchus sp adult population after 2 month stored

Part of soursop Dosage of soursop powder per 100 g seeds Means
plant 0,5 1.0 15

Leaf 117.00 165.75 217.50 166.75b

Seed 68.50 61.25 49.75 59.83a

Rib of leaf 121.75 160.25 122.25 134.75ab

Means 102.42j 129.08k 129.83k 120.44x

Untreated 253.00y

Note : Mean in column (P,Q,R) and row (a,b,c) followed by the same letters are
not significantly different at 5% level Duncan test and Contrast
Orthogonal; (-) no interaction

Table 3 showed the mungbean seed damage after 2 months in storage in the form of
weight loss of seed. The mungbean seed damage increased with increasing their weight
loss.

Table 3. Weight loss of mungbean seed after 2 months stored (%)

Weight loss after 2 month stored (%)

Part of soursop Dosage of soursop powder per 100 g seeds Mean
plant 0,5 1.0 1.5

Leaf 5.4576 3.9925 6.6115 5.3539a

Seed 4.4759 3.9255 4.7002 4.3672b

Rib of leaf 5.8332 7.0595 4.8667 5.9198a

Means 5.2556 4.9925 5.3928 5.2136x

Untreated 14.0365y

Note : Mean in column (P,Q,R) and row (a,b,c) followed by the same letters are not
significantly different at 5% level Duncan test and Contrast Orthogonal; (-) no
interaction

Weight loss on control was higher than treated seed because population of C. chinensis
on control was higher than treated seed. Weight loss on treatment of seed powder was
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lower than leaf and rib of leaf powder because the active compound of seed powder
such as acetogenin, squamosin and annonain was higher than the others.

There was no significant effect of the part of sour-sop plant powder on the percentage of
seed moisture content (Table 4.). There was also of the dosages of sour-sop powder for
2 months seed stored. The treatment and control had no significant effect on seed
moisture content. It showed that the storage condition had no change RH and
temperature.

Table 4. Seed Moisture Content after 2 months stored (%)

Weight loss after 2 month stored (%)

Part of soursop Dosage of soursop powder per 100 g seeds Mean
plant 0,5 1.0 15

Leaf 9.33a 10.02ab 10.92ab 10.09

Seed 9.29a 9.31a 9.92ab 9.51

Rib 