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EDITORS’ PREFACE
We are very pleased to introduce the proceedings of the 6th Research, Science & Technology Conference
held at University of Papua New Guinea from 17th – 21st November 2014. The theme chosen for the
conference “Promoting Responsible Sustainable Development through Science and Technology, the PNG
Way” was selected in recognition of the greatly extended focus on linkage between the science &
technology and the broad area of sustainable development in recent years. The Conference format was
deliberately kept broad and had four main pillars (social, environmental, economic, and governance) with
various subthemes. The conference addressed different but inter-related, cross-disciplinary issues that are
critical to principles of sustainable development. Participants representing several categories of stake
holders from academia, policy makers, industries, businesses, research institutions, and other sectors sent
abstracts of their presentations; full papers of some of these have been included in the proceedings.
Traditionally, the government and public support for science & technology has been weak, yet scientific
research and technological development has become more necessary than ever to solve some of the most
pressing problems facing society. We believe the conference proved to be an important tool for all
stakeholders committed to seeing science harnessed more effectively for the promotion of human well
being and sustainable development. Equally, the situation calls for a commitment whereby scientists in
various fields be responsive to these needs and governments pledge support for research.
This Conference Proceedings are printed in three separate volumes and contain the written versions of
selected contributions presented during the conference. It also includes the Conference Chairman’s
statement and resolutions and recommendations adopted by the conference. The conference committee
hopes that these Proceedings will serve to strengthen the foundations of the rapidly emerging fields of
science and technology, and takes great pleasure in recommending the Proceedings of the Conference to
you.
Finally, we would like to thank all participants for their contributions to the Conference programme and
for their contributions to these Proceedings. Also, it is our pleasant duty to acknowledge the financial
support from the host institution, University of Papua New Guinea, Department of National Planning &
Monitoring, Research, Science & Technology Secretariat, and other sponsors.
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CHAIRMAN’S STATEMENT
1.0. Introduction
The 6th Science and Technology conference was considered as biggest conference hosted by the
University of Papua New Guinea in November 2014. There were more than 130 technical and policy
papers/posters and presentations centered around Sustainable Development strategies, policies, legislation
and issues with specific emphasis on the “PNG Ways.”
On behalf of the Vice Chancellor, Professor Albert Mellam, and the Host Organising Committee we
acknowledge positive contributions by the presenters and participants who ensured it was a rewarding
experience for all of us.
One of the greatest challenges for Papua and New Guinea and the global community is achieving
Responsible Sustainable Development - RSD (The 4 pillars: economic, environment, social and
governance) by managing its natural resources and human capacity through the strong focus on leadership
and governance.
The PNG Sustainable Development Policy embraces The 5 National Goals and directive principles as
captured in our National constitution in 1975. Furthermore, the first principle of the Earth Charter called
the Rio Declaration, which was signed by PNG at the 1992 Rio (Brazil) summit states:
“Human beings are at the centre of Sustainable Development. They are entitled to a healthy and
productive life in harmony with Nature”.
Sustainable Development is defined variously as 'Development that meets the needs of present
generations without compromising the ability of future generations to meet their own needs' – WCED
1987. 'Improving the quality of life whilst living within the carrying capacity of supporting ecosystems 'Caring for the Earth' 1991. Diesendorf and Hamilton (1997) refers to Sustainable Development as the
types of economic and social development which sustain the natural environment and promote social
equity’. Moreover it is ‘... a process, which aims to create an ecologically and economically sustainable
and equitable society, (Diesendorf, and Hamilton 1997). Our own PNG definition back in 1993 was:
Stretim nau bilong tumora or Hari ita hanamoa kerukeru totona - Waigani Seminar 1993. Perhaps during
this conference we might need to redefine sustainable development or more precisely responsible
sustainable development (RSD) in our own PNG way!
PNG’s first National Strategy for Sustainable Development was launched after the 20th Waigani Seminar
on From Rio to Rai: Environment and Development in PNG. It was called “Stretim Nau Bilong Tumora
and was supported to be the action plan entitled “Yumi Wankain”, both published in 1993.
For PNG, the Sustainable Development Strategy has waned through the years and only now is the
impetus to resurrect it culminating into the PNG government policy on RSD by Minister Charles Abel.
The PNG Research Science and Technology Secretariat, University of PNG and its partners have
embraced and supported this RSD policy to unfold the policy and programmes for PNG and its
communities. This gathering of leaders, experts and youths throughout the country and the world will
witness, endorse and discuss the PNG Government Policies on Sustainable Development Strategy to be
implemented in the country in 2015 through science and technology policy and programmes.
The 6th S&T (Science and Technology) conference facilitated open dialogue, discussions on the issues
and constraints about the implementation of the PNG’s Sustainable Development Strategy. The
Government of PNG and especially the Ministry for National Planning and Monitoring, Prime Minister
and NEC Departments, government sectors, companies and educational institutions will promote and
increase understanding of the roll out of PNG Sustainable Development Policy.
The following milestone achievements were witnessed as part of the Conference:
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Launch of the PNG Sustainable Development Policy;
Development of PNG Science and Technology Society;
The Roll out of the UPNG University of PNG Bachelor of Sustainable Development Degree- 4
years;
Launch of Comprehensive Hazards And Risk Management Diploma;
Launch of new publications written by PNG experts on Sustainable Development;
Announcement of PNG Centre for Renewable Energy;
Announcement of East Sepik -April Salumei Reduced Emission on Deforestation and Degradation
(REDD) Project for selling Carbon

2.0. Background
Many prominent leaders and various higher institutions in Papua New Guinea since Independence have
commented that the country lacks a clearly articulated vision and a long-term national strategy for
achieving that vision of building the best little country in the world. The many points of view addressed a
wide range of issues and possible solutions for the country including the PNG Vision 2050 and the
Medium Term Development Strategy (MTDS) linked to global inventions such as Millennium
Development Goals and the Pacific Plan. But they have also contained recurring themes about PNG core
values, and our widely held priorities, which we have tried to capture in this policy and conference. If
we examine our Constitution we find a reference to PNG ways- a reference to the ways of our forefathers.
This is a reference to a culture based on the sharing of wealth and community well being rather than
individual wellbeing, and spiritual oneness with nature. This theme is found in many ancient cultures in
the world. Similar values are at the heart of the Christian religion. This should help to lead the way back
to a new or renewed paradigm.
We must question our automatic adoption of a paradigm that is quite contrary to this, particularly in the
light of historical experience and a current new consciousness. There are priority changes happening to
the world that is forcing a revision of our development thinking and models and we need to recognize this
and help to lead the way back to a new paradigm- RSD. The Recent RSD Policy 2014 recommends a
framework of guiding principles based on the principles of sustainable development, to help sectoral
planners and leading institutions to design and manage sectoral development action plans. These guiding
principles are:






















Internalizes Externalities,
Drives innovation,
Maintains economic growth,
Open and competitive markets and avoid trade restrictions,
Creates decent work and green jobs,
Inclusive; democratic; participatory; accountable; transparent Governance,
Equitable, fair and just – between and within countries and between generations,
Poverty reduction, well‐ being, livelihoods and social protection; access to essential services,
Facilitates education and skills development,
Supports human rights, workers rights,
Retains and protects biodiversity and ecosystems and services,
Is resource and energy efficient,
Respect planetary boundaries or ecological limits,
Sustainable consumption and production,
Be low carbon and low emissions,
Precautionary approach,
Is a means for achieving sustainable development,
Uses integrated approach to decision making,
Uses the beyond the GDP Principle to measure growth,
Promotes international cooperation, and
Is resilient to risks and shocks.
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2.1. Sustainable Development Strategy through Science and Technology- where do we stand today!
In closely examining the PNG Government RSD Policy, the PNG Research Science and Technology
Secretariat and University of PNG and other Universities and partners are the first sectors to contribute to
unfolding the framework of RSD and its 21 principles and implement programmes and activities in our
owns institutions.
The 6th S&T conference was designed to deliberately create an exciting forum, where leaders, overseas
guests, provincial governments, sectors, academic, researchers, students, communities to come together to
discuss ways to support our laws and policies.
“By the year 2050, PNG will have achieved for all its citizens level of economic growth, environmental
protection and overall quality of life among the top 50 nations in the world”. The Four Pillars of
Sustainable Development strategy is the challenge.
Our country is internationally recognized for its vibrant, diverse cultural and tolerant society, its
contributions in the field of science and technology and contribution to its people and society and its
participation in solving global issues. Let’s assume for now that this vision statement is roughly right.
Let’s assume that the vast majority of PNG, representing all segments of our community, feel good about
being part of this vision. How would we go about making such a vision come true?
We would need a national strategy (RSD) – a carefully chosen and widely agreed set of actions for
getting to this desired future state. Suppose we choose quality of life, economic growth and protected
environment and governance (Responsible Sustainable Development) as our 4 fundamental priorities for
the future and we build a national strategy around them.
In the design of the framework for our strategy- “PNG WAY” (see Figure 1), we can visualize a diamond
shape with quality of life at the apex, supported by economic growth, protected environment and strong
governance at the base of the diamond shape figure. The arrows indicate that economic growth and
protected environment and governance all contribute to quality of life but can sometimes be in conflict
with each other.
A critical first step in developing a national strategy is defining exactly where we are today with our
communities/Landowners (governance). What was our quality of life in 2008? How good is our economic
growth? Is our environment sufficiently well protected? Are we already among the top 50 countries or do
we rank much lower?
We can only answer these questions if we have a clear cut set of metrics that let us measure how well we
are doing and how our performance compares with the performance of other countries. What set of
actions (policies, laws, behaviors, training, investments and so on) will most likely get us from the current
values of the metrics to the desired values in the planned time?
This Conference plan and design is to contribute to the discussions in the forum and carefully assess and
evaluate the PNG RSD policy framework and how it will be rolled out into all sectors, provincial
governments, research institutions, communities, and donors in developing their action plans. The
Science and Technology issues are equally important in the RSD Policy and these must be integrated in
achieving the PNG Way- RSD Policy.
Much discussions and some conflict will inevitably arise as the action plan is put together. Differences in
philosophy between political parties, between unions and management, between cities and rural areas,
will produce a diversity of inputs which usually leads to better strategic decisions than any one segment
of society can generate on its own.
The action plan should also identify who in society is responsible for carrying out the different actions.
Which elements of the plan are under the control of government? For example the recent decision by
government 2010 by establishing the PNG Vision 2050, DSP and MTDS and now the announcement of
the PNG RSD Policy. What activities belong in the sphere of sustainable development? Should individual
IX
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citizens or private foundations be accountable for certain actions?
Figure 1: SUSTAINABLE DEVELOPMENT
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Only if accountability is clear upfront, and the viability of the actions is tested against available resources
and skills, can there be a reasonable expectation that the strategy will work. Actions which are
inadequately funded, or lengthen the deadline for achieving goals than to give lip service to actions which
cannot be successfully implemented and, therefore, undermine the entire strategy.
Once a set of actions has been selected for the national strategy, it is critical to maintain communication
with all Papua New Guineans about why these particular actions were chosen, what results are to be
expected, and when to expect them.
We will increasingly finding ourselves confronting John F. Kennedy’s challenge to American citizens:
“Ask not what your country can do for you. Ask what you can do for your country.”
However, in carefully reviewing and assessing the Sustainable Development Policy, the Ministry of
National Planning and Monitoring in partnership with PNG Research Science and Technology, UPNG
and others strongly believe it requires an important tool/drivers to achieve this visionA Sustainable Development Policy framework and programme of Actions for PNG will facilitate its
implementation as a cross cutting tool.
This conference is endorsed by the Ministry for Planning and Monitoring, Ministry for Higher Education
and Research, Science and Technology and the University of PNG.
3.0. Conference Objectives
The Conference objectives, and expected outcomes will include:









Support the PNG Government Sustainable Development Action Plan/Policy,
Contribute to the PNG Science, Research and Technology Framework policy,
Present findings in the field of science research and technology in PNG that contributes to PNG SD
policies,
Create PNG network, awareness and understanding of PNG national policies and its impact on its
people and partners,
Contribute to the UN Commission for Sustainable Development work programme,
Show case successful programmes and projects,
Create champions and leaders for PNG,
Forge important partnerships with PNG Government, private sector, Universities and Research
institutions and international partners.

4.0. Major Highlights/Achievements










Successful launching of the PNG Responsible Sustainable Development Policy and Action Plan,
Substantial development of the PNG Science Research and Technology Framework,
Dissemination of the results of latest science research and technology work conducted and
published in PNG,
Highlighting PNG contributions to the UN Commission on Sustainable Development work,
Showcasing the contributions of PNG Science projects to government Policies,
Official announcement of UPNG and its partner of a new Degree Programme-Bachelor of
Sustainable Development for 2015,
Production and dissemination of Conference publications,
Provision of rewarding and lasting career opportunities,
Resolutions and summaries achieved for the PNG government and all.
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5.0. Acknowledgement
Indeed we extend our thank you and appreciation to our leaders, overseas guests, government sectors,
provincial members, Universities, research institutions, communities and private sectors who have
contributed, sponsored and created an environment conducive to all in staging this large gathering to a
successful conclusion.

...................................................
From the Conference Secretariat
Professor Chalapan Kaluwin Chairman
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What is Sustainable Development? What is its History and Meaning?
David Mowbray
Pro bono Visiting Staff, Environmental Science and Geography (ESG) Discipline, University of Papua New
Guinea; formerly Associate Professor ESG.
Corresponding Author: davidlindsay.mowbray@gmail.com or davideco.mowbray@gmail.com
ABSTRACT
The terms 'sustainable development' and 'ecologically sustainable development' are introduced, giving
their history or evolution together with an explanation of what is 'ecological sustainability'. How
environmental scientists and economists view the term 'sustainability' is compared. They are radically
different!
Keywords: Environmental science, ecologically sustainable development, eco-development, green
development, environmental or ecological sustainability, sustainability, sustainable development.
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INTRODUCTION
What is Sustainable Development?
This conference has the title 'Promoting Responsible Sustainable Development through Science and
Technology”. It is therefore imperative that we first understand what is meant by the concept of
'sustainable development'. We also need to be familiar with the history or evolution of this important
concept. Many environmental scientists prefer to use the term 'ecologically sustainable development
(Diesendorf and Hamilton, 1997). So we also need to understand this term. We also need to distinguish
between what neoclassical economists and environmental scientists say is “sustainability”. Minister
Charles Abel and the Department of National Planning and Monitoring have chosen to use the term
'responsible sustainable development' (Abel, 2014a,b; Department of National Planning and Monitoring,
2014a), hence, the title of this conference and publication. This term will be explained in one other of my
associated papers for this conference titled 'From Rio to Rai to now to ESD to ples: the new paradigm (in
volume 2 or 4).
History of Ideas on Sustainable Development
We first need to know what was the origins and evolution of the 'greening' of development theory? No one
is confident that they can identify when the concept of 'sustainable development' was first introduced
though it is believed that the concept emerged under the names of 'green development' or 'eco-development'
from the early conservation movement. The origin and growth of sustainable development ideas had their
roots in nature preservation, colonial science and the internationalization of scientific concerns in the 1960s
and 1970s (Adams, 2001). The first appearance of the concept can be traced to the 1962 United Nations
General Assembly (UNGA) that recognized the imbalance of natural resource exploitation resulting in
environmental and livelihood changes targeting developing countries (Chalapan Kaluwin, personal
communication). In 1968 the UNGA passed a resolution to combat global environmental problems. The
first international meeting where this idea was discussed was the Conference on the Human Environment in
Stockholm in 1972, at which sustainable development became a specific and identified area of concern. The
resulting Stockholm Declaration resulted in the birth of the United Nations Environment Programme
(UNEP) and recognized the right of economic development of states but also the need for environmental
protection, population control and poverty reduction. Following this conference the concept became widely
used though at this time many persons used the terms ‘green development’ or 'eco-development’.
Probably concepts of the 'greening' of development theory are most associated with the World Conservation
Strategy (IUCN, WWF & UNEP, 1980), the Brundtland Report (Brundtland, 1987) and the documents of
the Rio Conference (Regency Press, 1992). Sustainable development became the central concept in the
World Conservation Strategy (IUCN, WWF & UNEP, 1980) and the foundation of the report of the World
Commission on Environment and Development seven years later, also known as “Our Common Future”
(Brundtland, 1987), which set out a 'global agenda for change'. Greening of development theory became a
strong feature of the 1980s (Adams, 2001). The second World Conservation Strategy was published in 1991
under the title 'Caring for the Earth; a strategy for sustainability' (IUCN, UNEP and WWF, 1991).
However sustainable development's place in the discourse of development was assured in the early 1990s
when it became the driving concept behind the United Nations Conference on Environment and
Development at Rio in 1992 (UNCED, or the Earth Summit) which proclaimed an Earth Charter or set of 27
Rio Principles constituting the 'Rio Declaration” and a “global agenda for sustainable development, that is
for environmentally sensitive economic development (known as Agenda 21) (Regency Press, 1992).
The first principle of the Earth Charter called the Rio Declaration that was signed by PNG at the 1992 Rio
summit states:
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“Human beings are at the centre of Sustainable Development. They are entitled to a healthy and
productive life in harmony with Nature”.
In 1992 Donelle Meadows, Dennis Meadows and Jorgen Randers in “Beyond the Limit”, the sequel of
their 1972 famous publication “Limits to Growth” stated:
'The first revolution was the “agricultural and industrial revolution”. The second revolution must
be the “sustainability revolution”. We have a choice: “global collapse or a sustainable future”.
Their book is concerned with seeking how to achieve a transition to a sustainable global future'.
The terms 'sustainable development' and the associated term ‘sustainability’ were initially the property of
environmentalists and conservationists. But both were under pressure to integrate the human dimension
into their thinking and action. Initially then it was considered to be a more careful form of development
that is more equitable and less destructive. Soon everyone was using the terms. The fact is that everyone
from different constituencies, be they business people, industrialists, conservationists, environmental
scientists or economists all had their own definitions of the terms sustainability and sustainable
development (see later). They meant vastly different things to different groups. An excellent and recent
introduction to an understanding of sustainable development is given in Blewitt (2008).
So the question that we now must ask is ' How deep did the apparent revolution in development thinking
actually go? Has there really been a 'greening' of development in both the developed and the developing
world? Was the 'greening of development' evidence of a paradigm shift in development thought, or simply
an exercise in relabeling (Adams, 2001)? I argue it is both! For some there has been a definite paradigm
shift, for others are mere cosmetics!!
Has 'sustainable development' or 'green development' or 'eco-development' really happened anywhere?
Or are they just rhetorical flags of convenience? It is important therefore to ask what the phrase
'sustainable development' really means. We still see political leaders measuring development by
economic indices only like economic growth as under the old paradigms of conventional or neoclassical
economics and traditional development theory. Obviously their perception of sustainable development
is skewed and ambiguous and inconsistent. As the Human Development Reports (produced annually by
UNDP for the last 25 years - see www.hdr.undp.org/en) note, “human development is an end, economic
growth is a means”.
Furthermore we must recognize that sustainable development is about both environmental quality and
political economy; it is about science and technology (as we discuss in this conference), but also about
distribution of power and who makes decisions. So we must be prepared to take a more radical and
questioning approach in thinking about sustainable development.
CONVENTIONAL
SUSTAINABILITY

DEFINITIONS

OF

SUSTAINABLE

DEVELOPMENT

AND

Wikipedia very well explains the phrases ‘sustainable development’ and ‘sustainability’. Go to Google
Chrome and type in either term or you will get the link to Wikipedia eg
www.en.wikipedia.org/wiki/Sustainable_Development and www.en.wikipedia.org/wiki/Sustainability.
Sustainable Development is also defined and discussed at the Department Website of the World Bank
Group, (www.worldbank.org/depweb/english/sd.html). From Wikipedia, the word sustainability is
derived from the Latin sustinere (tenere, to hold; sub, up). Sustain can mean “maintain", "support", or
3

Proceedings of RST UPNG Sci. Conf. Nov 2014
"endure”. Robertson (2014), in her recent book “Sustainability; principles and practice” states that the
word “sustainability” refers to systems and processes that are able to operate and persist on their own over
long periods of time. Various dictionaries define the adjective “sustainable” to mean “able to continue
without interruption or diminution”, “able to endure without failing” and “capable of continuing for a
long time”. The first use of the noun “sustainability” was around 1972 and was typically used in
connection with systems that support life on Earth. The Oxford Dictionary defines the ecological meaning
of “sustainability” this way: “Of, relating to, or designing forms of human economic activity and culture
that do not lead to environmental degradation, especially avoiding the long-term depletion of natural
resources” (Robertson, 2014). G. Tyler Miller (in Glossary, page G15, 2012) defines sustainability as
“ability of Earth's various systems, including human cultural systems and economics, to survive and adapt
to changing environmental conditions indefinitely”.
To be a useful term, sustainability must be measurable. There is now a plethora of sustainability
indicators. Common examples are State of Environment Reporting (SOER) indicators (including
pressure/state /response (PSR) indicators) (Commonwealth of Australia, Department of Environment,
1996), ecological footprint (Wackernagel and Rees (1995), sustainability indicators (Bell and Morse,
2003), Human Development Goal indicators (Yearly Human Development Reports), Millennium
Development Goals (UN 2000). And there are many more. These are essential ingredients associated with
measuring sustainability and hence developing practical sustainability strategies. UNEP (2005) provides
some ideas on communicating about sustainability.
Since the 1980s sustainability has been used more in the sense of human sustainability on planet Earth
and this has resulted in the most widely quoted definition of sustainability as a part of the concept
sustainable development, that of the Brundtland Commission (1987):
“Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own need”.
Sustainable development then referred to development that had at least three basic pillars, fulfilling needs:
economic, social and environmental. Later we add the fourth pillar of 'good governance'. The term is
still evolving. See Table 1.
Table 1: Sustainable Development – Our needs
Economic
Services
Health Needs
Household Needs
Industrial Growth
Agricultural Growth
Efficient Use of Labour

Social
Equity
Participation
Education
Empowerment
Social Mobility
Cultural Preservation

Environmental/Ecological
Biodiversity
Natural Resources
Carrying Capacity
Ecosystem Integrity
Ecosystem Services
Clean Air and Water

What social, economic, or environmental needs would you say are important in Papua New Guinea? We
have needs but there are also limitations to some provided by our environment!! This is discussed in my
second paper in volume 2. These needs may appear to be contradictory but in fact need to be balanced e.g.
in Table 1, agricultural development may lead to loss of biodiversity (Darren Gladman, David Mowbray &
John Duguman 2006 volume 2 “Voices Unheard and Unheeded” and industrial growth may lead to
destruction of ecosystem services and air and water pollution. The general agreement is that such
4
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development must be balanced. But is this sufficient? I argue that this is not nearly enough. The terms infer
much more!! There may be too much or inappropriate industrial or agricultural development in an area
(Darren Gladman, David Mowbray & John Duguman 2006 volume 3 “A Quarter of Next to Nothing” or
volume 4 “Warning Bells”5 (or globally) as the environment sets limits. If we ignore these limits “the
environment strikes back”! (Darren Gladman, David Mowbray & John Duguman 2006 volume 5).
Sometimes (many times) the natural resources are used unsustainably.
Both the terms of sustainable development and sustainability now form the central concept in the
interdisciplinary subject area called 'Environmental Science'. Daniel Chiras' popular text is called
Environmental Science with subheadings as follows: for 3rd and 4th editions – Action for a Sustainable
Future; for fifth edition – A Systems Approach to Sustainable Development; for sixth edition - Creating a
Sustainable Future. The ninth edition has an initial section on Introduction to environmental protection,
sustainability, science and systems, with the first chapter titled “Environmental Science, sustainability and
critical thinking'. (Chiras, 1991, 1994, 1998, 2001, 2013) and the 12th and 13th editions of the most
popular Environmental Science textbook of all time by G.Tyler Miller, Living in the Environment:
principles, connections and solutions has as Part 1 a section entitled “Humans and Sustainability”. The
17th and 18th editions have the following: part 1: Humans and sustainability, part 2: Science, ecological
principles and sustainability; part 3: Sustaining biodiversity; part 4: Sustaining natural resources; part 5:
Sustaining environmental quality; part 6 Sustaining human societies, (G.Tyler Miller 2002, 2004, 2012,
2014). Miller has also published a second text titled Environmental Science: working with the Earth. Its
sections are titled (1) Humans and Sustainability, (2) Ecology and Sustainability, (3) Sustaining
Biodiversity, (4) Sustaining Resources and Environmental Quality, and (5) Sustaining Human Societies
(Miller, 2006).
Many other Environmental Science texts focus strongly on use of these two key terms. Mowbray (2006)
in teaching notes at UPNG for “Introduction to Environmental Science: concepts” states that
“Environmental Science is a holistic interdisciplinary study; is not value-free - it is definitely value-laden
and has a goal that of seeking to understand root causes and helping to foster the transition to a
sustainable future, to sustainable living, to ecologically sustainable development.”
The phrase 'sustainable development' is now widely used in the fields of policy and political debate as
well as research and science and technology (as in this conference!!). Adams (2001) states, “It seems to
have the potential to unlock the doors separating disciplines, and to break down the barriers
between academic knowledge and action”. Both radical environmentalists and conventional
development policy pragmatists have grabbed the phrase and used it to express and explain their ideas
about development and environment (though to each it means quite different things!).
The last large international conference of the United Nations to review progress since Rio was the Rio
+20 or the “United Nations Conference on Sustainable Development”, also at Rio de Janiero1. So the
term is now a common one.
ECOLOGICALLY SUSTAINABLE DEVELOPMENT
Many environmental scientists prefer now to use the term 'ecologically sustainable development' (or
ESD) (Diesendorf and Hamilton, 1997) instead of 'sustainable development. ESD has the same three
pillars as sustainable development, but adds a fourth of “good governance and institutional sustainability”.
See Figure 1.
1

(see www.sustainabledevelopment.un.org/contents/documents/742Rio+20_Synthesis_Report_Final.pdf).
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ESD is all about the triple bottom line or the 3 E’s plus G
E = good economics and economical sustainability
E = good ecology and ecological / environmental sustainability
E = equity and social sustainability
and G = good governance and institutional sustainability
It has also being variously defined, in the first Australian State of Environment (SoE) Report,
(Department of Environment, Australian Government 1996), as:
“A pattern of development that improves the total quality of life, in a way that maintains the
ecological processes on which life depends...”
It also has six key principles. (Diesendorf and Hamilton, 1997; Harding, Hendriks and Faruqi, 2009), and
NSW Greens website2. These are:


Precautionary principle, important in all decision-making and minimizing negative and
unacceptable risk;

•

Inter-generational equity, ensuring future generations have a sustainable future

•

Intra-generational equity which means social equity and economic justice for all peoples now;

•

Integration of environmental, economic and social aspects into decision-making with institutional
sustainability and good governance and ensuring mechanisms and institutions are in place to
foster this integration;

•

Conservation of biological diversity and ecological integrity as being fundamental to the
maintenance of healthy, productive and functioning ecosystems, and providing humans with their
basic needs and by maintaining ecosystem services;

•

Improved valuation, pricing and incentive mechanisms so as to ensure that environmental factors
are included in the valuation of assets and services, for example putting a monetary value on
ecosystem services and biodiversity conservation.

This last that of quantifying the value of ecosystem services is only now being done. See Ranganathan and
others (Ranganathan et al, 2008). It is being now done in PNG under an overseas aid project in East New
Britain (from personal communication with Ursula Kolkolo, Maureen Ewai and Emily Fajardo). See also
paper in volume 2 by Peter Samuel (Samuel, 2014).
Ecological Definitions of Sustainable Development
The aim of Sustainable Development is to ensure the well-being of all present and future people and of
nature. This requires a holistic world-view that brings together social, economic, environmental and
institutional and governance concerns.
Sustainable development has many definitions. I have already given some. So what are some more? My
preferred ones are those that infer the four pillars of: economic sustainability, environmental
sustainability, social sustainability and good governance. See Figure 1.
Sustainable Development is defined variously as

2

Go to (www.nsw.greens.org.au) and PNG Greens Party (www.pnggreensparty.org.pg under construction).
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'Development that meets the needs of present generations without compromising the ability of
future generations to meet their own needs' – Brundtland / WCED, 1987.
'Improving the quality of life whilst living within the carrying capacity of supporting ecosystems –
'IUCN, UNDP, & WWF in Caring for the Earth’, 1991.
Types of economic and social development which sustain the natural environment and promote
social equity’ - Diesendorf and Hamilton, 1997.
‘… A process which aims to create an ecologically and economically sustainable and socially
equitable society.’ - Diesendorf and Hamilton, 1997.
Our own PNG definition back in 1993 was:
Stretim nau bilong tumora or Hari ita hanamoa kerukeru totona (Department of Environmental Science, UPNG & Policy Co-ordination and Monitoring
Committee, Department of Prime Minister and NEC, GoPNG, Waigani Seminar 1993).
The literature is strewn with the terms 'sustainable development' and ‘sustainability’, and before them the
related terms of green development and eco-development (as discussed above) but too seldom have they
been given a clear and consistent meaning. Environmentalists have the conviction that sustainable
development is a concept that integrates environmental issues into development planning, as in Caring for
the Earth. In using such terminology environmentalists have attempted to capture some of the vision and
rhetoric of the development debate, but often have little understanding of their context or complexity.
Environmentalist prescriptions for development therefore often show a 'disturbing naivete' as they fail to
consider treatment of political economy (Adams, 2001). They fail to recognize that to bring about
sustainable or green or eco- development requires a complete paradigm shift. This is covered in my
second and third papers in volume 2 and volume 3.

Figure 1: Ecologically Sustainable Development; the 3 E's and the good G.

In my third paper in volume 2 (or 4), I will use these principles and others and other criteria as 'indicators'
on whether Charles Abel's National Strategy for Responsible Sustainable Development actually is a
7
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Sustainable Development Strategy (National Planning and Monitoring, 2014a).
Perhaps during this conference we might need to redefine sustainable development or more
precisely responsible sustainable development (RSD) in our own PNG way!
Sustainable Development is about Political Economy!
The sustainable development mainstream is reformist; a broadly neo-populist vision of the world being
allied with the call for a more technically sophisticated environmental management. These include
consideration of better environmental management tools, systems thinking, better conservation strategies,
market environmentalism, ecological modernization, and the role of environmental economics delivering
sustainable development, but for many still within the current paradigm and mainstream of 'brown
development'. But there are more radical ideas about sustainable development, and moving forward with
“green development”, including ecological economics, eco-socialism, deep ecology and ecofeminism and
green economics and the necessary linking of environmental thought and concerns with political
economy. Like Jeffrey Sachs does in his great master piece “Common Wealth: economics for a
crowded planet” (2009), when he looks at poverty and third world development, and in his work on
economic development, environmental sustainability, poverty alleviation, debt cancellation and
globalization, and in helping to develop the Millennium Development goals, we need to rethink and
determine a new paradigm on “environment and development” and “sustainable development.
Robertson (2014) contrasts the approaches of neoclassical economics, environmental economics and
ecological economics. The first assumes that the markets have an inherent, efficient logic subject to
supply and demand and that markets always choose the optimal alternative. It is often divided into the
macro economy (the whole economy) and the micro economy (focus is on individual markets within the
economy). It also holds that economic growth can continue forever and fails to internalize external costs
(e.g. pollution or environmental assets or ecosystem services - the biological functions that support life).
If an economy runs short of a resource – e.g., fossil fuels or clean air – then that shortage will provide
incentives to the market to innovate and that as a result technology will be developed that can address any
environmental challenge. It sees nature as a supply depot and waste disposal service nested within the
macro economy. Environmental economics is a subset of neoclassical economics that has developed
more recently, and considers environmental values. It recognizes that human welfare depends upon
ecosystem services. It assigns values to these environmental assets, to ecosystem services and pollution,
so they can be incorporated into markets. Economic instruments are also important. Theodore Panayotou,
in his book “Instruments of Change – Motivating and Financing Sustainable Development” lists many of
these economic tools (Panayoyou 1998). However environmental economics shares many assumptions in
common with conventional economics: it always assumes that people will prefer more to less; and it is
anthropocentric, seeking positive outcomes primarily for humans.
On the other hand ecological economics is a new branch of economics. In contrast to both the above
ecological economics sees the macro economy as a subsystem nested within the biosphere upon which it
depends. This field recognizes that on a planet now filled with billions of humans, economics and
ecosystems are interconnected in important ways, and that it is unrealistic to focus on either one to the
exclusion of the other. Ecological economics merges the fields of ecology and economics, applying
natural laws, in particular the laws of thermodynamics, to the study of economics. A key idea is the
recognition that growth cannot go on forever, that nature has fundamental thresholds, and that there is no
assurance that technological innovation can overcome problems caused by overshooting these limits.
Particularly at this conference we must recognize just that. By research, science and technology and
technological innovation, we must not promote brown growth or perpetual growth. We must apply the
8
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“laws of ecological economics” and move toward green growth and optimization. Instead of perpetual
growth, ecological economics works towards optimization: a steady state economy in dynamic
equilibrium at an optimal scale. Here equitable distribution is an important factor. Ecological economics
is a key new discipline crucial to helping us move to ecologically sustainable development. Together with
“green economics” (see UN (2012) and UNEP (2011) - discussed in my third paper in volume 2 (or 4)) it
is so crucial that we embrace this field of economics in our planning for responsible sustainable
development in PNG. It is a radical (and quite necessary) approach.
Sustainable development, sustainability and 'environment and development in practice' must also be
linked (amongst others) with environmental degradation, climate change, biodiversity loss, risk, the
concepts and the environmental costs of development. The political economy of sustainability need be
considered for example in both the context of conservation and forest loss as in PNG; and our continuing
reliance on mineral and oil extraction which are both in the long term unsustainable. The roles of
education, science, technology and research are crucial, as discussed in this conference. But we must
couple what we do with green economic principles and those of ecological economics and those of
strategic environmental assessment and political economy. Just as Environmental Science is
multidisciplinary, so too is action – it is multidimensional and involves political and social change.
The PNG new National Strategy for Responsible Sustainable Development adopts (I suggest) this radical
approach (in theory). This is outlined in both the document on Strategy (Department of National Planning
and Monitoring, 2014a) and the “Operationalization document” (Department of National Planning and
Monitoring, 2014b). They are brilliant and exciting documents. This will be discussed in more detail in
third paper in the second (or fourth) volume.
Many of the seeds sown in the 1960s and 70s globally have taken root, and environmentalism is one of
them. And so too are ideas on sustainable development. The growth of sustainable development ideas and
ideologies has had an impact on the conscientiousness that inform development thought and action. There
is a new environmental awareness in development that is evidence of a greening of a kind. To date with
many it has been largely superficial, a thin green layer painted onto existing policies and programs. But
many recognize the need for a new paradigm, as do Minister Charles Abel (2014a,b) and the Department
of Monitoring and Planning 2014a,b). The challenge of a more profound change lies ahead (Adams,
2001). Perhaps here in PNG we can take up that challenge.
WHAT IS ENVIRONMENTAL OR ECOLOGICAL SUSTAINABILITY
Given that Pillar 2 is on Environmental Pillars and Principles, I think it appropriate to briefly define what is
meant by the terms environmental and ecological sustainability. The terms are often used synonymously by
different practitioners of sustainable development and by environmental scientists. I do so here as well. I
prefer the term ‘ecological’; many of my colleagues prefer 'environmental'. It does not really matter.
Environmental or Ecological Sustainability requires the sustenance of a healthy and diverse ecosystem on
behalf of existing and future generations of humans and other species. To achieve this we need to sustain
biodiversity, ecological integrity, “natural capital” and social equity.
To put it succinctly:
Environmental or Ecological sustainability is about principally about maintaining ecosystem
services and ecological integrity!
The concept of ecosystem services is crucial in ecology and environmental sciences. Ecosystems provide
us and all other life with a number of “ecosystem services”. Without these services provided by
9
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ecosystems and the diverse species that make up these ecosystems we would be starving, gasping for
clean air, and drowning in our own wastes and life it would cease to exist. These are shown
diagrammatically in Mowbray 2006, Figure 4.19 adapted from G. Tyler Miller 2004 13th edition Fig 4.34
page 92 and included here as Figure 2.
Figure 2. Ecosystem Services. Economists must value these- internalize these “externalities”

To ignore consideration of ecosystem services, not to internalize these values or assets of natural capital is
to invite unsustainability. Many of the problems we face in PNG and elsewhere in the world represent
clear ‘signs’ of unsustainability and all are connected. Everything is connected and therefore any action
by humans somewhere on Earth or in PNG affects other humans and the environment somewhere else;
ecological integrity is under threat.
Ecological integrity means “that ecosystems can maintain normal functions, such as absorption and
storage of solar energy, cycling of nutrients, maintaining the local microclimate, maintaining
predator-prey or plant-herbivore interactions and that biodiversity is maintained; “ecosystem services are
sustained”.

10
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So we say (see Figure 3), a society is environmentally or ecologically sustainable or living sustainably is
when it:


Conserves life-support systems, and supports ecosystem services;



Conserves biological diversity;



Ensures that all uses of renewable resources ...are sustainable;



Minimizes the depletion of non-renewable resources and supporting ecosystems.



Keeps (its ecological footprint) within the Earth’s carrying capacity.

Figure 3: When a society is environmentally or ecologically sustainable or living sustainably

Environmental or ecological sustainability requires living within the regenerative and absorptive capacity
of the planet. The liquidation of our ecological assets is called overshoot and is not sustainable. Right now
humanity's combined ecological footprint is overshooting the Earth's natural resources by more than 30%
and is not sustainable. Many countries of the world have an ecological footprint far greater than they can
sustain, for example USA and Australia. Big changes must happen in these countries. If they do not
reduce their ecological footprints significantly we shall all suffer, or our children will. Even PNG’s
overall ecological footprint is just under capacity and is barely sustainable; those of the wealthy PNGians
are certainly unsustainable. PNG must learn to live within its own biological capacity or carrying capacity
and maintain an ecological footprint that is sustainable. At the same time it must move toward equity!
11
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An important ecological concept associated with ESD and ecological sustainability is that of the
'ecological footprint”. To live sustainably our ecological footprint must be less than our biological
carrying capacity.
ECONOMIC AND ECOLOGICAL SUSTAINABILITY
Earlier in this paper I noted that different people define sustainable development and the concept of
sustainability differently. Sustainability means different things to different people. It is important then
to understand what economists generally mean by sustainability and what ecologists mean by
sustainability. To distinguish the two we need first introduce some terms used by economists. This is
taken from Mowbray (2006). See Figure 4 and See Box 2 for the definition of terms.
Economics describe all the wealth used to produce other wealth as capital stock or total capital. It is the
sum total of natural capital (environmental or ecological assets including that which can be exploited for
economic activity), man-made capital and physical capital (buildings, machines, roads, factories, bridges),
human capital (knowledge, skills) and social capital (cultural assets, social networks e.g. wantok system).
Most capital can be substituted for or transformed into another. However there are some forms of natural
capital that have no ready substitutes, cannot be replaced, and make a unique and crucial contribution to
present and future well-being both for people and their environment. They provide amenity and life
support to humans and all other living things. This is termed critical capital. For a brief definition of terms
see Box 2 below the equation. For sustainability the aggregate stock of capital should not decline.
Box 1. Ecological Footprint
Ecological Footprint- Is the amount of biologically productive land and water to provide people in a country or area
with an infinite supply of renewable resources and to absorb and recycle the wastes and pollution produced by such
resource use (use of nonrenewable resources also contributes to environmental impacts). The per capita ecological
footprint is the average ecological footprint of an individual in a country or area. It is expressed as hectares per
person (ha/person). Examples include USA 9.6; Australia 7.8; Japan 4.8; European Union 4.7; Netherlands 3.8;
Papua New Guinea 1.7; China 2.1; India 0.8; Indonesia 0.9; Bangladesh 0.6. World 2.7, the Global carrying capacity
1.8.
It can also be expressed as total ecological footprint expressed in ha. Include USA 3 billion; Netherlands 62 million;
India 880 million. The Ecological Footprint is a resource accounting tool that helps countries understand their
ecological balance sheet and gives them the data necessary to manage their resources and secure their future.
Go to website: http://www.footprintnetwork.org/en/index.php/GFN/page/footprint_for_nations/.
In today's world, where humanity is already exceeding planetary limits, ecological assets are becoming more critical.
In fact in 2008 humanity's total or global ecological footprint was at least 30% higher than the Earth's biological
capacity and is projected to be twice the planet's biological capacity by around 2035. That is, by then we will need
two Earths to survive. This is not possible. As we are living beyond the Earth's biological capacity with human
population and per capita resource consumption and pollution still growing (e.g. causing e.g. global warming) we
are obviously living unsustainably.
This cannot continue. See http://www.footprintnetwork.org/en/index.php/GFN/page/world_footprint/.
This concept shows clearly the interlinkages between population, resource consumption and pollution. They cannot
be treated separately. To estimate your own ecological footprint goes to http://www.myfootprint.org/.

We can distinguish different types of sustainability. These are weak sustainability and strong
sustainability.
Weak sustainability.
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The value of the total capital or capital stock should not decline. Individual components of the aggregate
could decline in value as long as other components were increased in value (normally through
investment) sufficient to leave the aggregate value unchanged.
Weak sustainability equates to a sort of economic sustainability where the emphasis is on the allocation
of resources and levels of consumption, and the financial value is a key element. The costs of attainment
of weak sustainability (financial or otherwise) are important and typically based on a cost benefit
analysis with tradeoffs between environmental and economic and social benefits.
Strong sustainability.
The value of the remaining stock of natural capital should not decrease. This definition places special
emphasis on preserving natural capital (as opposed to total capital) under the assumption that natural and
physical capital offer limited substitution possibilities. Little consideration is given to the financial or
other costs of attaining sustainability. It equates to what some call ecological sustainability and the focus
is primarily on the environment with emphasis being on biodiversity and environmental quality.
Ecological sustainability is about maintaining ecological integrity! (as mentioned). A key focus is on
environmental sustainability where physical flows of physical resources should be maintained, not merely
the value of the aggregate e.g. maintaining a sustainable yield (e.g. fish catch) or preserving the
ecological / biological services and functions, for instance, biodiversity services of a mangrove or a
wetland.
The concept of sustainability is important for a number of reasons: Firstly if the ecological footprint
exceeds the area available, then our lifestyles become unsustainable. If a population exceeds the carrying
capacity, then that population size and life style cannot be sustained. If biodiversity is greatly reduced
and ecological integrity threatened then again our lifestyles are unsustainable. As stated earlier, many of
the problems we face in both PNG and globally are problems of 'unsustainability'.
Box 2. Economic terms defined
Economic Term

Description/Definition

Total capital or capital stock

Wealth used to produce other wealth, or sum of all
types of capital as listed below

Natural capital

The environment including both resources and
ecological processes, i.e. environmental or
ecological assets including that can be exploited for
economic activity, and that which can’t.

Man-made capital and physical capital

What humans makes e.g. buildings, machines, roads,
factories, bridges

Human capital

What humans make of themselves e.g. improved
knowledge, skills etc.

Social capital

What binds humans together e.g. cultural assets,
social networks e.g. wantok system
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Critical capital

Forms of natural capital that have no ready
substitutes, cannot be replaced, and make a unique
and crucial contribution to present and future well
being both for people and their environment. They
provide amenity and life support to humans and all
other living things.

Environmental scientists stress the importance of strong sustainability, aptly termed ecological or
environmental sustainability. Economists prefer weak sustainability, termed economic
sustainability. The important difference is that parts of natural capital, termed critical capital, must be
maintained and cannot be replaced by other forms of capital, even though total capital stock may be
sustained. Important ecological limits or constraints are put on economic activity to avoid damaging
critical capital. This is a consequence of the concept of ecological integrity. This is a crucial difference
between environmental scientists and economists in their use and understanding of the term
'sustainability'.
Note that in this paper I have not attempted to define precisely what is meant by the term “economic
sustainability”, though I have demonstrated how it differs from how an environmental scientist would
define it; nor have I attempted to define “social sustainability”. However, Volume of the Conference
Proceedings, Betty Lovai in her paper titled “Poverty Reduction through responsible sustainable
development in PNG and the Asia- Pacific Region “ gives some definitions of “social sustainability”.
CONCLUSION
Initially the terms sustainable development and sustainability were introduced, the history of these terms
was given and how they meant different things to different people was explained. The term ecological
sustainable development is preferred by environmental scientists with its four pillars (as adopted by this
conference). Particularly important is the difference between what environmental scientists and what
economists mean by sustainability. An important ecological concept associated with ESD and ecological
sustainability is that of the 'ecological footprint”. Other important concepts include those of ecosystem
services and ecological integrity. The importance of the new discipline of ecological economics is stressed.
Political economy is another key discipline associated with sustainable development or ESD.
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ABSTRACT
In this paper we will analyse the sustainability of the National Responsible Sustainable Development
Strategy championed by Minister Charles Abel and his department as a new paradigm for PNG. We shall
briefly review both Vision 2050 (National Strategic Task Force, 2009) and that proposed by Charles
Abel's and the Department of National Planning and Monitoring - the proposed new national strategy for
responsible sustainable development, based on the new paradigm of green development. It also evaluates
this new Strategy (National Strategy for Responsible Sustainable Development) against “ESD criteria”.
In 2007 the PNG Vision 2050 was published setting out the road map for what was termed a visionary
development strategy to guide our socioeconomic development ‘We will be a Smart, Wise, Fair, Healthy
and Happy Society by 2050.’ It was an aspirational statement and a vision for our future. However it is
not a sustainable development strategy. In April this year PNG's National Strategy for Responsible
Sustainable Development (NSRSD) was launched. It aims to re-orient the country's entire economic and
development efforts around an overriding goal of sustainable development or green development, not
brown development or the old paradigm. It provides a totally new paradigm for development in PNG. It
does not replace our development plans but elevates within them the principals of responsible sustainable
development and strategic planning. Indeed it is the chosen pathway to achieve much of Vision 2050 and
more!! The shift is to a new road map towards a model that is built on sustainable development and green
growth principles. NSRSD is evaluated for consistency to the key objectives and principles of ESD. It
meets these with glowing consistency. It is an exciting and challenging document. Indeed it challenges
many present policies of our government itself and of old and accepted ways of doing things. It suggests a
completely new way, a new paradigm but also recognizes a need for integration and transformation. The
challenge is now ours to put into effect this strategy. If we do I believe PNG will travel down the road
from Rio to Rai to now to ESD to ples!! It is now up to us. Stretim nau bilong tumora!!
Keywords: Environmental science, ecologically sustainable development, green growth, green
development, Papua New Guinea, Millennium Development goals, environmental or ecological
sustainability, PNG Vision, PNG ways, Responsible Sustainable Development.
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INTRODUCTION
Let us now review both Vision 2050 and the new National Strategy for Responsible Sustainable
Development. What are they?
We shall now determine what the new paradigm is proposed by Minister Charles Abel and his department
for PNG. We shall briefly review both Vision 2050 (National Strategic Task Force, 2009) and that proposed
by Charles Abel's and the Department of National Planning and Monitoring - the proposed new national
strategy for responsible sustainable development, based on the new paradigm of green development. We
ask is this proposed strategy really one for ecologically sustainable development. Yes or no? We
shall list the criteria for what constitutes a real national sustainable development process by listing key
principles, objectives and processes for ESD and then evaluate whether Vision 2050 and the NSRSD linked
together meet these set criteria.
Vision 2050
The road map for planning development in PNG is set out on pages 29-30 and in Figure 01 on page 24 of
the National Strategy for Responsible Sustainable Development (NSRSD) document 2014a. This is
replicated here as Figure 1.
As stated, “the Constitution is reinterpreted into Vision 2050 to define the aspirations of the nation for
year 2050. Vision 2050 sets the long-term direction with guidance from the constitution and the seven
pillars towards the vision, as condensed from page 29.
-”We will be smart, wise, fair, and happy society by 2050”;
and the accompanying development goal
‘to be ranked in the top 50 in the United Nations Human Development Index by 2050’.
The Vision 2050 is summarized diagrammatically in the accompanying Figure 2.
Figure 1: Strategic Planning Framework of PNG Government, from page 29 of “the Strategy”
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It shows the mission statement, and the seven pillars. These are:
 Pillar 1. Human capital development, gender, youth and people empowerment (best and productive
human resources and effective leadership
 Pillar 2 wealth creation, natural resources and growth nodes - dynamic and competitive economy
 Pillar 3. Institutional development and service delivery - appropriate political and effective service
delivery
 Pillar 4. Security and international relations, united, secure and trade orientated country
 Pillar 5. Environmental sustainability and climate change friendly nation
 Pillar 6. Spiritual, Cultural, and community development
 Pillar 7. Strategic planning, integration and control - sound and clear development planning
It claims that when the directional statements together with the seven pillars are effectively and efficiently
implemented in programs and projects then by 2050 we will be transformed into an emerging developing
country and in the top 50 in the HDI. The figure also lists enablers and indicators to measure progress.
The Development Strategic Plan (DSP) translates the focus areas and aspirations of Vision 2050 into
concise directions (page 30 of document). Determining long-term targets built around a range of social
and economic indicators implement this. Implementation of the DSP is spelled out in a rolling Mid Term
Development Plan (MTDP.). The 5 year targets are steps on the way to reaching the 2030 targets.
However after 5 years of Vision 2050 we recognize there are mistakes. We also recognize that the current
pathway is unsustainable. It cannot go on indefinitely. The NSRSD introduces a new paradigm into our
development thinking, one of responsible sustainable development in development thinking and planning
- and one that will in future enable us to avoid past mistakes. This NSRS will mean that we will need to
revise our current MTDS adopting now a green growth not brown growth strategy.
The policy on responsible sustainable development and green growth was adopted through the Alotau
Accord in 2012. This committed the government to review the development road map for PNG, involving
reviews of both the PNG Development Strategic (PNGDSP) 2010—2030 and the MTDP 2011-2015. The
policy prescribes and advocates a shift in paradigm from the careless and destructive brown growth
models of development towards a cleaner and more responsible modes of growth and development
(Department of National Planning and Monitoring, 2014a), towards a growth model that is built on
sustainable development and green growth principles. These would be reflected in new both the
Development Strategic Plan DSP 2030 and to be revised Mid Term Development Strategy (MTDS). See
again Figure 1.
National Strategy for Responsible Sustainable Development
The framework for the new sustainable development strategy in PNG is given in Figure 4, giving the
social, environmental and economic dimensions or pillars: featuring inclusive growth, green growth and
ecosystem services and green and decent jobs. .
A modification is that which we use at UPNG in teaching ESD, which is a four-pillar approach to SD
or ESD. This is shown in detail in the following Figure 4.
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Figure 3. Vision 2050. Papua New Guinea will become a smart, fair, wise, healthy and happy nation…
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Figure 4: The Four Pillars of Sustainable Development (from Chalapan Kaluwin ESG)
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The Operationalization of the NSRSD strategy documents (National Planning and Monitoring,
2014b) states:
“The shift to Green economic growth does not replace sustainable development but
contributes towards achieving it. Green growth is about reconciling and reinforcing
various aspects of economic, environmental and social policies. Taking into account the
full value of natural capital and recognizing its essential role in economic growth achieve
this. The green-growth model promotes a cost-effective and resource efficient ways of
guiding sustainable production and consumption choices and if designed and
implemented efficiently could lead to the following outcomes”:
Economic: Increased and more equitably distributed GDP-production of conventional
goods and services, increased proaction of un-priced ecosystem services (or their
reduction prevented), economic diversification, i.e. improved management of economic
risks, innovation, access and uptake of green technologies, i.e. improved market
confidence.
Environmental: Increased productivity and efficiency of natural resource use, natural
capital used within ecological limits, other types of capital increased through use
non-renewable natural capital, reduced adverse environmental impact and improved
natural hazard/risk management.
Social: Increased livelihood opportunities, income and/ or quality of life, notably of the
poor, decent jobs that benefit poor people created and sustained, enhanced social, human
and knowledge capital and reduced inequality.”
Section 5 covers “ensuring good governance and effective institutions, and an enabling legal
framework”.
Again from the NSRSD document,
“In its simplest expression, a green economy is low carbon, resource efficient, and socially
inclusive, where growth in income and employment are driven by public and private investments
that reduce carbon emissions and pollution, enhance energy and resource efficiency, and prevent
the loss of biodiversity and ecosystem services. Also the main indicators of economic
performance such as Gross Domestic Product (GDP) need to be adjusted to account for pollution,
resource depletion, the declining ecosystem services, and the distributional consequences of
natural capital loss to the poor.”
Section 6 of document covers ways of measuring both sustainable development and green growth
indicators; organised into four groups: indicators of environmental and resource productivity: indicators
that monitor the natural asset base; indicators of the environmental quality of life; and indicators that
capture both the economic opportunities and the policy responses; socio-economic context and
characteristics of growth. These indicators of Green Growth need to be used with those prescribed in
Vision 2050 and DSP- 2010- 2030, and MDGs Indicators.

22

Proceedings of RST UPNG Sci. Conf. Nov 2014
The Prime Minister Peter O’Neill states on page 6 of the NSRSD document that:
“We are revisiting our policy strategies against some of our assumptions on sustainable growth
and managing the resources being exploited to sustain our economy. We find it is time to refresh
our approach…. to manage the significant challenges we face across a wide range of economic,
social and environmental policy. Whilst our medium and short term plans will continue to rely
heavily on resource extraction we need to begin a deliberate process to take steps to build a truly
sustainable and responsible economy.”
Minister Charles Abel is more emphatic, on Page 10:
‘ Responsible Development means we don't undertake activities that compromise the world's
biodiversity or puts our children's future at risk. Sustainability is a category of responsible
development and means we develop an economy that provides all the elements for well being of
our citizens in a manner that is self-perpetuating'.
He goes on to say
…“ In the 'new world' the greatest value will be placed on those assets that contribute to
sustainable food and water security, sustainable energy and mitigate the effects of climate
change”.
He further states (on page 13)
…“ By embracing a call for change in paradigm we will be able to recognize the meaning of
PNG ways and be truly strategic in our understanding of the context of historical experience and
the strategic positioning of our country in the new world consciousness and order”.
On page 16 of document it states
“The central theme of this new development road map is to shift the country’s socio-economic
growth away from the current unsustainable growth strategy that it is following and towards a
road map that is truly responsible, sustainable and able to place PNG in a competitive,
advantageous position in the future. The current strategy our of reliance on non-renewable
energy and resource use shows positive GDP growth in the national balance sheet however, it is
carbon producing ‘brown’ or ‘dirty’ economic growth path, that contributes to increased global
warming and climate change with its many negative effects such as: rising sea level and
drowning of low level islands and coastal areas, and downgrading of environmental health and
well-being of our children and biodiversity. This is clearly irresponsible and unsustainable” (and
unacceptable - my addition).
On page 20 “The NSRSD is the strategic policy response to transition towards a sustainable clean energy and
resource using low or zero-carbon generating ‘green’ or ‘clean’ inclusive and innovative
economic growth path to strengthen PNG’s strategic positioning and economic competitiveness
in the world, while at the same time able to contribute to high quality and better life for all people
of PNG now and in the future.”
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On page 20 it introduces three enabling dimensions that are essential for transitioning from the brown
growth to inclusive green growth, being:
• A national green growth plan to create enabling conditions
• Green growth mainstreaming mechanisms to ensure opportunities are explored through existing
economic activities
• Green growth policy instruments to tap specific opportunities within spatial and resource systems.
On page 27 it states
…“As a long term strategic plan it looks further into the future and charts a path to the future
that Vision 2050 has envisaged, a future in a very different world, one where much greater
emphasis and value is placed on those factors that are the basis of a sustainable and responsible
economic modality based on a value system more attuned to our ancient culture and Christian
principles. It elevates and reasserts the ethic that: responsible development means we don't
undertake activities that compromise the world's biodiversity or puts our children's future at
risk.”
The new Strategy, on page 27, asserts the “Earth Integrity Principle” (from Rapport et al, 2009) that
The Earth, her natural communities and ecosystems, possess the inalienable right to exist,
flourish and evolve, and to continue the vital cycles, structures, functions and processes that
sustain all beings and that every human has a duty to protect her.”
The first part of Principle 7 of Rio Declaration or Earth Charter Principle 7 states:
States shall cooperate in a spirit of global partnership to conserve, protect and restore the health
and integrity of the Earth's ecosystem.
Responsible Sustainable Development then offers the development pathway that endeavours to “respect”
“Earth Integrity Principle” and uphold Principle 7 of the Earth Charter PNG signed in Rio in 1992. It
ensures we reduce carbon dependency, promote resource and energy efficiency and lessens environmental
degradation and ecological / environmental impacts. A number of enabling policies have been initiated
and these are more than just environmental policies. They include making significant investments, taking
advantages of technology innovations and having appropriate governance arrangements. The guiding
principles of the policy is summarized in Box 1 below:
Box 1: The 21 Principles of NSRSD - the guiding principles for Inclusive and Innovative Green
Economic Growth. The New Paradigm (from Dep’t of Planning and Monitoring, 2014a, section 3.2
pages 59-64).
1
Internalize Externalities
2

Drives innovation

3

Maintains economic growth - Sustained economic growth to include inclusive green growth
strategies with maintenance of community well-being

4

Open and competitive markets; avoid trade restrictions.

5

Creates decent work and green jobs.

6

Governance inclusive; democratic; participatory; accountable; transparent:

7

Equitable, fair and just - between and within countries and between generations

8

Poverty reduction, well-being, livelihoods and social protection; access to essential services:

9

Facilitates education and skills development:
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10

Support human rights, worker rights:

11

Retains and protects biodiversity and ecosystems and services,

12

Is resource and energy efficient:

13

Reflects planetary boundaries or ecological limits or scarcity:

14

Sustainable Production and Consumption lifestyles

15

Be low carbon and low emission:

16

Precautionary approach:

17

Is a means of achieving sustainable development:

18

Uses integrated decision-making:

19

Beyond the GDP Principle measures beyond GDP: indicators/metrics (recognizes how GDP
distorts measures of progress and welfare)

20

Promotes international co-operation; avoid conditionality's on Overseas Development Assistance
and finance.

21

Is resilient to risks and shocks.

EVALUATION OF THE PNG NSRSD
On the basis then of what we have learned about Vision 2050 and the NSRSD, we can determine whether
they collectively represent a strategy of ESD or in the spirit of ESD. We can do this by evaluating the two
documents and checking aspects against set criteria. So we can ask the following questions and determine
answers.
Question 1: Are the Development Goals of the PNG Constitution a Strategy of ESD?
• Integral human development
• Equality and participation of all
• Enhancement of national sovereignty and self-reliance
• Responsible management and use of natural resources for environmental sustainability
• Sharing of resources in Papua New Guinean ways for the benefit of clans, tribes and communities
rather than for individual benefit.
Question 2: Is the NSRSD a STRATEGY of ESD as defined?
Sustainable Development is defined variously as:
'Development that meets the needs of present generations without compromising the ability of
future generations to meet their own needs' – Brundtland, WCED 1987
'Improving the quality of life whilst living within the carrying capacity of supporting ecosystems' IUCN, UNEP & WWF ’Caring for the Earth' 1991
Types of economic and social development which sustain the natural environment and promote
social equity’ Diesendorf & Hamilton, 1997
'A process, which aims to create an ecologically and economically sustainable and socially
equitable society.’ Diesendorf & Hamilton, 1997
Our own PNG definition back in 1993 was:
Stretim nau bilong tumora or Hari ita hanamoa kerukeru totona - ES UPNG & DPM & NEC,
Waigani Seminar 1993.
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Question 3: Do Vision 2050 and NSRSD recognize / mention the issues and constraints about

• The implementation of Vision 2050
• The implementation of the Sustainable Development Strategy for PNG.
Observation: Yes, both recognize needs and NSRSD recognizes limits
Question 4: Does the NSRSD have ESD objectives?
Have objectives to promote social, economic and political change in accordance with the four principles
of
 Environmental or ecological sustainability (called both);

 Social equality and economic justice;
 Grassroots democracy; and
 Peace, disarmament and non-violence.
Observation: Yes, it has all the objectives of above.
Question 5: Do both have a similar conceptual framework as ESD and recognizes that sustainable
development has four pillars or dimensions, namely:



Social sustainability e.g. equity, MDGs and Human Development



Environmental or ecological sustainability



Strong economic sustainability / promotes green economics



Good governance to ensure mechanisms and institutions are in place to ensure the above

Observation: Vision 2050 could be regarded as having a development framework with an emphasis on
social and economic aspirations with a lesser emphasis on environmental sustainability - as in brown
development. NSRSD has a green development framework. It adopts a three-pillar model, but infers the
fourth of good governance in section 5: Ensuring good governance and effective institutions & an
enabling legal framework.
Question 6: Do they have a Holistic and / or Eco-centric or Anthropocentric World View?
A holistic worldview and approach that provide:
• A viable natural environment capable of supporting life, now and in the future
• A sufficient economy that provides sustainable livelihoods for all
• Nurturing communities that provide opportunities for meeting social, cultural and spiritual needs
• An equitable system of governance that ensures that all citizens have fair access to levels of income and
political power which allow them to participate fully as members of society
Observation: Both have a holistic approach; both are part eco-centric, part anthropocentric, NSRSD
more eco-centric.
7. Do Vision 2050 and NSRSD have principles that are consistent with ESD, that is - are committed
to ecologically sustainable development (ESD)? Which has nine key principles, namely:
 Recognition of precautionary principle, important in all decision-making and minimizing
negative and unacceptable risk and environmental damage and degradation (anticipating and
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preventing problems is cheaper and more effective than reacting to and trying to rectify them).
“If we live as if it matters, and it doesn’t matter, then it doesn’t matter,
If we live as if it doesn’t matter, and it does matter, then it matters”

 Inter-generational equity, ensuring future generations have a sustainable future;
 Intra-generational equity which means social equity and economic justice for all peoples now;
 Integration of environmental, economic and social aspects into decision-making with institutional
sustainability and good governance and ensuring mechanisms and institutions are in place to
foster this integration;

 Conservation of biological diversity and ecological integrity as being fundamental to the
maintenance of healthy, productive and functioning ecosystems, and providing humans with
their basic needs and by maintaining ecosystem services;

 Conservation of cultural diversity to protect languages, social structures, economic and political
decisions, traditional knowledge and practices and spiritual beliefs of the different PNG societies

 Improvement of individual and community well-being incorporating not just economic
well-being but other social, environmental/ecological aspects e.g. improving earning power, and
income, better access to services, eradicating poverty and ensuring food security and less
vulnerable to environmental change, e.g. climate change, and political factors

 Community participation in decision-making giving more informed decision-making and
facilitating implementation

 Improved valuation, pricing and incentive mechanisms so as to ensure that environmental factors
are included in the valuation of assets and services, e.g. putting a monetary value on ecosystem
services and biodiversity conservation.
Observation: Vision 2050 not stress all these key principles e.g. precautionary principle, integration of
four pillars and valuation of Earth / Natural Capital e.g. biodiversity and ecosystem services. NSRSD
adopt all.
Question 8: Do Vision 2050 and NSRSD both accept strong sustainability (ecological sustainability)
or weak sustainability (economic sustainability)?
If Vision 2050 adopts ecological sustainability, then it conserves Earth’s vitality and diversity thereby, it:
 Conserves life-support systems,
 Conserves biological diversity,
 Ensures that all uses of renewable resources are sustained,
 Minimizes the depletion of non-renewable resources,
 Keeps within the Earth’s carrying capacity.
Observation: Vision 2050 committed to weak sustainability (economic sustainability) whilst the NSRSD
committed to strong sustainability (ecological sustainability) and green growth.
9. Are Vision 2050 and NSRSD committed to fulfilling goals of MDGs and improving HDI?
Reaffirm commitments to poverty reduction and in particular to achieving the Millennium Development
Goals, which are (by 2015):
 Eradicate extreme poverty and hunger;
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Achieve universal primary education;



Promote gender equality and empower women;



Reduce child mortality;



Improve maternal health;



Combat HIV/AIDS, malaria and other diseases such as tuberculosis (TB);



Ensure environmental sustainability;



Develop partnerships for development, be they with UNDP, regional, bilateral or with NGOs and
the private sector, and form new and innovative relationships.

Committed to raising

 As a nation PNG’s Human Development Index such that by 2050 we are in the top 50 countries in
the world; improving economic wealth of most PNGians and their health and educational
attainments; and in general their well-being.
Observation: Yes - both definitely are.
10. Do both recognize these key elements in attaining a sustainable society?
• Recognition of Earth as a life support system that we inherit from our ancestors and hold in trust for our
grandchildren,
• Integral human development that provides for spiritual, cultural, social, mental, physical and economic
well-being,
• Maintenance or enhancement of the nation’s assets: natural (renewable and non-renewable), human
made assets (infrastructure, institutions, systems of governance, and people (human resources, culture,
traditional knowledge),
• Equity and social justice for present and future generations; this will require living within our means by
balancing needs and limitations, and a long term perspective that considers the needs and aspirations of
future generations as well as those of the present,
• Empowerment of people so that they are able to articulate effectively in decision-making at all levels.
People must be able to define their own development needs and action plans. This will enable them to
take responsibility for their actions and assume ownership of the process and results,
• Integrate decision-making processes that link social, environmental/ecological and economic objectives
and are flexible so that solutions can be tailored to local needs and aspirations within an overall national
framework,
• A precautionary approach that manages risk and is carefully planned, with explicit decisions about
priorities and trade-offs,
• Monitoring and evaluation of progress toward achievement of local and national goals.
Observation: Vision 2050 only state some, again not precautionary principle – NSRSD, definitely state
directly or indirectly ALL.
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Question 11. Are Vision 2050 and NSRSD committed to rectifying the following policies on
important PNG issues where unsustainability definitely exists? All are “problem areas” that need to
be rectified, mitigated or prevented (as appropriate):
• Recognizes the need to achieve social equity and economic justice and environmental / ecological
sustainability for all rural and village communities across PNG:
Observation: Both yes,
• Committed to maintaining the biodiversity diversity and oppose all policies which reduce it:
Observation: NSRSD yes,
• Oppose policies that support unsustainable logging practices and clear felling of PNG's forests &
support policies that ensure community and eco-forestry practices that are sustainable and
downstream processing of managed plantations in degraded areas:
Observation: NSRSD yes,
• Oppose unsustainable forms of agriculture and those that reduce our biodiversity and genetic
diversity; all SABLs must be immediately rescinded. Strongly support sustainable agricultural
policies that enhance food security for all PNGians, and improved livelihoods, and ensure
ecological integrity:
Observation: NSRSD yes,
• Recognize the present policies toward extraction of minerals and oil but note that hydrocarbons
contribute to increases in greenhouse gas emissions (particularly CO ) and also both cannot be
2
sustained; need for changes in policies to those which will ensure that the benefits flow from these
extractive industries to all PNGians and that ensure that these benefits are sustained. Dumping of
mine wastes into rivers and the sea must stop; contributions to greenhouse gases must be matched
by complimentary environmental / conservation offsets and REDD related activities:
Observation: Only NSRSD yes,
• Recognize the need to prevent pollution of our land, air and rivers, coastal areas and ocean and
prevent overexploitation of our fisheries and marine resources.
Observation: Vision 2050 is weak on ecological sustainability; accepts the brown development
agenda causing pollution, so need minimize it, not prevent it!!
• Support a policy of sustainable cities, towns and villages. Improved works and infrastructure for
all, as must use of renewable energy, supply of clean water, sanitation and solid waste
management. We must adopt policies that follow the waste management hierarchy of in order of
preference: prevention, minimization, reuse, recycle, energy recovery, and least disposal; support
cleaner production:
Observation: Vision 2050 partially, NSRSD yes
• Support policies that improve human capital, that is human empowerment through free access to
primary, secondary and tertiary education, technical training and in particular information
technology (IT) and increases in research and development:
Observation: Both yes
• Support an open and transparent government with open and transparent policies and
decision-making and community participation across all levels of government: local, provincial and
national; and support policies to rid PNG of corruption:
Observation: Both yes
• Support moves towards green economics, ecological economics and environmental accounting,
valuing both biodiversity and ecosystem services; and those that ensure improved economic
livelihoods for all PNGians, consistent with strong/ ecological not weak/ economic sustainability:
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Observation: Vision 2050 definitely no, accept brown development paradigm; NSRSD definitely
yes support green development / green growth.
CONCLUSION
The Department of Planning and Monitoring and Hon Charles Abel need to be complemented for
initiating this remarkable and exciting new approach to development in Papua New Guinea. Over the last
25 years PNG has made many mistakes. However Minister Abel and others recognize the harm that
brown development has brought to PNG. Some is good but plenty is harmful, does not benefit the
majority of PNGians and much of it is unsustainable. The PNG NSRSD is clearly an ecologically
sustainable development strategy meeting all of eleven sets of criteria on ESD. The document on the
NSRSD is visionary and revolutionary, as indeed it claims to be.
It is also the means to put in action the aspirations of Vision 2050. It will inevitably meet hindrances and
barriers and hurdles along the way as it is implemented. But given strong political leadership and a
grass-roots campaign by educators and activists, it can be implemented. It will certainly make PNG a
leader in development if it happens.
The NSRDS clearly is an ESD or sustainable development strategy that promotes green development and
a new paradigm. It is the way to fulfill our vision for 2050. The NSRSD is an extraordinary document. It
is well argued, inclusive of what is needed. It is challenging and exciting. The Minister and his staff need
to be commended. We all need to give our full commitment to help implement this strategy. If we do I
believe we will be well on the way traveling on the road … from Rio to Rai to now to ESD to ples. It is
now up to us, Stretim nau bilong tumora.
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ABSTRACT
Various approaches to forest management, which can generically be referred to as ‘community forestry’,
have become widely promoted in much of Asia in recent decades, but they have had mixed success in
providing genuine benefits to the rural populations involved. One major limitation has been the limited
recognition of local tenure and the associated lack of decision-making power, which limits the effective
control of forest resources by the communities. Unlike the situation in most of Asia, rural people in PNG
have legally recognized rights to land and forests under the Constitution. However, most commercial use
of forests has been through concessions managed by the PNG Forest Authority. Royalties to communities
are not always regarded as satisfactory by landowners and advocates, and much forest harvesting by
concessionaires is frequently regarded as silviculturally unsustainable. One alternative approach that
has been developed is ‘ecoforestry’ which involves sustainable management (including harvesting) by
communities. Despite the obvious potential, there are a number of barriers to increasing income flows
and to enabling wider practice of ecoforestry. A second approach to community forestry is
community-based reforestation in grasslands. This has also faced challenges. This paper identifies some
of the challenges to both these forms of community forestry, based largely on a review of the literature
and the experiences of a project funded by the Australian Centre for International Agricultural Research
and implemented in partnership between Australian and PNG based partners. Among the key challenges
identified are poorly understood market chains, economies of scale and limited cooperation between
landholding groups. Some possible ways in which these challenges might be addressed through
action-oriented research are suggested.
Keywords: Ecoforestry, community forestry, forest restoration, and small-scale forestry

32

Proceedings of RST UPNG Sci. Conf. Nov 2014
INTRODUCTION
A variety of approaches to forest management based on the involvement of local communities have been
widely promoted globally in recent years. They have been especially prominent in Asia. The various
approaches have a variety of names, including community forestry, community-based forest management
and joint forest management. For convenience the generic term ‘community forestry’ is useful and is
being applied in this paper. Although the programs in different countries have somewhat different
objectives and operate in widely different contexts, they generally have broad concerns with improved
(more sustainable) forest management and provision of livelihood benefits, sometimes including cash
income, to participants.
Community forestry programs are often seen as having been moderately successful in contributing to
improved forest management, especially in terms of increasing and improving forest cover. (For an
overview of the impacts of community forestry programs on forest cover, see Porter-Bolland et al, 2012.)
However, their success in providing genuine benefits to the rural populations involved has been mixed at
best (Malla et al, 2003; Fisher, 2014). In Asia, one of the factors regarded as a constraint to increasing
benefits is the limited recognition of local tenure and the associated lack of devolved decision-making
power which limits the effective control of forest resources by the communities (Dahal et al, 2011; Fisher,
2010). The situation in Papua New Guinea differs widely from the usual situation in Asia, in that
customary ownership of land, including forestland, is legally recognised in PNG law and under the
Constitution. Despite this, the development of community forestry in PNG has been relatively limited.
In PNG the PNG Forest Authority regulates use of forests for timber production and most commercial is
directly managed by the PNGFA. Apart from relatively limited timber production by landowners,
commercial companies with logging concessions managed by the Forest Authority generally undertake
legal timber harvesting. Landowners receive royalties for timber extraction from their land, but these
royalties are not always seen as satisfactory and much commercial harvesting is regarded as
unsustainable. In response to the perceived lack of control of forests by landowners and the limited
benefits they have received, alternative approaches to forest management have been promoted. One of the
key models is ecoforestry (see Bun and Baput, 2006). The underlying principles of ecoforestry include
sustainable management of forests by communities for their own benefit. These principles fit the broad
objectives of community forestry as a general international movement quite closely. Generally
ecoforestry deals with community management of natural forests. It has been advocated by civil
organisations such as the Ecoforestry Forum and the Foundation for People and Community Development
(FPCD), which has been especially active in Madang Province.
A second form of community involvement in forestry in PNG can be described as community-based
reforestation. This involves community involvement in reforestation of grasslands, especially where the
grasslands are the result of deforestation, but also in areas where the grasslands may be natural rather than
anthropomorphic. Large areas of grasslands, which are probably suitable for reforestation, can be found in
the highlands and in the Ramu and Markham valleys. Both ecoforestry and community-based
reforestation are concerned with sustainable forest management or forest restoration and both are strongly
focused on providing benefits to landowner communities. In the case of ecoforestry, benefits include
provision of forest services and non-timber forest products as well as income from timber harvesting. The
potential benefits are less obvious in the case of community-based reforestation as any access to forest
products or income from harvesting tend to be long-term prospects rather than relatively short-term.
Both of these approaches have faced challenges in terms of wider adoption and providing increased
benefits to communities. This paper explores some of the challenges involved in upscaling these two
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forms of community forestry. The paper is largely based on the experiences of the project “Enhancing
the implementation of community forestry approaches in Papua New Guinea”. The project is funded by
the Australian Centre for International Agricultural Research (ACIAR) and is implemented by the
University of the Sunshine Coast in Australia, in partnership with PNG based and other Australian
partners. The research problem is about identifying ways to improve outcomes from the two forms of
community forestry and how to upscale community forestry initiatives through exploring constraints and
opportunities. The project is an applied research project. Success will ultimately be measured in terms of
the benefits achieved with communities.
The approach is intrinsically multi-disciplinary, with strong focuses on social science and market
research. The underlying logic is that ‘upscaling’ community forestry involves providing species and
technical options for reforestation and natural forest management that will contribute to the livelihoods of
rural communities as well as to sustainable forestry. This can only be achieved if the communities see the
options as attractive and if they are viable. The process is therefore inseparable from the decision-making
that occurs within communities about forest activities and the dynamics of relationships within and
between groups. Understanding decision-making involves understanding the information people use when
they make decisions and understanding the social dynamics (including conflicts) that occur. This involves
exploring questions about who decides, who benefits and how disagreement is addressed. Biophysical
options are only viable if local decision-making and social dynamics allow them to be implemented.
Aspects of decision-making and small-scale forestry have been previously explored in a PhD by Mulung
(2011; see also Mulung et al, 2011).
The project’s research is focused in three areas: Madang province (for research into upscaling
ecoforestry); the Ramu and Markham Valleys (for reforestation); and Goroka District (for reforestation).
The observations reported and discussed in this paper are, necessarily, only preliminary. The project has
been working on identifying issues and constraints, but this is a continuing process and applied research
to address constraints is at a preliminary stage.
SOCIOLOGICAL CONSTRAINTS
It is clear from literature and from research findings that, while customary tenure provides opportunities
simply because landowners have legal ownership of land and resources, it can also lead to major
complications. One issue is that the concept of ownership by clans obscures the existence of complex
(and sometimes competing) individual rights that exist within clans. There are a variety of ways in which
individuals within a clan are allocated land for farming (including tree farming) and while land may be
owned by a clan, it is often individuals within a clan who plant trees for private use. Agreement may be
required for that individual to harvest trees for sale. This sort of issue needs to be clarified before
promotion of tree planting takes place. A related issue is that planting of trees may represent a long-term
assertion of individual ownership and other clan members may dispute this.
Advocates of ecoforestry generally see it as an activity for a landowning group (a clan), but in practice
many of the existing ecoforestry operations operate at a family level or as cooperation between one or two
families within a clan. This can be a source of conflict within a wider clan where the families are seen to
be profiting from jointly owned resources, but it is also a challenge in terms of scaling up impacts as the
level of activity is essentially very limited, relates to very small areas of forest and benefits few people.
In some communities in the Ramu valley, our preliminary research indicates that villagers are very
concerned about the motives of outsiders seen to be promoting reforestation. This type of activity is
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questioned on the basis that land forested by outsiders might then be alienated to those outsiders. An
underlying question is who would own the trees if the seedlings were provided by a project.
Understandable suspicions of this type, along with the complex interplay between group and individual
rights mean that promotion of tree planting needs to be based on careful exploration of local interests and
facilitated negotiation with and between local people.
A common pattern associated with customary tenure is that there is conflict between clans and between
individuals within clans, especially when land-use changes. In the case of reforestation, tree planting by
one group may interfere with the secondary use rights of others, such as access for hunting. For this
reason, negotiations need to go beyond the group with primary interest in land to be reforested.
Similar issues can occur in ecoforestry. In the case of a small clan in Madang Province, a decision by the
landowners to allow commercial logging on a portion of their clan land, while maintaining the rest for
their own activities including ecoforestry, required negotiations with a neighbouring clan who had a
long-standing informal arrangement to use that portion for hunting. Those negotiations were time
consuming and required ritual recognition by members of both groups and by neighbouring groups.
A further constraint related to customary ownership is the reluctance of multiple clans to cooperate. In the
case of community-based reforestation this is a challenge to the scale of reforestation in the form of
reforestation across clan boundaries and cooperation between clans in sharing nursery resources and
collaborating in activities. In the case of ecoforestry it can be important in terms of sharing equipment and
carrying out joint marketing operations. In ecoforestry, economies of scale are a major challenge.
Ecoforestry activities tend to occur in relatively remote location, often with very poor road access. They
also tend to be carried out on a small scale, producing small quantities of rough-sawn timber. From a
marketing point of view, the operations are marginal and small and unreliable production is of little
interest to processors and exporters. Combining shipments, sharing sawing and milling equipment (too
expensive for most small operators to purchase individually) and sharing transport could potentially
contribute to addressing some of these needs. However experience in Madang and elsewhere is that
willingness to cooperate in very limited. A challenge for applied or action research is to facilitate the
development of mediating institutions or ‘umbrella’ organisations, which provide opportunities for
cooperative activities. These institutions do not need to be in the form of formal cooperatives, but might
be in the form of NGOs, which provide services or equipment on a not-for-profit loan basis. The nature of
potential ‘mediating institutions’ and the processes of developing support for them will be a significant
focus of our research.
All this demonstrates that customary (essentially clan-based) tenure, while providing the local tenure
missing in most countries which have community forestry programs, presents challenges both within the
clan (in terms of tensions between individual and group rights) and in terms of limited cooperation
between clans. It has to be stressed here that none of these pressures are deterministic. They do not
inevitably lead to conflict or inevitably prevent cooperation, but they require careful investigation,
facilitation and negotiation.
MARKET CHAIN AND BUSINESS ISSUES IN ECOFORESTRY
Market chain and business management issues are central to improving the potential for ecoforestry to
generate income for communities. The sociological factors that sometimes mitigate against inter-group
cooperation are closely linked to business issues involving economies of scale. Social and
business/market dynamics are often inseparable. One of the main issues in trading in timber is that
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harvesting and milling both require portable equipment, for which the costs are very high, especially
when the scale of operations is small. Equipment raises other issues. The maintenance costs of equipment
need to be covered. This involves the need for business planning skills as provision for maintenance and
depreciation costs of equipment need to be included in business plans if activities are to be sustainable.
Research in Madang Province suggests this is a major constraint. Training in both technical and
business skills is essential.
Very poor roads complicate access to markets for harvested timber and harvesting sites are often located
in difficult terrain remote from roads. The costs of transport can be very high, particularly for small
ecoforestry operations, which have higher production and transport costs per unit than larger commercial
operations.
Scale remains a major problem for marketing in another way: the market requirements for constant and
reliable supply often do not match the scale of landowner operations.
In order to achieve optimum profits targeting of the export market for timber from ecoforestry has been
advocated and in a few cases achieved. A challenge here is that timber certification is generally necessary
for the export market. Group certification has been practiced by FPCD in Madang, but maintaining
registration for timber certification is very expensive.
Another concern for effective marketing is lack of reliable market information. Information available is
often very vague in terms of prices, regulations and availability of services. One intervention by the
ACIAR/FPCD project team in Madang has involved collection of such information for dissemination to
groups.
Training needs for addressing some of the constraints include: business management and planning,
especially budget and cash flow management; use of equipment; and knowledge of market requirements
in terms of grading of timber.
It is clear that economies of scale, need for market information and technical and business skills are real
constraints. Action research is required to develop practical and socially acceptable ways of addressing
these issues.
The focus in this discussion of market issues has been on ecoforestry. At present market issues are less
relevant to community-based reforestation as it is necessary to build the resource first.
Economic incentives
The economic incentives for upscaling and adoption of the two forms of community forestry present
different challenges. Potentially ecoforestry offers greater returns to communities than royalties, but there
are significant investment and transaction costs and there are problems with comparing royalties from
Forest Agreements with potential benefits from ecoforestry. The lack of readily available data on royalties
is a challenge.
For community-based reforestation there is potential to sell timber resulting from reforestation, but there
is little potential for short and medium term benefits due to long-term maturation of planted trees.
Innovative ways to provide at least medium term benefits need to be explored.
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Technical forestry issues
At this stage of research, technical forestry issues have not been the major challenges, although they are
likely to become more important in later stages of the research.
Two issues are already apparent. In ecoforestry, skills to assess forest growth rates and sustainable harvest
are needed. These skills are crucial for sustainable forest management and business planning. The skills
can be outsourced, as there are many trained foresters available. A disadvantage of outsourcing is that
local people would lose control over forest management, particularly logging. Hence, extended capacity
building (e.g. training in silvicultural techniques) may be the best option to increase community
involvement and understanding of the consequences of the new management regime.
Previous efforts at providing seedlings for reforestation by farmers have tended to focus on large-scale
government or community nurseries. These have not been very successful in reaching out to farmers,
especially poorer farmers, for a variety of reasons. A serious question arises as to how effective large
nurseries are compared to small nurseries aimed at a single clan or perhaps a small number of clans.
Trials of small nurseries (managed by individuals or small groups) are being carried out in several
locations and training in seed collection and nursery management is being provided. For
community-based reforestation, nursery skills are required, but the necessary skills are not complicated.
The key requirement is careful investigation of the interests of relevant stakeholders.
POLICY ISSUES
A paper by Bun (2012) explores a number of policy factors that limit the capacity of landowners to
benefit from their mown forest resources. Bun’s main critique is that while most land in PNG is held
under customary ownership, the provisions of the Forestry Act (1991) are not clan-based and regulations
work in favour of commercial companies. Bun also points out that ‘the process of acquiring a timber
licence (TA) is cumbersome, expensive, and time consuming, sometimes taking up to 18 months.’
Incorporated Land Groups (ILGs) are an institution intended to enable landowners to better manage their
customary land. One effect is that they also give landholder groups a form of legal personality, which
assists access to bank loans. In Madang landowners involved in ecoforestry at a number of locations have
been attempting to register as ILGs, facilitated by the FPCD. The process was almost completed when the
regulations for registration changed and the process had to commence again. The process is now quite
onerous with all clan members required to provide birth certificates. In one group, most clan members
(several hundred people) did not have birth certificates and were required to pay a fee in order to obtain
them. This regulation has delayed (if not prevented) registration of an inclusive ILG with the result that a
loan to the landowners for a mobile sawmill is not available.
The theoretical purpose of ILGs is to enable communities to better manage their customary land, but
some critics have argued that the use of the ILG process has been ‘opportunistic’ in the sense that ‘it has
largely been used as a “short cut” to obtain landowner consent for resource exploitation’ (Tararia and
Ogle, 2010 :22). Further research is needed into the way policies work in practice in terms of facilitating
or constraining the development of the two forms of community forestry in PNG.
CONCLUSIONS
This paper has presented a preliminary overview of research into constraints facing the upscaling of two
forms of community forestry in PNG. One key feature of the research is that it demonstrates the close
integration between social and market research in understanding how upscaling might occur and in
informing biophysical research. People’s decision-making about forestry closely links the economic and
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the social.
Future applied or action research, arising from the early stages of the research, will focus on the following
problems and questions:
 Addressing issues of scale by exploring ways to support mediating institutions;
 Exploring clan, hamlet or even household nurseries as alternatives to large scale community or
government nurseries;
 Assess to what extent forestry extension programs successfully promote planting and reforestation
and particularly why people decide to engage or not engage in forestry activities.
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ABSTRACT
The discourse on global climate change and its impact on the natural environment is an ever changing
phenomena currently being experienced throughout the world. One such natural habitat that is
vulnerable to climate change is the mangrove forest along the coastline seas of Papua New Guinea
(PNG). Mangrove forest holds vast elements for sustenance of lives including human, animal and plant
species that make up the ecosystem. Livelihoods of most people in coastal regions depend on the
mangrove forest and the associated marine life it supports. It acts largely as a source of food and shelter
for humans and animals. PNG has large land area covered with mangroves compared to other
neighboring Pacific Island countries. It is known also for holding one of the worlds` highest diversity of
mangrove species. Therefore, collective effort is required to develop appropriate mitigating strategies as
stated in the PNG Development Strategic Plan 2010/2030 to promote sustainable environment
management, which is the basis of this study. In doing so, mangrove forest species will be protected from
the threat of climate change and sea level rise. Consequently, mangrove forests and their inhabitants will
be conserved from the deleterious effects of climate change in the country and the pacific.
Keywords: Climate change; mangrove forest; sea level rise; mitigating strategies.
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INTRODUCTION
Global climate change is one of the greatest challenges that humanity will face in this century. Although
geological records show climate changes throughout history, the present rate of global warming poses
notable threat to the survival of human kind and animals, as it will affect the entire ecosystems. Climate
change, interchangeably used with global warming is a term used to describe the long term weather
patterns of a particular place including the amount of rainfall a place normally receives, and the normal
temperature range it experiences. It refers to the changes to the earth’s climate that result from human
activities. Notable human activity that contributes to climate change is the burning of fossil fuels for
energy. Activities such as increased industrial pursuits produce greenhouse gases (GHGs) that contribute
to climate change. GHGs also occurs naturally in the earth’s atmosphere, but are now being produced at
a much higher levels unlike the past due to increased human activities that are responsible for the
production and emission of GHGs. GHGs act as a barrier and helps retain sun energy within the earth’s
atmosphere, which leads to global warming caused by increase in temperature (Duggan, 2010).
Mitigating the effects of climate change is the action of lessening the intensity of the effects of climate
change such as sea level rising, changing weather patterns, high rainfall causing severe flooding and
sedimentation in the riverbanks, deltas and coastlines. Office of Climate Change and Development
(OCCD) reported that mitigation of global warming involves taking actions to reduce GHG emissions and
to enhance sinks at reducing the extent of global warming (OCCD, 2010).
According to Duggin (2010) deforestation accounts for about 17% of all global GHG emission, and most
of this occurs in tropical nations in the Pacific, South East Asia, Africa and South America. Therefore,
efforts in stopping deforestation will significantly reduce the total GHG released into the earth’s
atmosphere. Forests absorb large amount of carbon dioxide from the atmosphere through the process of
photosynthesis. They store carbon dioxide in the plant tissues and soil. In doing so, forests help to
absorb GHG back from the atmosphere, thus, reduce the amount of GHG emissions in the atmosphere.
Keeping forest standing is important to minimize the threat of climate change not only because this will
reduce GHG emissions going into the atmosphere, but also keeping forest standing will mean that more
CO2 is taken out of the atmosphere.
Carbon dioxide (CO2), Methane and other naturally occurring GHGs as well as industrial gases trap heat
from escaping out of the earth’s atmosphere. Human reliance on fossil fuels for energy has increased
the amount of CO2 in atmosphere. Biogenic emissions of GHG from land use have increased the
greenhouse effect. Deforestation and poor land management have reduced the absorptive capacity of
plants, forest and soils. Projections by Intergovernmental Panel on Climate Change (IPCC) and OCCD
predicted that the CO2 level will rise to 550 – 700 parts per million (ppm) by 2050 and 650 – 1200 ppm
by 2100 (OCCD, 2010). Scientists have predicted that temperature could rise between 1.8 0C and 40C by
2100. With the increase in global warming, any rise in temperatures of more than 2% over industrial
levels would have devastating impact on people’s lives, economic infrastructure and the natural
environment.
Papua New Guinea’s (PNGs) approach must be aligned with other countries as responsible global
partners in making valuable contribution to provide solution to this global challenge as it is encapsulated
in the National Development Strategic Plan 2010 -2030. The success of PNG’s efforts would enhance the
developed countries affirm their responsibility for accumulated GHG emissions and fulfill their
commitments under the United Nations Framework Convention on Climate Change (UNFCCC), to
transfer the new and additional financial resources and climate friendly technologies to support both
adaptation and mitigation measures in PNG (OCCD, 2010). Papua New Guinea is determined that its per
capita greenhouse gas emissions will at no point exceed that of developed countries even as it pursue its
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development objectives. It remains committed to reducing and achieving the 100% emission target by
2050.
ROLE OF MANGROVE FOREST IN MITIGATING CLIMATE CHANGE
A mangrove has been defined as a tree, shrub, palm or ground fern, generally exceeding more than half a
meter in height, and which normally grows above mean sea level in the inter-tidal zones of marine coastal
environment (McLeod et al, 2006). It is now a species believed to be facing extinction, even though it
sustains the livelihood of people living along the coast of PNG. The biodiversity of the mangrove forest
is also at risk, the mangrove forest products and the services are at brink and most importantly the habitat
of the so many living organisms (fauna) will be faced with global climate change catastrophe if
conservation and prevention strategies are not formulated and implemented. There are 110 known
mangrove species but only about 54 species in 20 genera from 16 families constitutes the true mangroves
species that occur almost exclusively in mangrove habitats. Demonstrating convergent evolution, many
of these species have found similar solutions to the tropical conditions of variable salinity, tidal range
(inundation), anaerobic soils and intense sunlight. Plant biodiversity is generally low in a given mangal.
This is especially true at higher altitudes. The greatest biodiversity occurs in the mangal of Indonesia
and Malaysia (Tomlinson, 1986). Red mangroves, which can survive in inundated areas, prop themselves
above the water level with stilt roots and can then absorb air through pores in their bark called lenticels.
Black mangroves thrive on higher grounds and make many pneumatophores (specialized root-like
structures which stick up out of the soil like straws for breathing), which are also covered in lenticels.
These breathing tubes typically reach heights of up to thirty centimeters, and in some species, over three
meters. There are four types of pneumatophores: stilt or prop type, snorkel or peg type, knee type, and
ribbon or plank type. Knee and ribbon types may be combined with buttress roots at the base of the tree.
The roots also contain wide parenchyma to facilitate transport within the plant (Tomlinson, 1986).
To understand why mangrove forests are important for addressing climate change, it is necessary to
understand that forest store large amounts of carbon. It is stored in the leaves, branches and trunks of
tress, as well as in the soil of forests. When forests are destroyed through logging, gardening or bush
fire, much of this carbon is released from trees and soils back into the atmosphere as carbon dioxide gas.
Carbon dioxide is one of the main GHG that contributes to climate change. Therefore, clearing forest
directly adds large amounts of GHG to the atmosphere, contributing to climate change. Mangrove forests
will continue to help communities in this habitat cope better with future impacts of climate change,
because it captures and stores water better than the cleared land. Mangroves proved protection against
extreme weather such as storms through reduce tidal waves. Keeping mangroves helps and maintains
coral reef healthier by reducing the amount of soil being washed into the ocean. These benefits of
mangrove forest will protect communities from the negative effects of changing climate. Also
mangrove habitats are vital nursery grounds for many fish and marine invertebrates. It should involve
collaborative efforts from immediate concerned authorities or stakeholders to address now and manage it
for sustainable livelihood of the people, and sustainable management of the mangrove forest ecosystem
and the inhabitants for present and future generations of Papua New Guinea.
Status of mangrove species in PNG
The cumulative effects of natural anthropogenic pressures make mangrove wetlands of the most
threatened natural communities worldwide, and the global annual rate of mangrove loss is 2.1%
exceeding the rate of tropical rainforest (0.8%) (Gilman et al, 2006). Gilman et al, (2006) has estimated
that the land area of mangrove in the Pacific is around 524 369 hectares (ha). PNG has the largest
mangrove land area of 3372 770 ha, followed by Solomon Islands with 64 200 ha, Fiji with 41 000 ha and
New Caledonia with 20 250 ha. Out of the 372770 ha of mangrove found in PNG 75,685 ha is found in
43

Proceedings of RST UPNG Sci. Conf. Nov 2014
Central Province (Raga, 2006). The rest is found in other coastal parts of PNG such as Western, Gulf,
New Britain and New Ireland provinces. Distribution of mangrove species throughout the Pacific region
constitutes a total of 34 true species and three hybrid species. In the southern part of PNG, mangroves
have the highest global diversity with 33 mangroves species and two hybrids (Gilman et al 2006).
Climatic conditions, salinity, tidal fluctuation, substrate or soils, and wind velocity are major factors
which determine extent and type of tidal or mangrove forest (Singh, 2003). Climatic factors like
temperature fluctuation, humidity, precipitation, number of rainy days, regular wind flow, solar radiation
and fresh water flow in mangrove parts of PNG are significant factors for successful development of
mangroves. Global climate change, specifically change the temperature, CO2, precipitation, hurricanes
and storms, and sea level, combined with anthropogenic threats will threaten the resilience of mangroves.
Mangroves are not expected to be affected by the projected increase in the sea temperature. Most
mangroves produce maximal shoot density when mean air temperature rises to 25oC and stop producing
leaves when the mean air temperature drops below 15oC. At temperature above 25oC, some species
show declining leaf formation rate. Temperature above 35oC has led to thermal stress affecting
mangrove root structures and establishment of mangrove root structures and establishment of mangrove
seedlings because of no photosynthetic activity on the mangrove leaves (UNEP, 2006).
Atmospheric CO2 has increased from 280 ppm by volume (ppmv) in 1880 to nearly 370 ppmv in the year
2000 (Gilman et al, 2006). Most atmospheric CO2 resulting from fossil fuels will be absorbed into the
ocean, affecting ocean chemistry. Increased level of CO2 are expected to enhance photosynthesis and
the average growth rate in two Australian mangrove species, Rhizophorastylosa and
Rhizophoraapiculata, but only when grown at lower salinity level (UNEP, 2006).
Mangroves have tremendous social, ecological, environmental and economic impact and value. The
global annual economic values of mangroves, estimated by the cost of products and services they provide,
has been estimated to be US$200 000 - 900 000 per hectare (McLeod et at., 2006). Mangrove
ecosystem provides from the collection of fish, shells and crabs. Mangroves are harvested for wood fuel
and timber; and serve as nurseries for economically important fisheries, and provide habitat for large
number of mollusks, crustaceans, birds and reptiles. It also acts as filtering and trapping of pollutants and
stabilization of coastal land by trapping sediments and protection against storm damage. They are valued
in many parts of PNG because the coastline from erosion and damage by tidal surges, currents, raising sea
level, and storm energy in the form of waves. It also maintain coastal water quality by abiotic and biotic
retention, removal and recycling of nutrients, pollutants, and particulate matter from land base sources,
filtering these materials from water before they reach seaward coral reef and sea grass habitat (Gilman et
al, 2006).
Conservation strategies of managing and preserving mangrove species
Coastal communities in PNG that depend on the mangrove forest for sustainability of their livelihood like
the Barakau community in Central Province should be noticing the effects on the daily lives of the people
as a result of the effect of climate change on mangrove forests. Therefore, conservation strategies of
management and preservation of the country’s mangrove species and communities is a vital approach to
sustainable livelihood for the people in the coastal areas. Not only that but also to combat the effects of
climate change.PNG has vast river systems because of the rugged terrains and mountains. Those rivers
flow out to the ea depositing sediments and debris at the deltas and coastlines. This contributes to creating
waterlog areas along the coastlines that creates a conducive environment for growth and development of
mangrove species and the habitat for diversity of lives. Some of the effective strategies in managing and
conserving mangrove forest in PNG are stated below as adopted from McLeod et al., (2006).
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Effective management – to encourage resilience to global climate change, mangroves need to be protected
from anthropogenic threats, because mangroves that are healthy will also be able to adapt to global
changes. Managers should continue to reduce land based threats to mangroves by improving land use
practices to decrease nutrient and sediment run-off, monitor unregulated felling, reduce persistent use of
pesticides and increase filtration of effluent to improve water quality in addition to mitigation of other
anthropogenic threats. Support community based projects to reduce anthropogenic stresses, and expand
peoples understanding of the impacts of global climate change.
Maintain connectivity between mangroves and associated systems – connectivity between mangroves
systems and upland water catchments should be maintained to ensure adequate supply of sediments and
fresh water. Healthy mangroves should be selected whenever they are connected through currents to
areas that may succumb to sea level rise or to areas that would be suitable new areas for colonization
following sea level rise. Revive mangrove forests in areas where they may have disappeared or establish
them in new sites.
Establish baseline data and monitoring plan – because of the limited number pristine mangrove forests
and the increasing level of threats, establishing baseline data for mangroves is urgent and essential. Data
should include range of variables including tree stand structure, tree abundance, species richness and
diversity, invertebrate abundance, primary production (biomass and litter), nutrient export, hydrologic
patterns, rate of sedimentation and relative sea level rise. Baseline data can be used to develop
vulnerability assessments that will simulate how areas are likely to be affected by projected climate
change.
Develop sustainable and alternative livelihoods for mangrove dependent human communities – while
local stewardship and sustainable harvest of mangroves can be successful, encouraging local communities
to develop alternative livelihood that are less destructive than over harvesting of mangroves or conversion
to fish or shrimp ponds is a crucial step to mitigate mangrove deforestation.
Build constituency and partnerships at local, regional and global scale – the tremendous challenges of
global climate change require creative solutions and collaboration. Strong leadership is necessary to
help mobilize support at local (within PNG), regional and global levels. Building global, regional and
local partnerships among industries and stakeholders, and conservation and infrastructure development
can help alleviate the financial burdens of responding to large-scale threat like climate change.
STRATEGIES TO MITIGATING CLIMATE CHANGE IN PNG
Two of the most strategic mechanisms developed under the OCCD to mitigate climate change are the
Reduced Emissions from Deforestation and Degradation (REDD) and Clean Development Mechanism
(CDM). The REDD was an idea that has been proposed internationally as a way to reduce GHG emission
from developing that still has their tropical forest intact, while at the same time providing opportunities
for sustainable development and conserving biodiversity (Duggin, 2010). The REDD is also part of
National Government’s sustainable economic growth policy initiative which identifies development
options that are environmentally and economically sustainable. It will provide long-term income
generating opportunities for resource owners and provide revenue options for the state. The key
strategies for REDD were developed by OCCD in 2010. CDM is another proposed mechanism to
reduce emission targets by engaging in economically and environmentally competitive emission reduction
projects in developing countries. PNG is embarking on CDM to contribute to sustainable developments,
through opportunities that allow sustainable use of forestry such as mangrove forests, harnessing of
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renewable energy resources, poverty alleviation, conserving the country’s unique and rich biodiversity
and cultural diversity (OCCD, 2010).
PNG in its National Climate Change Policy Framework (NCCPF) by the OCCD aims to:
 Achieve 50% of GHG reductions by 2020 and 100% by 2050,
 Promote mitigating strategies that contributes to sustainable economic growth,
 Reduce emissions from across sectors such as energy, transport, agriculture, forestry, mining,
petroleum and waste,
 Promote energy efficiency and increase use of appropriate low carbon and renewable energy and
technologies,
 Promote and implement Reduced Emissions from Deforestation and Degradation (REDD)
strategies,
 Ensure resource owners and stakeholders fully participate and benefit from REDD initiatives.
CONCLUSION
PNG’s mangrove forest is faced with the threatening effects of climate change that is affecting the
livelihood of the people, both at present and the future generations, whose livelihood depends on the coast
line forest and the marine resources. The present generation of this age should be made known of the
causes and the consequences of the effects of changing climate. Preventative control measures and
strategies should be formulated and put in place by concerned authorities such as National Forest
Authority (NFA), Department of Environment and Conservation (DEC), and the civil societies such as
the PNG Eco-Forestry Forum, so that mangrove forest ecosystem is conserved and sustained for the
livelihood of the present and future generations. Also to mitigate the atmospheric CO 2 by rehabilitate the
mangrove forest thus it becomes the carbon sinks mitigating climate change effects now for betterment
for future generations.
RECOMMENDATIONS
Some considerations for developing coastal mangrove forest planning and adaptation strategies that
should be implemented by key stakeholders and the local coastline communities are:









Conduct vulnerability assessment – specific mangrove vulnerability assessment must be done to
assess the effects of climate change. When effects become apparent, options for adaptation may
be limited or restricted. Incorporate the results of these vulnerability assessments into coastal
land use policies to provide adequate information to minimize social disruptions and cost and
minimize losses of valued coastal habitats based on the recommendations;
Reduce and eliminate non-climate related stresses that are affecting mangroves that will increase
mangrove resistances and resilience to the effects of climate change such as sea level rise;
Rehabilitate and restore mangrove in exhausted and degraded areas by removing stresses that
causes mangrove to decline, and create new mangrove habitat that will contribute to offsetting
anticipated reductions in mangrove area and health, and increase resilience to effects of climate
change;
Local communities and leaders must recognize the long-term benefits of mangrove conservation
in order to reverse historical trends in loss of mangrove areas. Outreach programs such as
educational awareness can help develop a conservation ethic and;
Conduct research into the habitat linkages between mangroves and other terrestrial and
marine/aquatic ecosystems.
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ABSTRACT
Rising sea levels causing salt-water intrusion and worsening soil salinity is a major concern for coastal
communities and small atolls. Taro (colocasia esculenta) like many other crops is vulnerable to the
effects of soil salinity. Performance of twenty four (24) priority cultivars from the Secretariat of the
Pacific Community Centre for Pacific Crops and Trees (SPC CePaCT) and 5 cultivars from the National
Agricultural Research Institute (NARI) Southern Regional Centre, Laloki taro working collection was
investigated under natural saline conditions to identify tolerant cultivars which could be used by farmers
to manage worsening soil salinity scenarios common in coastal communities. Saline water with 120.23
mg/L chlorine, 3.888 g/L saline concentration and fresh water treatments were used to compare growth
and yield performance in the study using Augmented Block Experiment Design in four blocks. Three
check cultivars used (LALCe 002, LALCe 005 and LALCe 007). The growth of PNG 103 and PNG 151
was vigorous with yields 1.22kg and 2.54 kg per corm respectively in fresh water treatment, whilst PNG
107 and PNG 27 had yields greater than 1 kg per corm in saline water treatment. Yield performance of
other cultivars including the check cultivars in all blocks produced less per corm. Identified
saline-tolerant cultivars will be added to the regional ‘climate ready’ collections at SPC CePaCT for
safety duplication and distribution to other countries. The availability of these cultivars will help to
address food insecurity caused by increased salinity levels in the soils of coastal communities of PNG and
other Island nations.
Keywords: Soil salinity, centre for Pacific crops and trees, augmented block experiment design, taro,
PNG
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INTRODUCTION
Taro [Colocasia esculenta (L) Schott], a vegetative propagated root crop, is a major staple in the diets of
many Pacific Island countries and Territories. Taro has special cultural, dietary and economic importance
in most Pacific Island countries. In the atoll and coastal communities of the Pacific rising sea levels are
leading to problems with salt-water intrusion. The resulting increase in soil salinity can affect taro
production with implications for food and nutritional security and household income generation. Salinity,
an abiotic stress that combines, elements of water deficiency and sodium toxicity is a serious and
widespread problem in low-lying islands and land, resulting in reduced crop yield (Verma, 2014). Some
taro cultivars can tolerate salinity and can grow in 25-50% salt water. Such saline conditions would prove
lethal to most other crops (Onwueme, 1999). The study, as well as identifying salinity tolerant cultivars
also aimed to develop guidelines on protocols for screening salinity tolerance and to document results for
future studies.
MATERIALS AND METHODS
The study was conducted at Toutu Farm almost 10km from the coastline in the Gabadi area of Central
Province. Local climatic conditions include a marked dry season from May to October and a wet season
with average annual rainfall of about 1100 mm from December to April. The project site experiences salt
water intrusion into freshwater aquifers during rainy season with increased salinity in soil water. The
salinity tolerances of twenty- four (24) taro cultivars were tested. The experiment was established using
Augmented Block Experiment Design (ABED) in four blocks. Sixteen (16) plots established per block
with eight plots receiving fresh water and eight plots saline water before planting. In each plot, 5 suckers
for each of the 24 cultivars were planted at 1m x 1m apart with 1.5 m separating blocks. Three cultivars
were used as check plants (LALCe 002, LALCe 005 and LALCe 007) selected based on growth and yield
performance in the working collection. The electrical conductivity of soil from saturated soil extract and
the chloride and sodium concentrations of water obtained from the four (4) meter well used for irrigation
were measured.
Various growth parameters were measured. However, this paper will only discuss yield results between
two treatments. At harvest the corm length and breadth ratio were measured with yield performance for
marketable corms. Symptoms of salinity stress were observed on leaf tips with burning and curling of leaf
edges. Excessive lateral roots were observed on mature corms at the time of harvest under saline water
treatment.
RESULTS
The results show there is no significant difference between the taro marketable yields for cultivars tested
under the fresh water treatment (Table 1). However, Augmented Design enables statistical analysis to
separate cultivars that are performing differently from the control plants. Statistical Analysis however
shows there is no statistical difference in the corm weight for all the different corm weight comparisons.
Although statistically, there is no significant difference in the corm weight for all the different corm
weight comparison, PNG 151 and PNG 103 performed better than other cultivars as reflected in the
analysis (Table 2).
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Table 1. Augmented ANOVA for Yield Performance for Fresh Water Treatment
Source of Variation
Corm Yield Under Fresh Water
df
MeanSS
P-Value
Varieties.undj
19 0.25
0.88
Block.adj
1
0.05
0.77
Control
2
0.42
0.51
Augmented
16 0.24
0.89
Control vs Augmented
1
0.08
0.71
Residuals
4
0.53
Corm Means= 0.59 kg; CV= 123.5 %
Table 2. Variety Mean Corm Weight (kg) and Standard Error of Differences for Fresh Water Treatment

Variety
Corm
Weight
(kg)
Variety
Corm
Weight
(kg)

PNG
151

PNG
103

PNG
121

PNG
27

VAN03

PNG114

PNG139

C3

LALCe010

PAL20

2.54a
PNG
149

1.22a
VAN
05

1.19a
PNG
48

1.05a

0.79a

0.70a

0.61a

0.57a

0.56a

SI20

KP02

PNG113

PNG107

0.51a
LALCe
001

0.50a

0.49a 0.46a 0.43a 0.42a
Critical Differences (Between)

0.37a

0.31a

0.26a

C1

C2

0.24a

0.05a

Std Error Diff.
0.73
1.03
1.19
0.94

Two Control Treatments
Two Augmented Treatments (Same Block)
Two Augmented Treatments (Different Blocks)
A Augmented Treatment and A Control Treatment

Evaluation of corm yield under saline water treatment also did not show significant difference among the
cultivars as shown in Table 3. However the Augmented Design enabled selection of cultivars that
performed better than the control plants. Augmented design enable comparison of these plants to control
within same blocks as well as in different blocks. This enables the selection of exceptional cultivars as
shown in Table 4. The cultivar PNG107 seems like suitable cultivar for further testing for salinity
tolerance in a replicated trial.
Table 3. Augmented ANOVA for Yield Performance for Saline Water Treatment
Source of Variation

Corm Yield
Water

Under

Saline

df

MeanSS

P-Value

Varieties. unadj

26

0.13

0.25

Block.adj

1

0.08

0.34

Control

2

0.17

0.17

Augmented

23

0.13

0.25

Control vs Augmented

1

0.22

0.13

Residuals

5

0.07
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Corm mean=0.46 kg ; CV=56.7%

Table 4. Variety Mean Corm weights (kg) and Standard Error of Differences for Saline Water Treatment
Corm
Groups Variety
weight Groups
Variety
Corm weight
A
PNG107
1.70
bc
PNG41
0.40
Ab
PNG27
1.01
be
C3
0.31
Ab
SI19
0.97
bc
LALCe010 0.30
Abc
PNG139
0.73
bc
SI21
0.29
Bc
PNG149
0.70
bc
VAN03
0.27
Bc
PAL20
0.69
bc
LALCe001 0.25
Bc
KP02
0.55
bc
SI20
0.25
Bc
PNG121
0.50
bc
PNG48
0.20
Bc
PNG113
0.49
bc
PNG30
0.12
Bc
VAN45
0.47
bc
SI79
0.07
Bc
PNG114
0.44
bc
VAN05
0.07
Bc
C1
0.44
bc
VAN84
0.07
Bc
PNG103
0.43
c
PNG50
0.00
Bc
C2
0.41
Critical Differences (Between)
Std Error Difference
Two Control Treatments
0.26
Two Augmented Treatments (Same Block)
0.37
Two Augmented Treatments(Different Blocks)
0.42
A Augmented Treatment and A Control Treatment
0.33

Soil chemical analysis
The soil pH for the site was 6.6. The electrical conductivity (EC) of soil from a saturated soil extract was
42.35 mS/cm with a total soluble salt (TSS) of 14.82 mg/L. According to Lamond et al (1992) and others
most crops can grow from 0 -2 dS/m with the exception of some crop species performing at 2 - 4 dS/m
and beyond with satisfactory yield. An EC of soil with > 16 dS/m (1 dS/m is same as 1 mS/cm) is
recommended as soil with very high salinity level and only a few crops can grow at this level. An EC of
42.35 mS/cm indicates a very high salinity level, which could be lethal to most crop species.
Physiochemical analysis in water
The physiochemical analysis result of saline water showed chloride concentration with 120.83mg/L and
salinity concentration with 3.888 g/L. Per plant received 241.66 mg/L chloride and 7.776 g/L of salinity
concentrations at 6L/week in the first two months and 1812.45 mg/L chloride with 58.25 g/L of saline
concentration per week in the remaining 6 months.
DISCUSSION
Symptom of salt stress was evident in all 24 cultivars for both treatments with excessive lateral root
development on corms observed only under saline water treatments. Excessive lateral roots on mature
corms at harvest suggest that there is presence of NaCl concentration in the soil due to high salinity.
According to literatures the effect of salt stress on lateral roots growth can vary depending on the NaCl
concentration level. Salt stress markedly promotes lateral root elongation (Wang Y et al, 2009). The
results show different responses to salinity treatment from the cultivars. A number of cultivars have
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outperformed the controls in terms of yield. This however would need to be further tested in a full
replicated trial to ascertain the results.
CONCLUSION
This varietal evaluation indicated that taro varieties screened did not respond differently to fresh water
treatment. However they did indicate varying responses when treated with saline water. The yield
difference for salinity tolerance was not statistically significant
however the statistical methods used
enable selection of superior varieties that can be further tested in a replicated trial. Augmented Block
Design is a useful way of screening large test varieties. Although the results has proven no statistical
difference for both treatments, it was observed that growth performances of PNG 107 and PNG 27 under
saline water treatment were vigorous, provided the natural saline conditions in which the study was
conducted. It was also observed that PNG 151 and PNG 103 performed better than other cultivars under
fresh water treatment. This indicates that these cultivars can be able to perform under such salinity
condition; hence they can be identified as salt tolerant cultivars. Experience from this study, suggests
future studies should consider EC of soil be measured at different stages, prior to field planting, during
growing period and at the end of the study. It also suggests that wider plant spacing be used between
treatments, and consider using saline water treatments at different rates to see how taro cultivars would
respond to different saline levels.
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ABSTRACT
The growth of smallholder broiler chicken production is constrained by the cost and availability of
commercial feeds and feed costs are the major costs in broiler production. One possible solution is an
increased use of copra meal where this is readily available from copra milling. Limited earlier work has
shown the potential for using mixed diets of copra meal and commercial broiler finisher feed during the
finishing stages of growth over weeks 4-7 of the production period. A randomized trial with three
replicates was set up at the Papua New Guinea University of Natural Resources and Environment to
confirm the utility of diets containing 0, 30 or 60 percent copra meal mixed with broiler finisher feed.
Each of the nine experimental units consisted of 10 birds. Feed intakes were similar between treatments
but final weights and weight gains were significantly different and ranked from higher to lower inversely
according to the level of copra meal inclusion. Consequently, the feed conversion ratio ranked in a
similar fashion from most to least efficient. However, the results show that a satisfactory marketable bird
can be produced on a diet containing up to 60 percent copra meal. The data were used to calculate the
threshold ratio of the prices of the commercial feed over those of the copra meal diets to indicate at what
price ratios the use of the latter diets would be effective in generating increased profit. The calculated
ratios were 1.20 for the 30 percent diet and 1.62 for the 60 percent diet. Current prices give ratios above
the threshold indicating the utility of using copra meal in this way. Benefits can accrue to both producers
and consumers if feed prices can be reduced or at least constrained by use of these technologies.
Keywords: Broiler chickens; diets; copra meal; growth; feed conversion
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INTRODUCTION
Small-scale broiler production in Papua New Guinea (PNG) plays a key role in poverty alleviation.
Further development depends upon applying a lower cash input to achieve appropriate outcomes.
However, many farmers have problems with the increasing cost of commercial broiler pellets or access to
them, including especially transport costs. Hence it is vital to realize the potential of locally available feed
resources that can be developed for use as substitute feeds. Importantly, greater use of agro-industrial
by-products such as copra meal and wheat mill run, where available, can be used more effectively to
minimize high production costs and thus not only increase farmer incomes but reduce further increases in
costs to consumers of chicken.
There are three possible options to solve this problem. The first option is to attempt to produce a local
mixed complete diet using lower cost ingredients in maximal proportions. This option has so far not been
successful although a number of farmers have tried to develop a local formula. Hence, a second option is
the addition of a nutrient balancing meal to a diet mainly comprised of a staple crop such as sweet potato,
cassava or banana. The National Agricultural Research Institute is researching this approach.
The third approach is to utilize copra meal as a partial substitute for commercial feed during the finishing
growth stage of broiler chickens. The current study carried out on the farm of the PNG University of
Natural Resources and Environment, East New Britain Province, was designed to add to the knowledge in
using locally produced copra meal to substitute for commercially available broiler finisher feed at 30 and
60 percent levels in the diets of broiler chickens from day 21 to a final weight at day 53 of growth. It was
thought that the high production cost problem could be minimized by application of appropriate methods
for utilizing copra meal as substitute feed for broiler chickens at the finishing growth stages.
Copra meal as a by-product of the coconut oil industry can be utilized either as a protein or energy source
in animal feeding. The concept of supplementing a commercial diet for poultry with a lower cost locally
available feed was first evaluated using a feed for rabbits formulated mainly from locally available
agro-industrial by-products for Muscovy ducks (Ignatius and Quartermain 2002) and then for the
finishing stages of broiler chicken production (Pandi and Quartermain in press). This concept was
extended to using copra meal in further work with broiler chickens by Pandi (2005). The results of this
work indicated that broilers fed on 20 and 40 percent copra meal diets performed as well as those on the
100 percent broiler finisher diets and even a 60 percent supplement could be economical although with
birds having a slower growth rate. It was thought important to carry out further trials involving copra
meal because of its local availability and the promise of the earlier results. The copra meal diets in the
current work were compared with the standard commercial broiler finisher diet as the base line to justify
the economics of using locally available feed resources in East New Britain and elsewhere with access to
copra meal.
METHODOLOGY
1. Birds and feeds
Commercial day-old broiler chicks were obtained from New Guinea Table Birds Ltd in Lae and
transported to the University farm in East New Britain. They were fed on commercial broiler starter feed
during the brooding stage and introduced to the 30 and 60 percent copra meal mixed diets at 21 days old.
The feed used in this trial included the commercial broiler finisher and the agro-industrial by-product
copra meal and the rates of feeding were to appetite based on those recorded by Garalom and Malagat
(2010) as used at the university farm.
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2. Experimental design
A completely randomized design consisting of three treatments and three replicates was used.
the nine available pens was allocated 10 birds. The three treatments were:
Treatment 1 - 100% broiler finisher control
Treatment 2 - 70% broiler finisher + 30% copra meal
Treatment 3 - 40% broiler finisher + 60 % copra meal

Each of

3. Feed preparation
The feed preparation during the experiment period is explained as follows:
i.
A weighed quantity of broiler finisher was mixed with water to disintegrate the pellets.
ii.
The required weight of copra meal was added to the watery broiler finisher.
iii.
The combined feeds were mixed well to obtain an even distribution of nutrients.
iv.
The daily requirement for each pen was fed as a mash.

Figure 1: Commercial finisher pellets and copra meal flakes

Figure 2: Mash feed containing mixed proportions of finisher pellets and copra meal.
4. Threshold Ratio of Costs
It was decided to determine the price (cost of feed) ratio between the high intensity broiler finisher feed (H)
and each of the lower intensity, copra meal mixed feeds (L) such that the feed cost of producing a kilogram
of live weight during the finishing period of a bird would be equal. This can be considered as the break-even
or threshold ratio. Any value of the ratio of actual feed prices above the threshold would indicate an
economic advantage in favor of the lower intensity system. An increase in the actual ratio would occur if the
high intensity feed price rose or the cost of the lower intensity feed can be reduced relatively.
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The threshold ratio is calculated as follows and is independent of the actual feed prices.
Cost of 1 kg of weight gain on the high intensity feed = (Intake H)(Price H)/(Gain H).
Cost of 1kg of weight gain on the low intensity feed = (Intake L)(Price L)/(Gain L).
At the threshold, (Intake H)(Price H)/(Gain H) = (Intake L)(Price L)/(Gain L).
Hence the threshold ratio of feed cost,
Price H / Price L = (Intake L)(Gain H)/(Intake H)(Gain L).
This procedure was first developed and reported by Ignatius and Quartermain (2002).
RESULTS
The weekly mean feed intakes and the weekly mean liveweights of the birds in each treatment from week
four to week seven are shown in Figures 3 and 4.
Figure 3: Weekly mean intake of birds per treatment.
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Figure 4: Weekly mean weights of birds per treatment
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These results are summarized in Table 1.
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Table 1: Mean live weights, overall gain, total intake and food conversion ratio per bird over the
experimental 4 week phase
Diet

Treatment diets

1
2
3

100% BF
70% BF + 30%CM
40% BF + 60%CM

Initial
weight
0.519
0.507
0.502

Final
weight
2.618a
2.187b
1.795c

Different letters show significant differences.

Weight
gain
2.099a
1.680b
1.293c

Intake

FCR

4.426a
4.235b
4.415a

2.11a
2.52b
3.41c

BF = Broiler finisher, CM = Copra Meal.

Intakes
The total intake of the birds shows that the birds fed with the 30 percent CM diets had lower intake that
was significantly different from the birds on the 60 percent CM diet and the 100 percent BF. This
difference is not explained but, in any case, is not large.
Weights
The initial weights showed no significant differences between treatments in bird weights. However,
there were clear differences in bird weights during the progressive weeks. Birds on the 100 percent BF
had significantly higher bird weights than those on the mixed diets and birds on the 30 percent CM diet
had significantly higher weights than those on the 60 percent CM diet.
Gains
The weight gains show significant differences between the three diets. Gain on the 100 percent BF feed
was significantly greater than on the 30 and 60 CM diets and birds on the 30 percent CM diet gained
more weight than birds on the 60 percent CM diet.
Feed Conversion Efficiency
Birds on the 100 percent boiler finisher had a lower conversion ratio than those on the copra meal mixed
diets. The feed conversion ratios reflect the weight gains and are less affected by the feed intakes.
Costs
The costs of growing the birds during the finishing stage only are given for each treatment in Table 2.
These costs are based on the recorded feed intakes (Table 1) and the calculated cost of each feed. The
ingredient costs to produce these feeds were CM at K0.52 per kg and BF at K2.68 per kg.
Table 2: Production cost of a bird and the cost per kilogram of live weight gain over the finishing period
Diets
Treatment diet
Cost of
Cost per bird
Cost per kg weight gain
feed / kg
100% BF
2.68
11.84a
5.64a
1
70% BF + 30% CM
2.03
8.59b
5.11b
2
40% BF + 60 % CM
1.38
6.10c
4.72c
3
Different letters show significant differences.
PNG Kina.

BF = Broiler finisher, CM = Copra Meal. Costs in

At the costs of the feed at the time of the experiment, the cost of producing the finished chickens was
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greater using purchased commercial broiler feed than using the mixes of broiler finisher feed and copra
meal. However, this must be offset against the lower final weights of the copra meal fed broilers.
Threshold ratios
Using the intake and weight gain data in Table 1, the threshold ratios of feed costs are calculated as 1.20
for the 30 percent CM diet and 1.62 for the 60 percent CM diet. Actual price ratios at the time of the trial
with the feed costs given in Table 2 were 1.32 and 1.94 respectively, both well above the respective
threshold.
DISCUSSION
Results from the trial have shown that broiler birds readily ate the copra meal diets as well as the
commercial feed with only small differences in intake. Pandi (2005) showed a substantial decline in
intake only on the 80 percent copra mal diet. Birds on treatment diet 2 performed well having weights
higher than those on treatment diet 3. The bird weights showed a distinct difference between all three
treatments with final weights and weight gains significantly different and ranked from higher to lower
inversely according to the level of copra meal inclusion. Consequently, the feed conversion ratio ranked
in a similar fashion from most to least efficient.
Bird intakes and consequent live weight gains are generally affected by factors such as chicken genotype,
sex, feed and its preparation, and environmental factors such as climate, housing and management. The
composition of the feed was the only factor affecting the results of this trial which clearly showed, as did
the results of Pandi (2005), that inclusion of copra meal at levels even as high as 60 percent in a mixed
diet with commercial broiler finisher can be successful.
Copra meal contains higher fiber content than the carbohydrate sources were dominant in the commercial
feed and even the protein in the meal may have reduced availability. Broiler finisher is defined as a high
density feed whilst the copra meal is a low density feed. However, the production costs as indicated in
Table 3 enable the mixed diets to be competitive in spite of the nutritional disadvantages.
The advantages of using copra meal in this way are indicated by the ratios of actual feed costs being
above the threshold or breakeven ratios. The threshold ratios calculated by Pandi (2005) were lower than
those found here, partly because of lower weight gains and hence higher food conversion ratios for birds
on the 100 percent commercial diet. Nevertheless, the conclusions are similar between the two studies.
CONCLUSIONS AND RECOMMENDATIONS
It is concluded that a satisfactory marketable broiler chicken can be produced on a diet containing up to
60 percent copra meal. The threshold ratio of the prices of the commercial feed to those of the copra meal
diets, calculated as 1.20 for the 30 percent diet and 1.62 for the 60 percent diet, suggest that at current
prices of the commercial feed and copra meal, where readily available, enable clear conclusions regarding
the utility of using copra meal in this way. Benefits can accrue to both producers and consumers if feed
prices can be reduced or at least constrained by use of these technologies. As stated by Pandi (2005), an
inclusion level of 20-40 percent copra meal is most economically effective as it can give growth
performance that is similar to birds on pure commercial boiler feeds whereas as an inclusion level of
50-60 percent would provide a low density feed for local broiler production.
Hence it can be recommended that farmers include agro-industrial by-products such as copra meal in their
production systems, as use of such local resources helps to reduce the cost constraints currently major
problems in poultry production. The results reported here confirm those of Pandi (2005) with perfectly
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acceptable results being obtained with copra meal inclusions of 30 percent and inclusion of even up to 60
percent can be considered for lower cost production systems producing a smaller but acceptable marketed
bird at the end of a seven week production period.
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ABSTRACT
Some edible and medicinal mushroom species that have been used by the Nenga Engamb people in the
Wopkola community in past years have disappeared and are no longer seen these days. Also, the older
people who are well versed with knowledge on the utilization of these mushrooms are passing away without
imparting the knowledge to the younger generation. A survey was carried out to gather information on the
local knowledge on the utilization of edible and medicinal mushrooms. Mushroom collectors, consumers
and traders comprising of different age groups were interviewed using structured questionnaires in homes
and along roadsides. Mushroom knowledge amongst individuals was measured and evaluated using SPSS
software. The respondents according to their vernacular names listed twenty-five edible and two medicinal
mushrooms. The responses indicated that the older respondents had greater in-depth knowledge about
mushrooms than the younger respondents. According to the respondents, three edible mushrooms from the
genus Boletus spp. and one medicinal mushroom from the genus Ganoderma sp. that have used in the past
are no longer fruiting in their forests. The destruction of the forest and degradation of forest resources are
to be partly blamed for the disappearance of many of these species. Climate change could also be a
contributing factor for this decline.
Keywords: Edible mushrooms, medicinal mushrooms, local knowledge, climate change,
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1. INTRODUCTION
Fungi are important resources from the forest, which are appreciated by mankind from different cultures
around the world [1, 2]. In particular, mushrooms are found to be one of the important natural resource on
which local people of all nationalities rely heavily [3-12]. Through close interaction, experimentation and
management of mushroom, man has developed a highly extensive knowledge concerning nutritional,
hallucinogenic, toxic and medicinal qualities of mushrooms. As such, culturally useful mushrooms are
widely agreed and shared in communities [3, 5, 13]. However, in recent years, this traditional knowledge
system is slowly dying due to western influence in many societies in the world [14, 15].
On the other hand, climate change is transforming ecosystems on an extraordinary scale, at an
extraordinary pace [16, 17]. This triggers a cascade of impacts throughout the entire ecosystem that
include expansion of species into new areas, intermingling of formerly non-overlapping species, and even
species extinctions [16]. Moreover, human activities such as clearing forest for food gardens, large-scale
agricultural activities and logging activities by logging companies do cause shift or extinction in
biological species in which mushroom species are of no exception (16, 18). In other parts of the world,
the traditional knowledge system of mushroom is well documented and preserved for future generations
[3, 5, 12]. Also the impacts of climate change and human activities on the ecosystems are addressed and
monitored [16, 18].
In Papua New Guinea, the usefulness of mushrooms is also well appreciated hence a well-versed
traditional knowledge system is practiced in every culture [7]. However, the older people who are well
versed with mushroom knowledge are dying without imparting the knowledge to the younger generation,
as the younger generation could not appreciate it anymore. Currently, the information on documentation
of traditional knowledge of mushrooms is limited and poor. Before the traditional mushroom knowledge
disappears, it has to be preserved as this knowledge is the accumulation of many generations of
perceptions and it greatly contributes to conservation, species inventory and the discovery of new species
[19]. On the other hand, the impacts pose by climate change and human activities on the mushroom
population in Papua New Guinea are intense and needs to be addressed. The present study was
undertaken to document traditional mushroom knowledge as a way to safeguard it from the influence of
Western culture and to determine the impacts of climate change and human activities on mushroom
diversity in the study area.
1.1
Study Area
The study area lies in Mul District of Western Highlands Province of Papua New Guinea (Fig. 1). The
Wopkola community is about 30 min. drive from Mount Hagen city, and the Wopkola forest is 5 min.
walk from the village. It is approximately 2 square km of mini-forest, which is part of the Hagen range.
The topography consists of mostly undulated forest ranging from 600 to 1000 m [19]. The Hinbilg River
flows through the forest. The dominant soil is red-yellow in colour and sedimentary soil is found in the
lower regions.
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Figure 1: Map of the study area

Wopkola community

Study region

The forest has a tropical humid climate with wet and dry seasons. During the dry season, the maximum
mean temperature is ~27oC and the minimum average temperature is 24oC. In wet season, the maximum
mean temperature is ~20oC and minimum average temperature is 16oC. Frost is sometimes experienced
irregularly. The average rainfall varies between 2200-4000 mm per annum, expecting heavy rainfall
during November to February [20]. Due to excess amount of rainfall and sunshine in that area, the forest
type found in there is of tropical nature. The typical tropical montane forest is made up of tall trees spread
to take optimal use of sun, which is the emergent. Below the emergent are the higher canopies followed
by the lower canopies. Beneath these lower canopies, the place looks dark which is filled with life
specially adapted to take advantage of the low light conditions. The community is populated by
approximately 1000 of the reknowned Nenga Engamb people who speak the Melpa as well as Kagul
language as they live in the frontier of Mul Baiyer and Tambul Neiblyer districts. The economy of the
Nenga Engamb community is agriculture and animal husbandry.
2.0. MATERIALS AND METHODS
2.1. Pilot Studies
Prior to conducting the actual research in Wopkola community, two sets of pilot studies were conducted.
One began in December 2011 where mushroom collectors, traders and consumers were informally
interviewed [3] for the existence and uses of culturally useful mushrooms. In March 2012, second round
of pilot study was conducted for the same purpose using the same information collection techniques. The
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information obtained from the pilot studies were then used to devise appropriate questionnaires for the
actual research conducted in July 2012.
2.2. Documentation and Collection
Ethnobiological techniques such as free listing and qualitative interview questions [13] were used to
obtain information from the residents in the study area. A total of thirty-five respondents within the age of
14-80 years were interviewed in which age, gender and lineage were at most equally considered. The
questionnaires were constructed to obtain vital information such as (i) ages and sexes of the respondents,
(ii) local names of culturally important mushrooms, (iii) whether there are edible and medicinal
mushrooms found in the area, (iv) the number of edible and medicinal mushrooms if they exist in the
local forests, (v) their fruiting seasons, (vi) whether some culturally important mushrooms disappear these
days in the area, and (vii) whether there was evidence of forest degradation.
The culturally important mushrooms (Table 1) identified by the locals were collected from Wopkola
forest. Uprooting their substratum with the aid of a sharp knife collected fully matured mushrooms. Prior
to collection, photographs were taken in their natural settings. Data on cultural use, ecological parameters
such as altitude; forest type; etc. and morphological features such as colours; shapes and sizes were
recorded (Fig.3). The mushrooms were placed in zip bags and tag numbers were assigned to them. The
specimens were identified in the laboratory using the reported procedures [21; 22] and with the help of
mycologist [23].

2.3. Statistical analysis
The data obtained were coded and analysed using SPSS version 19 software program for various
statistical analyses.
3.0. RESULTS AND DISCUSSION
Table 1: Local names, scientific names and uses of wild mushrooms
S.No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Local name
Mura Kowakatep
Nonda Kalg
Kowakatep Ping
Kungurum
Kiapulga
Kungambelga Lge
Pu Molg
Nonda Pi
Mumgau
Mai Pakana
Kundul Pakana
Hunt Pakana
Kung Mik
Palga Pelg

Scientific Name
Boletus edilus
Boletus sp.
Boletus sp.
Unidentified
Boletus sp.
Boletus sp.
Unidentified
Ganoderma sp.
Paxillux sp.
Polypore sp.
Polypore sp.
Polypore sp.
Polypore sp.
Unidentified
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Cultural Use
Edible
Edible
Edible
Edible
Edible
Edible
Medicinal
Medicinal
Edible
Edible
Edible
Edible
Edible
Edible
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15
16
17
18
19
20
21
22
23
24
25
26

Lgambina
Nonda Kund
Mai Pil
Waut Pangia
Waut Pop Kundul
Pengi
Lgupiambelg
Kintkint
Erewei Angin
Ambina Pombra
Kwang Boss
Atbulg Pingamb

Lentinula edodes
Rhodocollybia sp.
Lentinula sp.
Russula sp.
Russula sp.
Ramaria sp.
Unidentified
Trametes sp.
Boletus sp.
Lepista sp.
Boletus sp.
Boletus sp.

27

Nonda Tupak

Tylopilus sp.

Edible
Edible
Edible
Edible
Edible
Edible
Edible
Edible
Edible
Edible
Edible
Edible/Poisonous
when uncooked
Edible/Poisonous
when uncooked

3.1. Mushroom Knowledge and Western Influence
3.1.1. Shrink of Edible and Medicinal Mushroom Usage
Culturally important mushrooms served the inhabitants of Wopkola in various ways. The non-cultivated
edible mushrooms were consumed mainly for its palatability and flavour [13, 24]. Most of the edible
mushrooms have very pleasant tastes that the Nenga Engambs could hardly do away with. The thickness
and high flavours in edible mushrooms substitute pork meat and satisfy the burning demand for high
proteins. This provokes the inhabitants to make regular visits to the forests for mushrooms when they
needed proteins. However, approximately 70% of the respondents (N=26) testified that the habitual
visitation is slowly reducing. Instead, regular visits are made to towns and cities these days. This
attributes to the introduction of lamb flaps and stock feed raised chicken, which are certainly the
substitutes for mushrooms. Also due to urbanisation, forest dwellers are migrating to towns and cities in
search of employment, entertainment and other pull factors hence not interested in the forest for
mushrooms any more.
Not only were the edible mushrooms important to the inhabitants of Wopkola but the medicinal
mushrooms were appreciated for traditional medicine [24 – 27]. There were certain medicinal mushrooms
in the local forests that the inhabitants benefited. Two obvious ones in Kagaul language were the Nonda
Pi (Ganoderma sp.) and Pu Molg (unidentified). If anyone was ill in Wopkola community, the inhabitants
sought these mushrooms before attempting for other alternatives.
However, an approximation of 77% (N=27) of the respondent reported that due to the availability of more
aid posts and health centres in the districts nowadays, the interest to use these mushrooms is declining. As
such, the knowledge to utilise these mushrooms for traditional medicine is also fading away as the
younger generations are unable to grasp this valuable indigenous knowledge.
The Nenga Engamb people had a bigger perception that mushrooms were meant for food and traditional
medicine. A day’s harvest of mushrooms from the forest was enough to cater for more than one family.
However, this idea of sharing and caring for others had changed since the introduction of money as a
legal tender. Those high flavoured mushrooms such as Nonda Kipulga, Nonda Kowakatap (both Mura
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and Ping) and Nonda Kalg all Boletus.spp. are no longer served for dinner but rather sold for money for
individual benefit.
3.1.2
Preparation Method
The inhabitants of Wopkola had unique ways of preparing the edible and medicinal mushrooms (13).
There were five methods of preparation for the edible mushrooms. The quickest method was when
mushrooms were placed on hot coals that took few minutes before they were ready for eating with raw
vegetables such as cabbage leaves. Mushrooms were fried with any form of oil while other species were
eaten raw. Finally, mushrooms were prepared in mumu pits with ferns. The other four methods are still in
use today but not as frequent as before.
Approximately 86% of the respondents (N=30) reported that the method of preparation with mumu pits
that was well preferred by the inhabitants for decades is rarely or no longer practised in Wopkola
community today. The reason established for this change is the availability of modern cooking utensils
such as saucepans, frying pans, gas burner, electric stoves, and so forth are making life easy hence
overshadowing the old fashioned way of using mumu pits.
The inhabitants of Wopkola engaged unique ways to prepare the medicinal mushrooms (Table 2). These
preparation methods had long been practiced and handed down from generations to generations.
Independent sample T test analysis done to compare the knowledge distribution on the preparation
protocols of medicinal mushrooms have revealed that the older respondents had greater in-depth
knowledge than the younger respondents as the significant probability was: Sig: (2-tailed) = 0.02< 0.05
However, the older informants could explain step by step and in detail the preparation protocols while the
younger informants found it difficult to explain and some even do not seemed to know anything. This is
nothing but a threat to the traditional scientific knowledge hence valuable knowledge must be
documented for future generations.
Table 2: Preparation methods of medicinal mushrooms
Local name

Type of aliment used for

Pu Molg Nonda

Sore mouth, sore throat, Boil with water
stomach ache,
Pimples, blackhead, skin Apply straight to skin
rash

Nonda Pi

Mode of preparation

Mode of
administration
Drink it hot
Rub against the
infected skin

3.1.3
Mushroom Cultivation
Mushrooms found in the local environments of the Nenga Engambs are wild and never cultivated. In the
past, the Nenga Engambs had an established perception that mushrooms could never be grown. They
believed and stood on the point that mushrooms grow by the miracles of God and no one could cultivate
or grow mushrooms. Ayodele et al. [27] who undertook a similar research specifically to document the
type and uses of edible mushrooms in Nigeria also reported that mushrooms grow by the miracles of God.
Attempts to plant mushroom failed when the young mushroom uprooted and transplanted always
decayed. However, through the study, only few (13.9%) of the younger respondents who insisted that
mushrooms could be grown (Fig.2). It was found that this group of young people have been to schools
hence have access to media such as YouTube, face book, newspaper, and so forth. As such they are more
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civilized and are aware of the technological advancements hence having fair knowledge of how
mushrooms are grown by means of mycelial growth or spawn (tissue of a desired mushroom is grown on
a sterile substrate) [28]. While the majority of the Nenga Engambs (86.1%) maintained the established
perception that mushrooms cannot be grown. This majority comprises mostly the older people between
the age ranges of 50-80. This transformation of perception is a clearer indication that there is change in
the traditional knowledge system of mushroom.
Furthermore, two informants at the age of 65 to 70 reported that there was a mushroom known as Nonda
Ambena in Kaugul language used as a poison to kill enemies. The mushroom was collected from the
forests and dried to be powdered into dust. The powdered mushroom was spread over the food prepared
for the foe and the victim died in a matter of days. Surprisingly, the majority of the younger generation in
Wopkola did not support this story or seemed to know nothing about this myth. This is certainly an
indication that the ethnomycological knowledge is slowing dying. The question is “ will this traditional
scientific knowledge still exist if these old people who are well versed with the knowledge die without
imparting the knowledge to the younger generation?’
Figure 2: Mushroom Cultivation

Possibility of Growing Mushrooms

Can mushroom be cultivated?

13.9%

Yes

No

86.1%

3.2
3.3.1

Impacts of Climate Change and Anthropogenic Activities on Mushroom Species
Irregularity of Mushroom Fruiting Season

Due to the fact that mushrooms play significant roles in the lives of Nenga Engambs culturally and
ecologically, the mushroom knowledge such as the season in which culturally important mushrooms
appear and the necessary ecological requirements in which mushrooms are found and so forth are known
by heart. Actually, mushroom season advances in early November and extends as late as January. These
months parallel the times of heavy rain and light frosts in the region thus create a favourable condition for
mushrooms to appear [12].
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However, almost all the respondents (97.1%) testified that this fixed pattern of mushroom seasons is
found to be fluctuating throughout the year. Similar phenomenon was reported by Kauserud et al., [29]
that there was considerable change in the autumnal fruiting date of mushrooms in Norway. The Nenga
Engambs claimed that this irregularity of mushroom season is the result of change in the weather patterns.
As such, the mushroom hunters are placed in a pool of uncertainty and also the interest to hunt for
mushrooms reduces. The following is a quote from one of the informants. “Nonda pina poranemba na
tolemal hekep yand yand na topa kalemp tukting mnoda na tolem manga tokem” or “ mushrooms that fruit
during Christmas period are no longer fruiting, instead they fruit in other months of the year” (John Pora).
Moreover, the abundance of mushrooms supplied by the local environments is reduced as a result of the
fluctuation in weather pattern. Some of the younger respondents (N=9) who had been to school literally
confirmed that these changes in mushroom fruiting seasons are the impacts of climate change. This
assumption is supported by a report compiled by Johnson and Francesca [16] under the National
Academic of Science in USA that climate change does affect the weather pattern.
3.3.2

Mushroom Species Vanishing

As a result of close interaction, experimentation and management of mushrooms, the Nenga Engambs
know exactly the morphological features, the ecological growth requirements and the cultural use of the
mushrooms (Fig. 3). They even comfortably and confidently predict the number of culturally important
mushroom species existing in their local forests. However,
However, about 80% of the respondents (N=28) claimed that three edible mushrooms (all Boletus spp.)
known as Erewei Mean (Eng: wife), Kungrum Kurmulga (Eng: white) and Kiapulga Kama (Eng: big) in
Kaugul language and one medicinal mushroom (Ganoderma sp.) known as Pi Pombra (Eng: black) in
Kaugul language are no longer seen in their local forests. Strangely, Erewei Mean is found in less number
in the neighbouring forests in other communities but not in the Wopkola forest. This phenomenon is in
accordance with Johnson and Francesca (16) who claimed two important types of ecological impacts of
climate change and human activities to be the shift in species’ ranges (the locations in which they can
survive and reproduce) and extinction (once a species is lost, it cannot be recovered). The respondents
reported that the local forests are continuously being cleared for food gardens. The forests also become
the source for building materials. And bush fire in the environment is not an exception to forest
degradation. The respondents also reported that one of the forests found in Wopkola has now turned into
food garden. These careless activities must have caused a shift of species to move to a location for
survival and reproduction (16, 29, 30). In this case, Erewei angin Mean is believed to have shifted to
different locations as it is found in less abundance in forests in neighbouring communities but not a
glimpse in Wopkola forest. On the other hand, the disappearance of Kungrum Kurmulga and Kiapulga
Kama might mean extinction of these species because according to the respondents, these mushrooms are
not found also in forests in the neighbouring communities. It is believed that climate change and human
activities are primarily blamed for the disappearance of these valuable mushroom species.
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Figure 3: Edible mushroom (Local Name: Nonda waut pangia. Scientific Name: Russula sp.)

FRUITING BODY: This mushroom is highly abundant in Wopkola forest. It has a pale reddish or pink
cap, rosy white stem and creamy white gills. CAP: 3-11cm broad, thin. Convex when young, depressed
or planar in age. It has a smooth surface. Margin incurved and not striate. Pale reddish to pink in age.
FLESH: White, firm, solid, chalky in texture and very brittle. GILLS: Snowy or creamy white. Close,
adnate to decurrent. Denlate margin. STALK: 4-9cm tall, 0.4-2cm thick. Central, Equal, bright white
colour throughout. Firm, solid, chalky or brittle. No veil, annulus or volva. SPORE PRINT: White.
HABITAT and SUBSTRATE: Solitary or scattered, often found in abundance in Wopkola forest.
Growing in the soil and leaf litters of the trees in the vicinity.
SEASON: The species comes on all year round as long as there is availability of moisture. Highly
abundant in November to January
CULTURAL USE: It is boiled and squeezed to make sure that water is removed. After that the
mushroom is boiled with greens, fried with oil, or cooked on ashes.
4.0. CONCLUSIONS
Mushrooms are well appreciated in terms of food and traditional medicine in Wopkola community. The
inhabitants of Wopkola have a well-defined traditional knowledge system handed down from generations
to generations. This study revealed that western influence has a greater impact on this knowledge system
and the life style of the Nenga Engamb people at large. Documenting this valuable knowledge and
highlighting the influences of western culture is of paramount importance for the good of the future
generations. On the other hand, human activities such as food gardens and bushfires destroy the very
habitat of mushrooms and are blamed for the disappearance of mushroom species. Moreover, climate
change has affected mushroom fruiting seasons resulting in the disappearance of culturally important
mushrooms as well. To date, very few or no efforts have been taken into consideration to manage and
protect the mushroom diversity. Therefore effective conservation methods and detail documentation of
culturally important mushrooms is recommended as a way to safeguard from the threatening impacts of
climate change, anthropogenic activities and western influence.
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ABSTRACT
A Cannabis detection system can be developed using essential oil characteristics of the Cannabis plant.
Cannabis contains a significant amount of odour characteristic terpene called Beta-caryophyllene (BCP),
C15H24, a hydrocarbon compound which contain volatile oil that vaporises at low boiling point. Cannabis
cultivation and trafficking has rapidly increased over the years. It is becoming a problem for law
enforcing agencies to minimise the illicit drug in Papua New Guinea. The main objective of this study
was to determine the absorption spectrum of the beta-caryophyllene and to identify the frequency at
which a detecting device would be built. The absorption spectrum of the sensimilla (female) Cannabis
samples was determined from the fresh and air dried samples collected from Ife and Ufeto villages in the
Eastern Highlands Province. The steam distillation method was utilized for the extraction of essential oil,
conducted in a Clevenger apparatus in which boiling, condensing and decantation was carried out. The
hydrocarbon content was verified using a gas detector set in which the polytec layer inside the Gastec
detector tube changes from yellow brown to blackish colour. An Absorption spectrum of sample essential
oil obtained ranges from 440 nm – 215 nm; this was established using an Ultra Violet–Visible (UV-Vis)
spectrometer model. Thin Layer Chromatography (TLC) was carried out to identify the number of
compounds found in the spectrum. The eluting solvent used were n-hexane/ethylacetate (10:1) and 2M
H2SO4 used as a spraying agent.The results obtained from this investigation are very encouraging for
further research into developing a Cannabis detector based on the frequency range 440 nm – 215 nm.
Keywords: Cannabis, beta-caryophyllene, essential oil, absorption spectrum, detector
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1.0 INTRODUCTION
Cannabis sativa L [Cannabaceæ] contains THC (Δ9-Tetrahydrocannibinol), one of the psychoactive
components that cause europhic effect when smoked. Physical and mental health consequences results from
smoking marijuana and is a hindrance to economic development of the nation. In some parts of PNG,
Trading marijuana results in illegal possession of firearms and a treat to national security. There is rapid
increase in social problems and crimes. According to International Narcotics Control Board 2012 Report
[1], abuse of Cannabis in PNG is significant and it is one of the country’s leading sources of revenue,
however illegally.
It is crucial to develop a Cannabis sensing device so that trafficking of Cannabis is minimised to some
extent in this country. Walthall LC, Daughtry CS and Pachepsky L [2] did investigation on Spectral
Discrimination of Cannabis but other plants have similar spectral reflectance and it was difficult to
identify the Cannabis. Marijuana dogs are trained to smell the drug; however, dogs have limitations and
eventually will die out. Drug tests are done but this does not stop the cultivators and traffickers. The
Dutch authorities initiated marijuana-scented “scratch-and-sniff” cards to combat illegal Cannabis
cultivation nationwide to alert citizens to what their neighbours may be up to [3]. This system will depend
on the known history and depend on individuals who are willing to report the cases. In the current study,
the odour characteristic feature of the Cannabis is investigated as a foundation stage for the development
of Cannabis detecting system. The compound known as Beta-caryophyllene (BCP), is a major component
of the characteristic odour compound which is found in the terpenes of the illicit drug and extracted
through water distillation. The optical properties of the essential oil are utilized to find the Cannabis
spectrum at which the molecular compound (C15H24) of BCP absorbs the radiation.The result established
has promising outcomes which will be utilised in future research for Cannabis detecting system.
1.1

Sampling sites

Fresh samples of Cannabis were collected from two locations, Ife village in Kainantu district and Ufeto
village in Goroka district [4] in the Eastern Highlands Province of PNG (fig.1).
Figure 1: Map of PNG (A) and map of EHP (B)
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2.0
MATERIALS AND METHODS
2.1
Sample preparation
Total of 2.43 kg of adult fresh female Cannabis clusters were collected. They were transported within 48
hours to the Environmental Research Management Centre (PNG) at the University of Technology. The
Cannabis were air dried for one day to keep moisture content out and stored in a cool and dark place for
five days to retain essential oil from vaporizing.
Dried Cannabis samples of 722 gram were collected from Lae Police Drug Squad. These were samples
discarded after court proceedings. The samples were very old and small bugs were found in them. The
samples were believed to be transported from the Highlands of PNG. Exact during of these dried samples
were unknown.
2.2
Extraction of Cannabis Essential Oil
The steam distillation method [5] was utilised for the extraction of Cannabis essential oil. The batch of
500g Cannabis samples were weighed and placed into the extracting vessel of the Clevenger distillation
apparatus followed by 5 L of distilled water. Heat was applied and it was observed that after one hour, the
first drop of essential oil was collected in the separator funnel. The distilled oil and water was allowed to
build up to a maximum level. The oil was observed to settle on the top layer while the water was seen at
the bottom layer. The water was drawn off continuously by opening the stop cock until the meniscus was
at the calibration mark. The essential oil layer was left behind to allow oil from other batches in the
extracting vessel to be added on. 4 mls of Cannabis essential oil was collected from the first batch of
fresh Cannabis and 1.0 ml was extracted from the dried samples. The cloudy extracted essential oil was
added with NaSO4 (drying agent) that removed moisture and the resulting oil was clear light yellow in
colour.
2.3
UV-Vis Spectral Absorption of the extracted Cannabis essential oil
UV-Vis spectrophotometer [6] was employed for absorption of volatile oil. Only 3 millilitres of essential
oil was placed in a 1 cm quartz cuvette and applied to the spectrophotometer model Cary 50 BIO UV-Vis.
The UV-Vis ray was allowed to pass through the sample oil and after scanning absorption spectrum was
displayed for analysis.
2.4
Verification of compounds using Thin- Layer Chromatography (TLC)
A source (spot) of Cannabis essential oil was placed at the bottom of the silica gel strip with a drawn-out
capillary tube. It was placed in a closed developing tank with the eluting solvent just below the spot;
n-hexane and ethylacetate were mixed in the ratio 10:1. After the separations, the spots were detected by
2M Hydrogen Sulphate (H2SO4) spray. The result was also observed under the UV light and about five
spots were visible on the silica gel strip.
2.5.0

Preparation of Hydrocarbon Test

The detector tube was inserted into the rubber inlet of the pump model GV-100S. The essential oil sample
was drawn from the bottle into the detector tube using the pump by pulling out the handle of the pump.
Sampling time of 30s was allowed for reaction to occur. Observation was based on the changes of colour
in the polytech indicators.
2.5.1

Background test

Background test was carried out to see if the atmospheric air in the room would have effects on the
polytech indicator layers. Both ends of the polytech tube were removed using the tube tip breaker on the
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gas sampling pump. A sampling time of 30s was allowed for atmospheric air to react at the room
temperature of 30ºC. The atmospheric air measured was 760 mmH. It was observed that background
radiation had no effect on the hydrocarbon indicator in the polytech tube.
3.0
3.1

RESULTS AND DISCUSSIONS
UV-Vis Spectral Analysis of Cannabis essential oil

The absorption spectrum of the Cannabis essential oil ranges from ~ 440nm to 215nm. The maximum
absorption on the y-axis is indicated by a cut-off mark of 10 that is a dynamic range (limits on detector
sensitivity). The sample has an absorbance of more than dynamic range of the spectrometer as observed
by the flat line. There are about nine major peaks, which are obvious on the graph.
The different compounds could not be identified due to limitation of the High Performance Liquid
Chromatography (HPLC) equipment. The solvent (reference sample) could not be provided at the time of
this research due to time factor and funding constraints. Comparison could not be done for justification
purposes.
3.2
Thin Layer Chromatography (TLC) Analysis
Five major spots were observed with several minor ones on the silica gel strip (fig.2). The spots
correspond to several major compounds indicated by the maximum peaks of the graph.
Figure 2.0 Thin-Layer chromatographic results
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3.3

Hydrocarbon Test Analysis

In figure 3, part B shows the reference polytech indicator without Cannabis essential oil. In part A, the
indicator layer turns dark black from yellow brown colour when the volatile oil is absorbed. This reveals
the presence of hydrocarbon compound.
Figure 3.0 Hydrocarbon Test Result: Part (A) Black coloured hydrocarbon compared with Part (B)
as the reference Gastec detector containing polytec layer with yellow brown indicator.

4.0

Hypothetical Cannabis Detection System

An idea of intended Cannabis Detection System is discussed here only in terms of signal aspect and not
on the type of materials that will be used for the design. Figure 4.0 shows the basic flow diagram of the
Cannabis detector system planned. It is not drawn to scale.
Figure 4.0 Basic block diagram of the Hypothetical Cannabis detector

4.1

UV-Light Source

According to Reach Devices [7] a UV beam of light is able to pass through a certain width of liquid that
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can be analyzed. The UV- light source is able to interact with the Cannabis and other gas molecules that
are flowing into the particle chamber from the outside environment. The photon frequency (f = ∆E/h) that
is equal to the frequency of the BCP will be absorbed and give rise to a wavelength equal to the center
wavelength of the filter that will be found in the bandwidth of the band pass filter system.
4.2

Bandpass filter system

According to Lacanatte [8], filters are usually employed in electronic systems to remove undesired signals
in certain frequency ranges and reject signals in other frequency ranges.
Here the band pass filter system will perform a function similar to sunglasses. It will filter out unwanted
UV radiation. From the bandwidth, the centre wavelength that matches the BCP wavelength will give a
maximum peak that will be detected by the detector.
4.3

Detector

As the UV radiation strikes the detector surface, the change in temperature will cause the current to flow.
This current will be proportional to the intensity of the radiation that will be equal to the intensity of the
BCP. If the BCP intensity is detected, then an alarm will be activated to indicate the presence of the
Cannabis.
5

CONCLUSION

The characteristic odour compound responsible for the aroma of the Cannabis is Beta-caryophyllene
(C15H24). This was determined from the literature. C15H24 was verified to be Hydrocarbon from the
changes of colour from yellow brown to dark black. The absorption spectrum of Cannabis essential oil
ranges from ~440nm-215nm. The wavelength of the BCP was not determined and compared with the
spectrum due to unavailability of the authentic samples. The absorption spectrum is promising to enhance
the development of a Cannabis detector based on its odour characteristics.
6
RECOMMENDATIONS FOR FUTURE STUDIES
For further research, the design phase of the Cannabis detecting system needs to be studied. The various
species (if there is any) should be grown in a secured place and monitored at different stages of the
growth of the Cannabis. Different fresh parts of the female Cannabis plant at each stage should be used
for extraction. Similarly, drying should be done at different time intervals and extracted separately to
compare the maximum yield. Authentic Cannabis essential oil samples can be made available for
comparison, identification and verification of hydrocarbons. Gas Chromatography and High-Performance
Liquid Chromatography (HPLC) systems are needed for better analysis. The storage of Cannabis must
always be done in a dark cool and ventilated area so that vaporisation of the essential oil will be
minimised for better yield. A better storage facility can be made available for storage.
7
LIMITATIONS
Most samples collected were adult female buds with over-ready seeds and few young buds. It was
difficult to determine the age of the samples collected. Limited time was allowed for Cannabis sample
collection by the law enforcement agency (police), which is 3 months. Therefore, the Cannabis could not
be planted and monitored at different stages. Most of the essential oil vaporised during transportation and
a large quantity of samples was discarded as micro-organisms infecting the samples due to unavailability
of the better storage facilities.
A cuvette with a smaller path length could have been employed to cover the maximum peaks for better
analysis. The sample oil could have been diluted with solvent before applying to the spectrophotometer.
Authentic hydrocarbons samples, HPLC system and gas chromatography could not be purchased from
overseas as funding was a limiting factor and not made available during the time of research.
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ABSTRACT:
Extraction and purification ofTigaso oil was performed to analyse the major chemical make – up of this oil,
thus creating a protocol pathway for the extraction of this oil. This tree oil was collected from the sapwood
of one of the Campnosperma brevipetiolata (family – Anacardiaceae) tree species growing in the Lake
Kutubu Area of the Southern Highlands Province of Papua New Guinea. Column Chromatography was
used to extract the compounds into fractions and preparative TLC was used to further isolate the organic
compounds into separate bands. In this project, four different bands were identified as band A (0.003
grams), band B (0.016 grams), band C (0.003 grams) and band D (0.142 grams) and were subjected to
HPLC purification and separation and collection of fractions corresponding to peaks produced during
HPLC. Nuclear Magnetic Resonance was performed and only one band in which carbon functional groups
and a saturated carbon – hydrogen chain group were identified. These carbonyl compounds were identified
to be from the phenyl acetate group which are known to be the major chemical compounds in the Tigaso oil
present in Band D. The compound was identified to be Ethyl phenyl acetate.

Figure showing the structure of the identified compound in Tigaso oil, Ethyl phenyl acetate.

Keywords: Tigaso oil, carbonyls, ethyl phenyl acetate, TLC, Nuclear Magnetic Resonance
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INTRODUCTION

Essential oils are the most abundant natural oils obtained from plants all over the world in a single
botanical species. Plants growing in different regions of the world produce different types of essential
oils, and they can be obtained from any part of the plant. These essential oils are aromatic, and they are
often thought of as the by – products of metabolism and bio – synthetic activities of the plants. Their
extraction, separation and isolation from their natural sources can be done in many different ways. One of
the most used and basic methods is the application of chromatography using solvents. This Research
Project involves the application and the use of chromatographic techniques when extracting, separating
and isolating organic compounds from a locally obtained essential oil sample from the Lake Kutubu area
of the Southern Highlands Province of Papua New Guinea. The oil is locally known as Tigaso oil, and it
is obtained from one of the tree in theCampnosperma brevipetiolata (Anacardiaceae) species.1 – 4
METHODS / PROCEDURES
The Tigaso oil was collected from the sapwood of the tree through tapping, dissolved in Hexane and
separated from liquid water through the use of the separating funnel. The oil was then diluted with ethyl
acetate since it was highly concentrated, and passed through a column of silica gel for column
chromatographic separation. Fractions were collected in test tubes and further subjected to Preparative
TLC for the separation of the fractions into bands. The identified bands were then scraped off from the
Prep. TLC plate and dissolved in Ethyl Acetate and were then concentrated by rotary evaporator and
prepared for HPLC. HPLC was performed on all these bands and selected and identified peaks of interest
from each band were collected, concentrated and shipped to the Hawaii University School of Pharmacy
for NMR.
RESULTS/ DISCUSSIONS
The oil was collected as thick yellowish to amber colored liquid after tapping and was dissolved in
hexane for separation, and out of this, 5.234 grams of the oil was measured and subjected to the whole
process of separation, purification and identification. The first process of column chromatography result
in 50 test tubes collected containing elution from the column chromatography. From these fractions, 4
bands were identified through Preparative TLC as the bands of interest. The bands were then scraped off
and dissolved in Ethyl Acetate, and then concentrated in preparation for HPLC. Identified peaks from
each band were selected, collected and concentrated and sent to Hawaii for NMR. All except peak 1 from
band D contained Ethyl Phenyl Acetate as the major compound.
Figure 1: Peaks produced from the 4 respective bands from HPLC.

a)

b)

c)
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Figure 2: The structure of the essential oil obtained using NMR from band D, fraction 3.

The essential oil (Tigaso oil) obtained from the tree species, Campnosperma brevipetiolata was yellow to
amber colored, and it felt sticky upon touch. The oil sample collected contained some amount of water.
Decantation using the separating funnel which is one of the physical separation process was applied to
remove the water content from the oil sample, and 6.13 grams of the sample was measured out, and
placed in a beaker, and left in a cupboard for three days. After three days, the sample was measured again,
and this time, the total mass of the sample was 5.234 grams. Using this, the processes of extraction,
separation and isolation using chromatography techniques as well as observation under UV light was
performed all throughout the project.
During column chromatography the color of the Tigaso oil sample in the column did not change as the
concentration ratio of the solvents making up the total 100 mL of the solvents is changed. The oil sample
was poured into the column on top of the silica gel dissolved in Petroleum Spirit of 40/60 boiling point
slurry. The change of the color of the oil sample did not eventuate even – though 100 % of Petroleum
Spirit making up 100 mL of the total volume was poured on top of the column. This lasted for 15 minutes
as four test tubes were filled and collected. The test tubes contained only Petroleum Spirit that was used
as mobile phase. The same result was observed as the concentration ratio was changed by reducing the
ratio of Petroleum to the ratio of Ethyl Acetate from 100 % Petroleum Spirit to 97 % Petroleum Spirit
making up the total volume of 100 mL.
As the ratio of Petroleum Spirit is reduced and the ratio of Ethyl Acetate increased to 3 %, changes to the
color of the eluents collected were noted. However, the total volume of the solvents did not change. The
color change began to change from colorless to light yellow, and to amber colored. With these
observations, ten tubes were filled and collected with this solvent composition of 3% Ethyl Acetate and
97% Petroleum Spirit. As the color of the eluents began to fade to colorless, the ratios of the solvents
were then changed with respect to each other to make up the total volume of 100 mL. With this ratio, no
color change was observed.
With that observation, the solvent composition was then changed, and this time, 5% of Ethyl Acetate and
95 % of Petroleum Spirit was used. At this ratio, colors of the eluents were noticed to have changed from
colorless to light yellow. With this solvent composition, ten test tubes were collected. The same
procedure was followed, and another ten test tubes were collected for the solvent composition of 10%
Ethyl Acetate and 90% Petroleum Spirit, another ten test tubes were collected for 15% Ethyl Acetate and
85% Petroleum Spirit, and another ten test tubes for 20% Ethyl Acetate and 80% Petroleum Spirit. A total
of 40 test tubes were used to collect eluents from the column chromatography using these two solvents as
the mobile phase.
These fractions were then subjected to TLC for observation of reactive organic compounds when viewed
under UV light. At different solvent composition of Ethyl Acetate to Petroleum Spirit in 5 different TLC
Chambers, interesting observations were made. It was observed that as the ratio of Ethyl Acetate to
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Petroleum Spirit was increased in the order of 3% to 5%, 10%, 15% and 20%, the distance of organic
compounds separated moved 1 cm from the previous solvent ratio composition of Ethyl Acetate to
Petroleum Spirit. Each spot were produced from the ten test tubes of different solvent composition used in
column chromatography when placed in different solvent composition of Ethyl Acetate to Petroleum
Spirit when running the TLC profile. Out of all these, the fractions of the column chromatography that
were subjected to the TLC solvent composition of 5% Ethyl Acetate to 95% Petroleum Spirit were
selected, isolated and prepared for further separation using Preparatory TLC and from that, will be
subjected to HPLC.
When subjected to Prep TLC, these fractions produced better separation into bands, and that resulted in 4
bands produced. This was achieved when running the fractions under the Prep TLC composition of 5%
Ethyl Acetate and 95% Petroleum Spirit. These bands were later scraped off and dissolved in 100 % Ethyl
Acetate, and prepared for concentration. After concentrating these different bands, the bands were then
subjected to High Performance Liquid Chromatography. However, before conducting the HPLC, a Prep
TLC was performed using the solvents that will be used as the mobile phase in the HPLC was done to
identify a suitable solvent composition. With that, it was identified that 2% Isopropanol and 98%
dichloromethane were the ideal composition since this composition produced the best separation in each
band. As such, this solvent composition was used in carrying out the HPLC.
CONCLUSION
In conclusion, in order to identify which major organic compounds are present in the Tigaso oil, apart
from the one that was identified in this work, it is best to use other spectroscopic techniques such as
Infrared Spectroscopy, Carbon 13 NMR, and Gas Chromatography – Mass Spectrometry.
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ABSTRACT
The Gold Ridge epithermal Au deposit is located on Guadalcanal Island, Solomon Islands. The deposit is
hosted within the Gold Ridge volcanics a member of the Toni Formation, a sequence of volcaniclastic
rudites and arenites with subsidiary pyroclastic and biogenic limestones. Mineralization occurs as
dissemination in the volcaniclastic rudites mostly in the matrix and in some clasts and also as veining.
The veins show a wide range in thickness from less than 1 mm to 12 cm and can never be traced over
distances greater than about 10 m. They also show a bewildering range in attitude from flat lying to
steeply dipping. The dominant group of near vertical veins trending NNE-SSW and dipping steeply
eastward. These veins at Gold Ridge are closely related to the pattern of jointing. The higher-grade
ores are associated with the mm to cm size carbonate-quartz-base metal veins. Gold occur as native gold
and as electrum (67-83at. %) in pyrite, sphalerite, galena, chalcopyrite and in quartz. As well as quartz
veins both calcite and dolomite veins are present. Where cross cutting is present quartz veining appears
more commonly to have formed later. Geochemical results show Zn-Pb has the best match with Au
compared with Cu, Ca, Fe, S and As.
Keywords: Gold Ridge, epithermal, Guadalcanal.
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INTRODUCTION
The Gold Ridge gold deposit was first discovered in the late 1930s. A number of exploration companies
had worked in the area in the past. Ross Mining Limited mined Valehaichichi ore-body in 1998 to June
2000 and produced about 210,000 oz Au. Even though the Gold Ridge deposit had been visited by a
number of prospecting companies over many years and was even mined by Ross Mining, there is not
much information available about its geology (lithology, structures, mineralization and alteration) apart
from unpublished company reports.
Therefore this study is conducted to address some of these issues. This paper will discuss the geology and
geochemistry of the Gold Ridge deposit based on work done on samples taken from three diamond drill
holes (DDH 154, 156 and 159) from Charivunga gorge and surface samples from Valehaichichi pit,
UpperCharivunga creek and Chovohio creek. The samples were studied using XRD and petrography and
SEM-EDX in Kyushu University.
GEOLOGICAL BACKGROUND
Corbett and Leach (1999) suggested that the Gold Ridge deposit is hosted in a diatreme within a
pull-apart basin. This study does not see much evidence to support the existence of a diatreme.
Sub-horizontal beds of pyroclastic rocks are preserved at Valehaichi pit and graded bedding are also been
observed on the drill cores from Charivunga, suggesting sedimentary origin of the pyroclastics.
The Gold Ridge deposit is hosted within the 5x3.5 km diamond shaped Gold Ridge volcanics unit that is
part of Toni Formation, a sequence of volcaniclastic rudites and arenites with subsidiary pyroclastic,
extrusives and biogenic limestones (Hackman, 1980; Walshaw, 1981). The Gold Ridge volcanics are
designated as a separate unit within the Toni Formation based on the abundance of volcanic clasts in the
volcaniclastic conglomerates and breccias. Hackman (1980) included the angularity of the casts as one
reason for the subdivision. However, Walshaw (1981) disagreed saying that the Gold Ridge volcanics are
as rounded as those of Toni conglomerates and noted a more important feature in which there is a marked
increase in bedded arenite horizons towards the Toni Conglomerates. The most abundant clast in the
volcaniclastic rudites has basaltic-andesite to andesitic composition.
The Gold Ridge deposit has four known ore bodies, namely; Valehaichichi, Namachamacha, Kuppers and
Dawson (Fig. 1).
The Gold Ridge volcanics, when fresh are hard, dark colored andesite rudities, which are well exposed in
the Charivunga headwaters, and upper parts of Chovohio. They are usually completely unsorted.
Occasional intercalated arenites show graded bedding, flame structures, load casts and occasionally ripple
marks (Walshaw, 1981).
Bedding planes are well preserved at the Valehaichi pit and graded beddings are present at the drill cores
from Charivunga gorge. Grain-size variation is extreme and particle size ranges from clay or silt up to
large boulders of 3 m in diameter.
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Figure 1. Map showing the four ore bodies at Gold Ridge.

In thin section the textures of the clasts are seen to be hypidiomorphic and porphyritic exhibited by
feldspar and pyroxene. Sometimes there are hornblende phenocrysts. The feldspars, which make up
between 40 – 50 %, are euhedral with well-developed zoningaccentuated by lines of inclusion. Colored
minerals include clinopyroxene and orthopyroxene, hornblende, magnetite, and sometimes a little biotite.
Relative proportions of hornblende and pyroxene are variable but usually pyroxene is more abundant,
with clinopyroxene in excess over orthopyroxene. Two varieties of hornblende are present; a dark brown
basaltic type heavily altered to magnetite and a green variety similarly altered. Magnetite is abundant in
some specimens in amounts up to 10 %. The groundmass is cloudy, microcrystalline and composed
principally of plagioclase, possibly accompanied by a little quartz and heavily disseminated with
magnetite dust; there is no glass.
VEINS
Thin dolomite (and or calcite)-quartz veins have been known to occur at Gold Ridge for many years. The
veins show a wide range in thickness from less than millimeter up to 12 cm and can never be traced over
distances greater than 10 m. Most are considerably less than this. They also show a bewildering range in
attitude from flat lying to steeply dipping, although there is a suggestion of a dominant group of near
vertical veins trending NNE-SSW and dipping steeply eastward. They may be open and contain euhedral
crystals, which have grown normally from the fissure walls, or they may be microcrystalline and
completely fill the channels. Some of the veins show colloform and crustiform banding. The vein
mineralogy comprises dolomite (and/or calcite) and quartz (Fig.2).
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Figure 2. A: Photograph of the hand sample (HG090528-2). B-D: Photomicrographs of the dolomite-quartz vein. B:
mostly quartz with some dolomite. C: dolomite band with minor quartz present. D: boundary of dolomite and quartz
bands.dol = dolomite;qtz = quartz.

ALTERATION
The first stages of alteration are marked by the breakdown of pyroxene and hornblende to chlorite, which
may form finely crystalline pseudomorphs. The plagioclase is partially altered to calcite at this stage but
many crystals remain unaltered. Magnetite is quite unaltered and magnetite rims of hornblende crystals
remain even after complete chloritization of the later. A common feature of these partially altered rocks is
the presence of a thin coating of microcrystalline quartz around clasts with chlorite filling inter-clast
voids. The andesite clasts become completely altered to a fine crystalline mass of sericite and chlorite
heavily disseminated with magnetite and with variable amounts of calcite. It then becomes increasingly
difficult to discern the original rock textures. Even the clastic nature of parent rock eventually becomes
indiscernible as the mineralogy changes to a finely crystalline mass of sericite and quartz with coarser,
disseminated pyrite and magnetite. It is then very porous and may become soft and plastic, or hard
(Fig.2), depending on the amount of quartz present.

Figure 3. Volcaniclastic with silicified matrix, which is more resistant to weathering than the volcanic clasts .

MINERALIZATION
Gold mineralization at Gold Ridge is structurally controlled by dominant fractures trending
north-north-east. Mineralization at Gold Ridge occurs as disseminations in the breccia matrix and some
clasts of the volcaniclastic breccias. In addition, veining and crudely stratabound mineralization has also
been noted. The higher-grade ores are associated with mm to cm size carbonate-quartz-base metal veins
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and veinlets. These veins are responsible for a few good grades even within some of the propylitic-altered
zones. Sub-horizontal veins parallel to sedimentary layers or bedding planes are also common. Some of
them carry gold. Fracturing and mineralization is divided into three stages after Corbett and Leach,(1997)
as: (1) early quartz-pyrite±adularia stage; (2) main ore stage characterized by the deposition of carbonates
and or quartz ± base metals ±Au; and (3) kaolinite-Mg/Fe carbonate±interlayered clays. However, this
study has noted that where carbonate and quartz veins occur together, quartz is latter and is in agreement
with studies done by Walshaw(1981).The higher-grade ores are associated with mm to cm size
carbonate-quartz-base metal veins and veinlets. For example, sample HG090527-7 has a grade of 22.8 g/t
Au associated with a 6-8 mm carbonate-quartz-base metal vein. Gold occur as native gold and as electrum
with high gold content (78 - 85 At.%) inclusions in galena, pyrite, sphalerite and chalcopyrite. Figure 3A,
B, C and D show gold associated with pyrite and galena. Pyrites in the host rock was dissolvedand
replaced by chalcopyrite. This reactions lead to precipitation of gold as evidenced in Figure 3B and C
where gold occur at the boundary between the host rock and the vein. The sphalerite, galena and
chalcopyrite in the vein seem to be in equilibrium with each other as there is no reaction (dissolution or
replacement) of individual grain(s) in contact with each other (Fig.3D). Figure 3E showseuhedral pyrite
within the vein enclosed by dolomite, chalcopyrite, sphalerite and galena. Figure 3F shows galena,
chalcopyrite and pyrite occurring together within the host rock. Sphalerite and galena are not so common
within the host rock at Gold Ridge. In the carbonate-quartz-sphalerite-galena-chalcopyrite vein,
sphalerite>galena>chalcopyrite. Abundance of pyrite in the veins varies.

Figure. 3. Photomicrographs of a 6-8 mm carbonate-quartz-base metal vein (HG090527-7) from drill
hole No. 156 at depth of 301.05-301.1 m. The interval 301-302 m has a grade of 22.8 g/t Au. A-B: Gold
occurs with pyrite at the boundary between the host rock and vein. C: Gold inclusions in galena and also
occur at the boundary between the host rock and the vein. D: Gold inclusion associated with pyrite and
sphalerite. E: Corroded chalcopyrite edges with euhedral pyrite within the vein. F: Sphalerite, galena,
chalcopyrite and pyrite within the host rock probably seeped out from the same fluids forming the vein.
There is evidence that the sphalerite, galena and chalcopyrite in the vein reacted with the pyrites in the
host rock causing dissolution of pyrite and replacement by chalcopyrite as shown in A and B. These
reactions leads to precipitation of gold as evidenced in A-C where gold occur at the boundary between the
host rock and the vein. py = pyrite; spl = sphalerite; gal = galena; cpy = chalcopyrite; Au = gold; dol =
dolomite.
Pre-mineralized malachite stained clasts and rock fragments present in cores from Charivunga seems to
predate the aforementioned three mineralization stages suggesting that they were mineralized somewhere
else, transported and deposited in the volcaniclastics at Gold Ridge.
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GEOCHEMISTRY
Assay results of Au, Ag, Zn, Pb, Cu, As, S, Fe and Ca of DDH 154, 156 and 159 are compared. These
elements do not show to be in perfect match with gold. However, there is relatively good correlation with
the Zn and Pb and gold as shown in Fig.4 – 6. Other elements S, Ca, Fe and Ascontents are not correlated
with Au (Fig. 7, 8, 9, 10, 11, 12).

Figure 4. Au, Ag, Zn,Pb and Cu contents for DDH154.

Figure 5. Au, Ag, Zn, Pb and Cu contents for DDH156.

Cu is not correlated with Au, since there are premineralized malachite stained clasts in the volcaniclastic
rocks. The source of these malachite stained clasts is still unknown but it seems that they were transported
from the south indicating a possible porphyry source south of Gold Ridge.
Arsenic also does not show good correlation with gold. Arsenic contents are high at Gold Ridge. The
three drill holes (DDH154, 156 and 159) studied in this research has an average arsenic grade of 71 ppm.

Figure 6.

Au, Ag, Zn, Pb and Cu content for DDH159.

Geochemical results of the core samples of the high-grade zones of the three drill holes (DDH 154, 156
and 159) are in agreement in that the Au is associated with the sphalerite, galena and chalcopyrite in
carbonate-quartz veins.
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Figure 7. Au, Ag, S, Fe and Cacontents for DDH154.

Figure 8. Au, Ag, S, Fe and Ca contents for DDH156.

Figure 9. Au, Ag, S, Fe and Ca contents for DDH 159.

Figure 10. As, Au and Ag contents for DDH154.

Figure 11. As, Au and Ag contents for DDH156.

Figure 12. As, Au and Ag contents for DDH159.
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CONCLUSION
The rocks of Gold Ridge are epiclastic volcanic sediments. There is no diatreme present at Gold Ridge.
Zn-Pb though not perfect has the best match with Au compared to other elements S, Fe, Ca, As and Cu.
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ABSTRACT
Marine actinomycetes constitute an important and potential source of novel compounds and are most prolific
producers of antibiotics in clinical use today. The aim of this study is to investigate and identify antimicrobial
activity of the marine actinomycetes isolated from marine sediments in Papua New Guinea waters. A total of fifty
actinomycetes strains were isolated from the marine sediments collected from the coral reefs of Eastern Fields and
deep waters of Schouten Island of PNG. These were initially assessed for their antibacterial activity against four
human pathogenic bacteria by cross streak method and then further screened using well diffusion assay method. Out
of fifty isolates, five strains showed significant antibacterial activity against Bacillus subtilis, Escherichia coli,
Staphylococcus aureus and Pseudomonas aeruginosa. Highly active strains were analyzed for their morphological
and biochemical characteristics for identification. The active isolates were mass cultured through standardized
fermentation process added with diaion HP-20 resin and tested for antibacterial activity through well diffusion
assay. Isolate SL1-DDL003 showed significant activity with zone of inhibition (mm) ≥14, ≥15.3 and ≥22 against B.
subtilis, E. coli and P. aeruginosa respectively. This isolate was further purified using Hp-20 fractionation and
screened through antibacterial well diffusion method. Fractions FW, F1 and F2 from isolate SL1-DDL003 showed
significant activities against B. subtilis, E. coli, S. aureus and P. aeruginosa. It has been clearly demonstrated that
marine actinomycetes isolate SL1-DDL003 possess significant antimicrobial activity that can be isolated for
chemical identification. Further testing of these active isolates with different assays including the identification of
PKS and NRPS DNA gene clusters is planned.

Keywords: Marine actinomycetes, antimicrobial activity, Papua New Guinea
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INTRODUCTION
The surface of the earth is covered by 70% of ocean and most of the life formed on earth was originated
from there. It is an environment that differs considerably in chemical and physical properties and is host
to a diverse marine plants and animals that are competing to survive as well as existing in a symbiotic
manner [1]. Marine microorganisms make up a good percentage of living organisms in the marine
environment. Studies have shown that approximately 102 fungi, 103 bacteria and 107 viruses exist in a
single milliliter of seawater [1]. There are numerous distinctive characteristics found in these marine
microorganisms that make them a rich source of structurally unique natural products. Marine microbes
are capable of adapting in extremes environments, not only in the surface seawaters but also abyssal
depths and specialized niches from coral reefs to hot thermal vents at sea floor [2].
Marine Microorganism Biodiversity
Marine microorganisms cover an extensive and diverse assemblage of organisms ranging from fungi,
protists, viruses and bacteria that exhibit widely different morphological and physiological characteristics
from their terrestrial counterparts. The evolving of marine microorganisms on earth, for at least 10 9
years has made conditions on planet earth habitable for other species [2]. Study of marine
microorganisms is an area of importance in research of new and known recalcitrant compounds in drug
discovery research. In addition, researching microbial biodiversity will contribute to isolation and
discovery of potentially novel compounds [3].
Among these microorganisms actinomycetes and fungi are the most successful candidates in the hunt for
drug discovery over the last two decades [4]. Studies have shown that traditionally actinomycetes are the
most prolific group in antibiotic production as well as a number in marketed antibiotics [5]. The second is
fungi, which has also been known for its rich source of antibiotic activities. The traditional approaches
over the decades, focusing mostly on the screening of huge number of strains have been exhausted and
proven to be inefficient for delivery of novel compounds. On the other hand demand for new molecules
as source of novel compounds and the increasing rate of re-isolation of known microbes have led to the
development of new the approaches in natural product drug discovery [5-6]. These approaches have
improved the possibilities for finding new chemical entities aimed at developing new drug candidates
[1,5].
Specific environmental conditions are factors to consider in the search for microbial assemblage species
of interest in drug discovery. These biogeographic patterns have established microenvironment conditions
conducive for production of novel compounds. Findings show that genetically distinct strains of
actinomycetes have not yet been cultured in laboratory conditions [6]. Many of these new species are
described to be sources of novel chemistry with potential new activities. Hence it is important that new
group of actinomycetes from these unexplored and undisturbed habitats be pursued as sources of novel
bioactive secondary metabolites [7].
MATERIALS AND METHODS
Collection and Isolation of Actinomycetes from PNG marine sediments
Sandy texture mostly grayish white and blackish brown sediments were collected from the near shores of
Eastern fields’ coral reef using a sterile 50ml plastic funnel tubes at the depth of 28-33 meters using scuba
diving technique. The samples were then stored at 4oC on the boat.
On arrival to the laboratory, the sediments were taken out from the fridge and left on the bench to thaw
and then shaken vigorously using hand to ensure uniformity and then allowed to settle. The overlaying
water was poured into a new funnel tube for pH measurement. Marine sediments were diluted with
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sterilized seawater and incubated at 60oC for 10 minutes. The other half dilution from the same mixture
was vortexed for 60 seconds and placed on the shaker for an hour at 25 rpm. Then the sediments were
spread onto prepared agar plates (see below). The agars were prepared with nystatin and cycloheximide.
Some were place on the cellulose paper, which was placed over the agar. Sediments samples collected at
Motupore Island at the same depth were heat treated and plated onto the prepared media.
The Medias namely; Mueller Hinton Agar (MHA), Nutrient Agar (NA), Actinomycetes Isolation Agar
(AIA) and Potato Dextrose Agar (PDA) were prepared for this isolation of actinomycetes. Plates were
then incubated at 28oC to 31oC for 7-40 days. Potential actinomycetes colonies, identified by
morphological characteristics and gram staining were performed.
The identified actinomycetes were continually transferred to fresh agar plates until pure colonies were
obtained. The pure actinomycetes colonies were tested against the four bacterial pathogens we have in the
laboratory.
After the crude antibacterial assay, the isolates were cultured in slant agar prepared in 20ml vials and
stored with 50% distilled water, 50% glycerol and stored in 4oC and -20oC.
Isolation Media
All the Medias were prepared with distilled water as per media instruction manual. The following
selective media were used; Mueller Hinton Agar (MHA), Nutrient Agar (NA), Actinomycetes Isolation
Agar (AIA) and Potato Dextrose Agar (PDA). The initial media plates were added with 0.1g
cycloheximide, 0.1g nystatin and 0.1g of chloramphenical separately. Most of the media were
supplemented with selective antibiotics in order to suppress the fungi and fast growing Gram-negative
bacteria or unicellular bacteria.
Primary screening using Cross Streak Technique
Primary screening of the isolates were done by perpendicular cross streak methods. Observations of test
organisms’ growth were monitored for 48 hours. No growth after 48 hours adjacent to the streaking of
actinomycetes indicates positive antimicrobial activity of the isolates.
Marine actinomycetes isolates that showed antibacterial activities during the screening were selected and
cultured on different culture media; MHB, NB and AB.
Broth Culture Marine Actinomycetes
Isolates displaying strong or interesting bioassay activity in the crude extracts were then cultured in large
scale. These were then cultured in the broths; Mueller Hinton Broth (MHB), Nutrient Broth (NB),
Actinomycetes broth (AB) and Potato Dextrose Broth (PDB). The broth media were prepared as per
instructed by the manufacturer instructions.
Extraction of Secondary Metabolites from pure isolates
Each isolate was cultured in 2000 ml flask at room temperature and shaken at 150-200 rpm for ten days.
Each of the broth cultures in flasks that contained the selected isolates were then added with methanol
solvent and Hp 20 resin daions. Prior to the extraction, the adsorbent resin were soaked and swelled in
100% (v/v) methanol for 12 hours. The resin was washed then sterilized at 121 oC for 20 minutes, then
added onto the broth culture in the flask. The mixture was set aside for 4 hours at room temperature, and
then filtered with whatman filter paper 125mm. The resin was then washed exhaustively with sterile distil
water. The absorbent resin was collected and added with methanol solvent for 3 hours. After the
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immersion with methanol the resin was filter removed, then the filtrate was dried using the rotary
evaporator at temperature 40oC. The dried crude methanol extracts were kept at 4oC for further usage.
Antimicrobial Activity/ Antibiotic Susceptibility Test
The antimicrobial activities of these extracts were tested against four pathogenic microorganisms;
Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853, Basilus subtilis ATCC
6633 and Escherichia coli ATCC 25922. The sensitivity tests procedure applied were in accordance
with those prescribed by Grammer [8]. The zone of inhibitions were measured after 18-24 hours of
inhibition and recorded.
Thirty crude extracts were subjected to the antibiotic susceptibility testing. 20mg of dried crude methanol
extracts were weighed and dissolved in 800µl of 100% dimethyl sulfoxid (DMSO). The extract was
further diluted to the concentration of 25µg/µl, 12.5µg/µl and 5µg/µl respectively. The antibiotic
susceptibility testing was carried out based on the well diffusion method [8].
Agar Well Diffusion Methods
In this study the type of antibacterial assay employed was agar well diffusion susceptibility test. Muller
Hinton Agar (MHA) is the recommended base media for carrying out antimicrobial susceptibility tests
[8-9]. After preparing the MHA, a number of wells with 6mm in diameter were drug aseptically. Prior to
placing concentrated crude extracts into the agar wells a standard test bacterial suspension containing 10 6
colony-forming units (CFU) were prepared and seeded onto the surface of the agar used.
Morphology observation (gram staining)
Morphological characters of selected strains of actinomycetes were studied by inoculation on mentioned
agar plates and incubated at 28oC to 30oC for 7 days. The media were prepared according to the manual.
The selected strains grown on the new selected media plates were further cultured for 7 days. The
morphology of the actinomycetes isolates were observed under the microscope.
HP-20 fractionation
A matrix of HP-20 daions and active crude fungal extract were obtained by initially adding 5% (5g/100)
of sterile Hp20 diaion to the 2L supernatant of cultured broth. The supernatant of the culture broth was
collected after centrifugation at 400 rpm for 10 minutes at 4oC. With the aid of a sterile magnetic stirrer,
supernatant and sterile HP-20 diaion resins were mixed at 150rpm for 4hours. The HP-20 diaion resin acts
as an adsorbent of secondary metabolites. Afterwards, the mixture was centrifuged at 4000rpm for 10
minutes at 4oC and dried down to obtain the resin with secondary metabolites. The dried matrix of HP-20
resin and secondary metabolites were loaded into a column and subsequently eluted with solvent systems
comprising methanol, isopropyl alcohol (IPA) and sterile double distilled water produced five (5)
fraction; F1 (100% H2O), F2 (75% H2O and 25%IPA), F3(50% H2O and 50% IPA), F4(25% of H2O and
75% of IPA), F5(100% methanol).
Subculture screening
The five isolates that show antibacterial activity were coded as SL1-DDL0031, SL1-DDL0032,
SL1-DDL0033, SL1-DDL0034 and SL1-DDL0035 were cultured using cross streak methods.
Characterization and Gram staining of Pure Active Actinomycetes Isolates
Gram staining was carried out for pure active actinomycetes isolates cultured on actinomycetes isolation
agar (AIA). The descriptions of isolates were characterized according to their morphologies; forms, color,
margins elevation of bacterial colonies. The cell shapes arrangements were observed under the light
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microscope and recorded. The identification of the pure active isolates was based on manual of
antimicrobial susceptibility testing [9].
RESULTS
Marine sediments collected along the southern coast of PNG were cultured and selected as potential
source of antibiotic marine actinomycetes. Pre-heat treatment was applied, cross streak agar method and
well diffusion methods were performed to select the possible bioactive marine actinomycetes.
Table 1: Preliminary results for 30 actinomycetes isolates that showed some antibacterial activity
Preliminary Screening of actinomycetes for antibacterial activity using cross-streak method
Number
Isolates ID
Active/Non-active Pathogens
Zone of Inhibition
1
BB21C01M
+
B.s , S.a,
±10, ±8
2

RD1C01N

+

S.a, P.a, E.c,

±12, ±20, ±7

3

BBD3C01N

+

P.a,

±12

4

BB1D2C03N

+

S.a, P.a,

±24, ±15

5

BB1D1C01M

+

P.a,

±20

6

EFD1C01M

+

S.a,

±12

7

BB1D1C01N

+

P.a,

±28

8

RD1C01M

+

S.a, E.c,

±18, ±5

9

EFD2C01M

+

S.a, P.a,

±15, ±20

10

EFD1C01N

+

P.a,

11

BB2D3C02M

+

P.a, S.a, B.s,

±20, ±21, ±5

12

BB2D3C03N

+

P.a, S.a, B.s,

±23, ±15, ±7

13

EFD2C01N

+

P.a,

±18

14

BB1D2C01M

+

P.a,

±15

15

BB1D2C01N

+

S.a, P.a, B.s, E.c ±10, ±17, ±8, ±16

16

BB21C01M

+

B.s , S.a,

±10, ±8

17

RD1C01N

+

S.a, P.a, E.c,

±12, ±20, ±7

18

BBD3C01N

+

P.a,

±12

19

BB1D2C03N

+

S.a, P.a,

±24, ±15

20

BB1D1C01M

+

P.a,

±20

21

EFD1C01M

+

S.a,

±12

22

BB1D1C01N

+

P.a,

±28

23

RD1C01M

+

S.a, E.c,

±18, ±5

24

EFD2C01M

+

S.a, P.a,

±15, ±20

25

EFD1C01N

+

P.a,

26

BB2D3C02M

+

P.a, S.a, B.s,

±20, ±21, ±5

27

BB2D3C03N

+

P.a, S.a, B.s,

±23, ±15, ±7
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28

EFD2C01N

+

P.a,

±18

29

BB1D2C01M

+

P.a,

±15

30

BB1D2C01N

+

S.a, P.a, B.s, E.c ±10, ±17, ±8, ±16

+ show good inhibition; - show no inhibition. NB: No antibiotic standards were used to for this
preliminary qualitative study as it was used to select only those showing potential antibiotic activity for
further testing
Table 2: Preliminary screening of crude methanol extract of isolate SL1-DDL003
Bacterial
Pathogens

E. coli
B. subtilis
P. aeruginosa
S. aureus

Inhibition Zone (mm)
Different concentrations for the Different concentrations for the crude
Standard antibiotics Ciprofloxacin
extract isolate SL1-DDL003
0.25
0.05
0.025 µg/µl
25 µg/µl
12.5 µg/µl 5µg/µl
µg/µl
µg/µl
27.67
19.33
16
15.67
12.33
12
26
23.67
17.33
0
8.33
7.67
24.67
19
16.67
22
12.33
12
30.33
23.67
20
NA
NA
NA

Table 3: Preliminary screening of crude ethyl acetate extract of isolate SL1-DDL0034
Bacterial
Pathogens

E. coli
B. subtilis
P. aeruginosa
S. aureus

Inhibition Zone (mm)
Different concentrations for the Different concentrations for the crude
Standard antibiotics Ciprofloxacin
extract isolate (SL1-DDL0034)
0.25 µg/µl 0.05 µg/µl 0.025 µg/µl
25 µg/µl
12.5 µg/µl 5µg/µl
28.67
21
16.67
11.33
13.33
NA
28
22
17.33
NA
NA
NA
34.33
28.67
22.33
NA
NA
NA
30
24.67
20.67
NA
NA
NA

Table 4: Antibacterial activity of HP20 fraction (water) of crude extract SL1-DDL003
Bacterial
Pathogens

E. coli
B. subtilis
P. aeruginosa
S. aureus

Inhibition Zone (mm)
Different concentrations for the Different concentrations for the crude
Standard antibiotics Ciprofloxacin
extract isolate (SL1-DDL003-FW)
0.25 µg/µl 0.05 µg/µl 0.025 µg/µl
25 µg/µl
12.5 µg/µl 5µg/µl
22.67
15.33
10
5
2.67
NA
18.33
15.67
10
13
9.33
7.33
14.33
20
15
NA
NA
NA
22.67
15
10
NA
NA
NA

Table 5: Antibacterial activity of HP20 fraction (3:1-H2O:IPA) of crude extract SL1-DDL003
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Bacterial
Pathogens

E. coli
B. subtilis
P. aeruginosa
S. aureus

Inhibition Zone (mm)
Different concentrations for the Different concentrations for the crude
Standard antibiotics Ciprofloxacin
extract isolates (SL1-DDL003-F1)
0.25 µg/µl 0.05 µg/µl 0.025 µg/µl
25 µg/µl
12.5 µg/µl 5µg/µl
17
15
9.33
NA
NA
NA
19.33
15.33
9.33
9.33
10
7.33
22
13.67
10.67
19
11
NA
21.67
15.33
9.67
NA
NA
NA

Table 6: Antibacterial activity of HP20 fraction (1:1-H20:IPA) of crude extract SL1-DDL003
Bacterial
Pathogens

E. coli
B. subtilis
P. aeruginosa
S. aureus

Inhibition Zone (mm)
Different concentrations for the Different concentrations for the crude
Standard antibiotics Ciprofloxacin
extract isolates (SL1-DDL003-F2)
0.25 µg/µl 0.05 µg/µl 0.025 µg/µl
25 µg/µl
12.5 µg/µl 5µg/µl
19.67
15.67
12
15.67
12.33
12.33
25
15
15.33
8
7
2.67
32.33
22.33
16.33
NA
NA
NA
25.67
16.67
15.67
NA
NA
NA

DISCUSSION
The present study aimed to isolate marine actinomycetes from Papua New Guinea marine environment
and screen them for the production of secondary metabolites. There have been very few studies done on
marine actinomycetes over the past decades that show the limitation of information in this area of
microbial studies [1,5]. In addition, not much information is available on the marine actinomycetes
research on marine sediments from around PNG waters.
In this study actinomycetes were isolated from marine sediments by heat pretreatment method and serial
dilution plate on agar [8-13]. It was observed from the primary screening that the marine actinomycetes
isolates showed good antimicrobial activity against the four test bacterial pathogens, P. aeruginosa, B.
subtilis, E. coli and S. aureus.
A total of 50 actinomycetes were isolated from the marine sediments crude culture and from our primary
screening 30 isolates showed colonies with zone of inhibition using agar streak method 24 (Table 1). The
30 isolated actinomycetes were then screened for antimicrobial activity against four bacterial pathogens
using antibacterial well diffusion method, from that antibacterial testing, five isolates showed
antimicrobial activity. However, SL1-DDL003 showed a good spectrum with highest scores and its
antimicrobial efficacy. The two active isolates selected were; SL1-DDL003 and SL1-DDL0034 (Table 2
and 3) were then further tested and fractionated through Hp20 fractionation.
The results from the well diffusion antibacterial assay obtained reveal antibacterial activity from that two
investigated isolates that were tested against human pathogenic bacteria. The extraction of the active
substance; SL1-DDL003 was carried out by methanol and the active substance SL1-DDL0034 was
subjected through ethyl acetate, the zone of inhibition were measured with a ruler. The highest activity
was showed by the strains; SL1-DDL003 and SL1-DDL0034. Antibacterial assay carried out showed that
isolate SL1-DDL003 was active against E. coli, B. subtilis and P. aeruginosa with the zone of inhibition
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8-16 mm that were comparable to the zone of inhibition of 16 mm showed by the standard antibiotic
ciprofloxacin. The metabolites extracted by the ethyl acetate were less effective that gave a zone of
inhibition of 11-13 mm against E. coli while the zone of inhibition of standard antibiotics ciprofloxacin
showed a 17mm for the concentration of 0.025 µg/µl.
The isolate SL1-DDL003 was further fractionated and tested. Three fractions were acquired through the
use of HP-20 column fractionation; Fraction 1 (water), Fraction 2 (3:1 – water:IPA), and Fraction 3 (1:1 –
water:IPA). These fractions showed a wide range of inhibition zones against the test bacterial pathogens
(Table 4, 5 &6).
CONCLUSION
The population of actinomycetes collected from the marine sediments in the Southern sea of Papua New
Guinea indicates that it is a rich source and can be used as a lead for the discovery of novel secondary
metabolites. Further work is planned to chemically identify the isolates via a series of chromatography
and spectroscopic analysis. The isolates will be tested for other bioactivity including cytotoxicity,
anti-malaria, anti-TB and other anti-HIV activities.
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Nematicidal activity of crude sap from four medicinal plants against the
root-knot nematode, Meloidogyne incognita under laboratory and greenhouse
conditions
Christine Terimᶦ and Macquin Maino
Department of Agriculture, PNG University of Technology
PMB Lae 411, Papua New Guinea
Phone: 473 4451
ABSTRACT
There is an increasing interest worldwide in the use of biological control for agricultural insect pests and
disease-causing agents. Crude sap extracts from four common plant species found in Papua New Guinea
(PNG) with medicinal properties, namely Acalypha wilkensiana, Ageratum conyzoides, Capsicum
frutescens and Euphorbia hirta, were tested against Meloidogyne incognita, an important plant-parasitic
nematode. Crude concentration ratios of 1:10, 1:6.7, 1:5 and 1:4 (w/v) were used in the laboratory tests
and mortality and suppressed hatching for juvenile stage (J2) nematodes and egg hatchability was
observed for all concentrations at 24 h after application. In the greenhouse experiments, a crude extract
ratio of 2:5 (w/v) from E. hirta and C. frutescens significantly reduced the number of root galls and egg
masses per root system on the roots of Lycopersicon esculentum (tomato). These results provide the basis
for further tests under field conditions where the medicinal plant species can be applied as soil
amendments for the control of M. incognita. When conclusive field results have been obtained,
bio-product of the most effective plant species can be recommended to farmers as a biological control
agent for M. incognita.

Keywords: Biological control, medicinal properties, M. incognita,
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INTRODUCTION
The root-knot nematode Meloidogyne species are important plant parasites causing high yield losses to
susceptible crops of many plant species (Sasser and Carter, 1985) and also affects quality of the produce
(Agrios, 1997). The four major species that occur throughout the world are M. incognita, M. javanica, M.
arenaria and M. hapla (Maurice et al., 2009) of which M. incognita is reported as the most dominant and
prevalent species attacking almost all crops of agricultural importance (Lamberti and Taylor, 1979;
Mitkowski and Abawi, 2003). Infected plants show typical symptoms including root galling, stunting and
nutrient deficiency, particularly nitrogen deficiency (Wiratno et al, 2009). Production of many crops of
significant value has been affected by the presence of Meloidogyne species with worldwide crop loss
estimated at 12-14% (Agrios, 1997; Mitkowski and Abawi, 2003). In Papua New Guinea (PNG),
Meloidogyne infestation of 10-15% was reported in sweet potato gardens in the Highlands of PNG, with
M. incognita and M. javanica as the dominant species (Bridge and Page, 1988). Studies on yield losses
due to Meloidogyne are not conclusive.
Controlling plant-parasitic nematodes still remained a challenge. Several ways to manage and control
these nematodes have been used which includes chemicals, cultural methods like use of resistance
cultivars and crop rotation, and biological control methods. The use of chemicals has been deemed
expensive as well as hazardous to the environment and mammals (including both humans and animals)
(Hoseinpoor and Kargar, 2012; Brown and Kerry, 1987). Cultural practice was recommended as useful
and cost-effective means of reducing nematode damage. However nematode infestations have not been
eliminated as they can remain in the soil for longer period without host crops and most species can feed
on a wide range of weed species (Stirling, 1991; DAFF, 2012).
Previous and recent studies have identified botanicals with nematicidal activities which have been used
effectively as soil amendments, plant extracts and compost in controlling the root-knot nematode disease
in the laboratory, green house and on the field (Olabiyi et al, 2008; Wiratno et al., 2009; Khan and Haque,
2011). Plants with nematicide properties can be used as bio-control agents and these have been found to
be economical and eco-friendly, biodegradable, toxicity selective to target pest, safe to non-target
organisms and environment and are renewable in nature (Saravanapriya and Sivakumar, 2005). Plant
species such as marigold, Tagetes species Acalypha wilkesiana, Ageratum conyzoides, Capsicum
frutescens and Euphorbia hirta have been found to have anti-nematode properties (Upadhyay et al., 2003;
WHO, 2009; Osei et al., 2011; Awe et al., 2013). These plant species are commonly found throughout
PNG. Crude extracts are easy to prepare by farmers and have a suppressive effect on plant-parasitic
nematodes (Hoseinpoor and Kargar 2012). Noisopa et al (2010) has stretched the beneficial aspects of
crude plant extracts, that currently they play an important role in the promotion of self-sufficiency
agriculture due to their low cost, reduced impact on soils and moderate chemical input.
The primary aim of this study is to identify the indigenous medicinal plants found in Papua New Guinea
(PNG) to be used as means of controlling M. incognita in the form of extracts. The efficacy of the crude
extracts from Acalypha wilkensiana, Ageratum conyzoides, Capsicum frutescens and Euphorbia hirta
were tested against juveniles and eggs of M. incognita under laboratory condition. Suppressive effects of
the sap extracts were also investigated on root-gall formation on tomato (L. esculentum) inoculated with
M. incognita under green house conditions.
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MATERIALS AND METHODS
Laboratory test
Location of experiment
This study was conducted in 2012 at the Papua New Guinea University of Technology (PNG UniTech),
Taraka Campus, Lae, Morobe Province. Laboratory tests were done in the Applied Entomology
laboratory in the UniTech Biotechnology Centre (UBC) while the greenhouse tests were conducted in the
greenhouse of the Department of Agriculture at UniTech.
‘Bio-trapping’ of Meloidogyne species and identification of M. incognita. Nematodes were baited from
heavily infested soil using the susceptible tomato variety Beef steak in the green house. Seedlings were
raised for 30 to 60 days before the galled roots were uprooted and M. incognita was identified on the
basis of perennial pattern morphology described by Taylor and Netscher (1974).
Identification of M. incognita using DNA-based PCR technique. M. incognita identified using the
perennial pattern was further subject to molecular identification using DNA-based PCR technique
outlined by Zijlstra et al., (2000) and Dong et al., (2001). DNA from nematodes was isolated according to
procedures described by Powers and Harris (1993). The lysate was subject to PCR for DNA
amplification, and the product was further screened using Gel Electrophoresis (1% agarose gel stained
with ethidium bromide) and viewed under UV light.
PCR amplification was carried out in a total reaction volume of 25 µl containing 5 µL of DNA template
(lysate), 2.5 µl 10x Kapa Taq buffer with dye and Mg2+ (Geneworks), 0.5 µl 10 mM dNTPs, 0.6 µl 10 µM
Finc/Rinc primers, 0.5 µl 5 U/µl of Taq DNA polymerase (Geneworks), and nuclease-free water was
added to final reaction volume. The PCR thermo-cycler was programmed with an initial denaturation at
94oC for 2 min followed by 35 cycles of 94oC for 30s, 54°C for 30s and 72oC for 1 min. The reaction was
terminated with 1 cycle at 72oC for 5 min.
Table 1: Nucleotide sequences of Meloidogyne species-specific primers and expected sizes of their
typical amplified DNA bands.
Primer name
Primer sequence (5'-3')
Size of DNA (bps)
(1)
Finc
ctctgcccAATGAGCTGTCC
1200
Rinc
ctctgcccTCACATTAAG
Mi-F(2)
TAGGCAGTAGGTTGTCGGG
1350
Mi-R
CAGATATCTCTGCATTGGTGC
(1)
SCAR-PCR primers developed by Zijlstra et al. (2000)
(2)
Species-specific primers developed by Dong et al. (2001)

Specificity
M. incognita
M. incognita

This provides the source of inoculum for both laboratory and green house tests. Inocula were maintained
on susceptible tomato in the greenhouse for use in the tests.
Preparation of plant extracts. Fresh leaves of A. wilkensiana, A. conyzoides, C. frutescens and E. hirta
are collected and prepared first by washing them under running tap water to remove dust or any foreign
particle. The leaves were weighed and grinded in water separately using pestle and mortar and crude
extracts were then filtered using Whatman’s Filter paper No. 1 for preparation of different concentration
ratios of 1:10, 1:6.7, 1:5 and 1:4 (w/v) respectively.
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Test of extracts on M. incognita. About 10 eggs of M. incognita were counted and transferred to the
petri dish and 5 ml of extracts from different concentrations were added. Mean eggs hatching were
counted at the interval of 24, 48 and 72 hrs.
In another similar setup, 10 freely hatched second stage juveniles (J2) were transferred to the petri dish
and then 5 ml of the extracts were added. Larval mortality was counted at the interval of 24, 48 and 72
hours (Joymati, 2009).
The experiment was arranged using Complete Randomized Design (CRD), having six (6) treatments,
including positive control (Chlorpyrifos) and negative control (water), and three (3) replicates.
Data collection and analysis.
Discrete data was collected based on the hatching ability of the eggs and the mortality of the larvae. These
data were normalized using natural logarithm, log10 (x + 1) and then analyzed through one-way ANOVA
analysis (STATISTIX version 8) to show significant effect among the bio-extracts.
Greenhouse test
Planting material and Inoculation. Seedlings from the tomato variety, beefsteak, were allowed to grow
on heat-sterilized soil in seed nursery for three weeks. Polystyrene pots were filled with about 2 kg of
heat-sterilized loamy soil. The seedlings were transplanted 21 days after sowing (DAS).
The transplanted tomato plants were allowed to grow for one week prior to inoculation with M. incognita.
IJs as inoculums were obtained from egg masses on roots of tomato maintained in the greenhouse. The
eggs were hatched overnight and then counted using a graduated nematode counting glass slide under a
dissecting microscope at 40x magnification. The total population of IJs was determined and the plants
were inoculated at the rate of 5000 IJs per plant. Application was done by pouring the inoculums in holes
made around the base of the plants. The inoculums were allowed to establish and develop for one week
before addition of the treatments (crude sap extracts, chlorpyrifos and water).
Extracts from selected medicinal plants. Using the same method outlined for the laboratory test, fresh
crude extracts were used, with the increase concentration ratio of 2:5 (w/v). The crude extracts were
poured in rings 5 cm away from the base of the tomato, and applied on a two (2) week basis for seven (7)
weeks before the tomato was uprooted and assessed. Chlorpyrifos was tested at the rate of 105ml/100L
(1.05%v/v dilution).
The pots were arranged using CRD, having six (6) treatments, including positive control (Chlorpyrifos)
and negative control (water) with three (3) replicates.
Data collection and analysis. Presence of galls were examined and counted per root system. Root gall
severity was assessed on 0-5 scale rating in which 0=0, 1=1-2, 2=3-10, 4=31-100 and 5=>100 galls. The
number of egg masses was also counted and determined using the same scale (Hartman and Sasser,
1985). Also, 250 cm3 of soil from each treatment were use for extraction of J2 using a modified
Baermans’ tray method to extract the IJs (Barker, 1985) and determine its population. Data were
normalized using natural logarithm, log10 (x+1) and later analyzed using one-way ANOVA analysis
(STASTITX version 8) to show significant effects among the crude extracts.
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RESULTS
Preparation of cuticles from female nematodes obtained from the roots of beefsteak revealed distinct
perineal pattern morphology of M. incognita (Fig. 1). DNA extracted from IJs that linked to female
nematodes that showed this perineal pattern was amplified in PCR assays for molecular identification.
Result revealed expected DNA products for M. incognita (Fig. 2) at 1.2 kbps using SCAR primers and
1.35 kbps using species-specific primer pairs. Lanes 1 and 2 juvenile populations were excluded due to
the heterozygous status of the population. Juvenile population identified from lanes 5 and 6 were
maintained on roots of susceptible tomato and used in the laboratory and greenhouse experiments.

Figure 1: Micrograph of perineal pattern of M. incognita (400x).

Figure 2: PCR products. Lane identities: M is Biorad DNA marker; C is negative control; 1-4 are
extracts amplified using SCAR primers (1200 bps); 5-6 are extracts amplified using species-specific
primers (1350 bps).
Laboratory tests on mortality of IJs
Data in Table 1 indicate the effects of crude extracts from A. wilkesiana, A. conyzoides, C. frutescens and
E. hirta compared with water and chlorpyrifos, on the mortality of J2 of M. incognita over a period of 72
h exposure.
100 % larval mortality was caused by crude saps of all test plants at 1:4 extract ratios in 24 h and the
results were comparable with synthetic chemical chlorpyrifos. For all test plants, over 50% mortality was
recorded from all extraction ratios at 24 h exposure time and 100% mortality at 72 exposure time. M.
incognita juvenile mortality increased with an increase in test plant extracts ratios and exposure time. At
72 h exposure no mortality was observed in populations that had not received sap treatment (Table 1).
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Table 1: Effect of crude extracts on mortality of J2 of M. incognita.
Treatments
Concentratio Av
n (%)
era
ge
mo
rta
lit
y
of
J2
fro
m
po
pul
ati
on
of
10
juv
eni
les
24 h
48 h
72 h
Total % reduction compared
to control
A. wilkesiana
25
10
10
10
30
100.00
20
9
10
10
29
96.67
15
6
8
10
24
80.00
10
6
8
9
23
76.67
A. conyzoides

C. frutescens

E. hirta

Water
Chlorpyrifos

25
20
15
10

10
9
7
6

10
10

25
20
15
10

10
10
8
6

10
10

25
20
15
10

10
10
8
7

10
10
10

1.05

0
10

10
10
10

9
8

30
29
26
23

100.00
96.67
86.67
76.67

10
10
10
10

30
30
27
24

100.00
100.00
90.00
80.00

10
10
10
10

30
30
28
26

100.00
100.00
93.33
86.67

9

9
8

9
0

0

10

10
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0
30

0.00
100.00
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Laboratory tests on hatchability of eggs
Results in Table 2 showed the suppressive potential of crude saps from test plants on the eggs of M.
incognita. The crude extracts from all plants tested as well as chlorpyrifos effectively suppressed the eggs
from hatching. Some eggs did hatch when exposed to the lowest sap extract ratio (10%) from A.
conyzoides, C. frutescens and E. hirta but hatchability was below 50% (ranged from 10-40%). At 72 h
exposure time, 90% of eggs were recorded to have hatched in egg populations treated with water (control)
alone.
Table 2: Effect of crude extracts on hatchability of M. incognita eggs.
Treatments
Concentrati Av
on (%)
era
ge
nu
mb
er
of
J2
that
hat
che
d
fro
m
10
egg
s
24 hrs 48
72 hrs Total %
reduction
hrs
compared
to control
A. wilkesiana 25
0
0
0
0
100.00
20
0
0
0
0
100.00
15
0
0
0
0
100.00
10
0
0
0
0
100.00
A. conyzoides

25
20
15
10

0
0
0
0

0
0
0
1

0
0
0
3

0
0
0
4

100.00
100.00
100.00
86.67

C. frutescens

25
20
15
10

0
0
0
0

0
0
0
1

0
0
0
2

0
0
0
3

100.00
100.00
100.00
90.00

E. hirta

25
20
15
10

0
0
0
0

0
0
0
0

0
0
0
1

0
0
0
1

100.00
100.00
100.00
96.70
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Water
Chlorpyrifos

1.05

1
0

3
0

5
0

9
0

70.00
100.00

Counts on root galls/egg masses and infective juveniles
Greenhouse experiments were conducted to investigate the suppressive effects of crude extracts from test
plants on root gall formation and egg mass development, and the results are shown in Table 3. Highly
significant differences (p<0.01) were observed between the means from crude sap extracts and the
commercial nematicide. The lowest and highest counts of galls/egg mass at 0 and 179, was recorded from
chlorpyrifos and water treatments, respectively. Comparison to untreated plants, there was a significant
(p<0.01) reduction in galls/egg mass production in roots of plants treated with chlorpyrifos and sap
extract from medicinal plants. Amongst the test plants, lower counts of galls/egg masses were obtained
from roots systems treated with sap from C. frutescens and E. hirta. This was followed by A. conyzoides
with an average of 27 gall/egg masses per root systems and the highest (63 galls/egg masses) coming
from plants treated with sap from A. wilkesiana.
Furthermore, population of infective juveniles in soil in pots for respective treatments was assessed, and
results are presented in Table 4. The difference in means of treatments was again significant and the trend
of results was similar to that observed with gall/egg mass counts. Amongst the test plants, juvenile
numbers in 250 cm3 soil for C. frutescens and E. hirta were lower compared to A. wilkesiana and A.
conyzoides. Overall, the highest number of juveniles (1140) was recorded from soils treated with water
alone, and no IJs were present in soil treated with chlorpyrifos.
Table 3 Effect of crude sap on the formation of galls and egg masses.
Average no. of galls
/egg mass x,
Treatments
Average gall/egg mass index
A. wilkesiana
63b
A. conyzoides
27c
C. frutescens
10d
E. hirta
8d
Water
179a
Chlorpyrifos
0e
x
Data were transformed prior to statistical analysis.
Means followed by same letters are not significantly different.
Means were separated by LSD test.

4
3
2
2
5
0

Table 4 Average population of infective juveniles in 250 cm3 soil.
J2 count per 250 cm³x
Treatments
A. wilkesiana
240b
A. conyzoides
320b
C. frutescens
80d
E. hirta
112c
Water
1140a
Chlorpyrifos
0e
x
Data were transformed prior to statistical analysis.
Means followed by same letters are not significantly different.
Means were separated by LSD test.
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Discussion and Conclusion
Meloidogyne incognita was identified using perineal pattern morphology as well as molecular methods
using species-specific bidirectional DNA primers in PCR detection assays in this study. The striae are
smooth to wavy, sometimes zigzagged. Distinct lateral lines are absent but the lateral field may be
marked by breaks and forks in the striae. Often some striae bend towards the vulva edge (Eisenback et al.,
1981). Although using perineal patterns in differentiating major Meloidogyne spp. is useful, some
ambiguity have been reported to exist amongst the species (Jepson, 1987; Ziljstra et al., 2000). Hence,
result observed for morphological traits were further confirmed by DNA amplification and detection.
Species-specific DNA products of approximately 1.2 kbps (Ziljstra et al., 2000) and about 1.35 kbps
(Dong et al., 2001) were amplified in PCR reactions and detected in agarose gels under UV
trans-illumination. The use of single Juvenile stage (J2) nematodes in these molecular identification
methods proved that PCR techniques are dynamic and can be comfortably applied to diagnose and
differentiate four major Meloidogyne spp. in reduced time (Hu et al., 2011). Populations of M. incognita
identified through these processes were used in subsequent experiments.
M. incognita is an important pest of most agricultural crops, reducing growth and yield of susceptible
plants. Crude leaf extracts from C. frutescens, E. hirta, A. wilkesiana and A. conyzoides tested against M.
incognita under laboratory conditions showed that application of extracts were able to cause significant
mortality on the pathogen. The leaf extracts caused significantly high mortality on juveniles and were
able to also have suppressive effect on the hatchability of eggs, which was comparable to chlorpyrifos, a
synthetic nematicide. This result support earlier findings that phytonematoxic properties in the extracts of
some weed species caused high mortality on juveniles of parasitic nematodes. Air- dried leaf extracts
from E. hirta, P. amarus and C. obtusifolia in 15% and 20% (w/v) concentrations caused 100% juvenile
mortality in seven days (Olaybiyi et al., 2008). Kamal et al. (2009) reported juvenile mortality of 65.5%
and 60.5% was observed for neem and marigold extracts, respectively after 24 h exposure. Furthermore,
water-based extracts of sap from E. hirta and A. conyzoides in a 20% (w/v) extraction concentration
caused 100% juvenile mortality after 48 h exposure (Upadhyay et al., 2003).
Suppressive effects of different concentrations of the crude extracts from the test plants on the
hatchability of eggs of M. incognita was also comparable to previous study (Upadhyay et al., 2003). It
was observed that 20% (w/v) crude extracts of E. hirta, C. album and Eclipta alba (L.) caused more than
80% reduction in hatchability of nematode egg (Upadhyay et al., 2003). In the current study 100%
inhibition of egg hatchability was observed at 10% crude extract from C. frutescens, E. hirta, A.
wilkesiana and A. conyzoides. The inhibitory effect of the extracts may be due to the chemicals present in
the extracts that possess ovicidal and larvicidal properties (Adegbite and Adesiyan, 2005). Chemicals like
alkaloids, flavonoids, saponins and phenols contained in the extracts either affected the embryonic
development or killed the egg either singly or in combination (Adegbite and Adeyasin, 2005).
Furthermore, efficacy of extracts from the medicinal plants tested under greenhouse conditions revealed
that sap extracts from all test plants were able to suppress gall/egg mass formation on the roots as well as
population of juvenile nematodes in the soil. C. frutescens and E. hirta were more effective with lower
counts of gall/egg mass on the roots. These observations are consistent with findings from recent studies
on the same genus. In Iran, application of aqueous extracts of Melia azedarach L. used against M.
incognita significantly reduced the number of galls and egg masses on roots of tomato and juvenile
nematodes in the soil (Ardakani, 2012). In Harare, aqueous extracts of Marigold (Tagetes erecta), castor
beans (Ricinus communis) and garlic (Allium sativum) used against M. javanica significantly reduced
galling and reproduction on tomato roots (Tibugari et al., 2012).
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Morphological and molecular techniques recommended for the detection and identification of M.
incognita was able to distinguish this species, facilitating studies on control strategies for this
plant-parasitic nematode. Certain plant extracts are a source of cheap and effective nematicides of
root-knot nematodes and this study showed leaf extracts of C. frutescens, E. hirta, A. wilkesiana and A.
conyzoides were found to have nematicidal properties. This indicates that there may exist, different
chemical groups with nematicidal properties in these plants and this poses the need to separate the
specific molecules for use as bio-control agents. These observations of efficacy from laboratory and
greenhouse experiments may need to be tested under field conditions to facilitate any recommendations
for their use by farmers in controlling M. incognita.
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