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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 interrelated, 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 are 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, PNG 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
VII
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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:








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 Degree4 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,
VIII
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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.

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
IX
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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 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,
XI
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Resolutions and summaries achieved for the PNG government and all.

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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Diversification in Farmers Field for Climate Change Adaptation - Taro
Evaluation Trials in Madang Province
Cyril Atung and Birte Komolong
National Agriculture Research Institute, Lae
Corresponding Author: cyril.atung@nari.org.pg; birte.komolong@nari.org.pg
ABSTRACT:
Taro (Colocasia esculenta) is an important tuber crop in Papua New Guinea that is underutilized for
its effect to mitigate climate change. A study was carried out in two different communities in Madang
Province to evaluate thirty new taro varieties from the Secretariat of the South Pacific Community
(SPC) for PNG farmers to adopt and improve their taro diversity on farm to become more resilient to
climate change impacts. The study was conducted in farmer’s field in two locations in Madang
Province, covering areas vulnerable to climate change effects namely Derin in the Transgogol area of
the Madang District and Murukanam in the Sumgilbar area of the Sumkar District. The experiment
was laid out in an augmented design with unreplicated treatments. Trials were planted in November
2013 before the onset of rains. Data collected on consumer preferences included yield, taste, aroma,
acridity and texture. There were differences in yield with variety C5-353 yielding the highest in both
trial sites followed by BL/SM/148,143,319/41, BL/SM/151, BL/SM/43,BL/SM/80,BL/SM/157, 136, and
Hawaiian Line BL/HW/37 respectively across locations. Farmers preferences for the introduce
varieties were comparable to those of the local varieties. Varieties Indonesian line (CE/IND/14),
Hawaiian line (BL/HW/26, Malaysian line (CE/MAL/07), and local variety Lanis had low yields in
both community trials. PNG lines and Samoan lines were most preferred for taste and consumption
followed by Malaysia and Indonesia lines and the local checks. The 24 drought tolerant varieties
were identified and made available to farmers and can also be used for drought prone areas in Papua
New Guinea and the Pacific.
Keywords: Colocasia esculenta, climate change, mitigate, resilient, varieties, Murukanam, Derin,
Transgogol
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INTRODUCTION:
Taro (Colocasia esculenta) is an important root crop in Papua New Guinea (PNG) that is
underutilised for its significance to mitigate climate change effects. In Papua New Guinea, it is the
fourth most important food crop consumed in the country and contributes significantly to the well
being of rural household with strong cultural value in nine different provinces of the country, (Bourke
and Harwood, 2009, Yalu et al., 2009). Taro is part of many traditional mixed cropping systems
contributing to household food security but increasing pressures from pest and diseases especially
Taro leaf blight (Phytophthora colocasiae) and Taro beetle (Papuana spp.) (Lal, 2008, Bourke and
Harwood, 2009), commercial changes and effects of Climate Change are affecting the diversity of
taro varieties grown by rural communities. There is a limited effort on record in PNG and elsewhere
to control the genetic and erosion taking place on-farm and rigorously affecting the provisions of local
taro varieties. Recent surveys by NARI have shown that the taro genetic base in the communities has
become quite narrow with farmers only maintaining 2-4 favourite varieties, which are low, yielding
and highly susceptible to pest and diseases. Adapting to and mitigating the effects of climate change is
a challenge that farmers in rural communities are facing in recent times with far reaching impacts on
farming systems and taro varieties grown. Diversified farming systems incorporating different crops
and crop varieties are important for food security in the communities, mitigating risks, and to build
resilience against the climatic changes and variability (Bioversity International 2013, APN, 2010,
FAO, 2008, Hue-Lin Lee, 2009).
In the wake of effects of climate change on food security, NARI is collaborating with the Secretariat
of the South Pacific Community (SPC) under the initiative of the International Network of Edible
Aroids (INEA) to increase the diversity of taro in farmer fields to increase the capacity of rural
community’s to adapt to climate change. The project is funded by European Union under the theme
‘Adapting clonally propagated crops to climatic and commercial challenges’ and involves a series
of participatory evaluation trials of a diverse set of taro varieties sourced from international and
national collections and breeding programmes in a number of pilot sites in the country to identify
farmer preferred accession for their further use in diversifying their range of taro varieties to adapt to
climate change impacts. This paper reports about the trials at two sites in Madang Province.
METHODOLOGY
Site establishment
In November 2013, eight on-farm trials were established in two different communities (Derin and
Murukanam) in Madang Province with different agro-climatic conditions. The trials were harvested in
early June 2014.
a)

Trial locations

Derin: The trials established in Derin in Transgogol, Madang district is on a flood plain and dense
forest area. Annual rainfall is >2800 mm/year. At Derin (wetland trial) five trials were initially
planted at different sub-sites (Kumulung Village, Derin Village, Kohur Village, and Hainer Village).
Murukanam: Murukanam is located at the North coast of Madang on the border of Bogia and
Sumkar districts. Annual rainfall is <2800 mm/year and quite seasonal with lowest rainfalls between
June and September. For Murukanam (dryland) trial, three trials were planted, two close to the coastal
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villages of (Sarman , and Sabente) and one trial located further inland at Eranduk Village (approx 225
m.a.s.l).
The pilot sites were identify through a crop diversity focused Participatory Rural Appraisal (PRA) in
2013 with community members and their ward councillors to learn more about taro diversity on farm
and taro production constraints, perceptions and criteria important in the selection and adoption of a
cultivar. The participatory rural appraisal procedures include focus group discussions, (FGD), farmer
interviews, farm visits and ranking of varieties facilitated by research and extension officers. After the
establishment of the trials, it was up to each farmer to identify their preferred cultivars, which were
most suitable for their environment. During harvest farmers and interested farmers were given the
chance to visit other farmers’ plots to compare yields and make selections for their environment.
b) Trial design
The accessions were selected previously from a preliminary on-station evaluation of 50 accessions
from international collections supplied by CePaCT, accessions from the PNG National Taro
Germplasm Collections and breeding lines from the NARI Taro breeding programme. Table 1 shows
the list of accessions and origin of the 30 genotypes tested in the on-farm trials.

Table 1: 34 Taro genotypes and their origin used in on-farm trials in Derin and Murukanam, Madang
Province
Cultivar
BL/HW/05, BL/HW/26, BL/HW/37
BL/SM/43, BL/SM/80, BL/SM/104, BL/SM/111,
BL/SM/115, BL/SM/116, BL/SM/120, BL/SM/128,
BL/SM/132, BL/SM/136, BL/SM/143, BL/SM/148,
BL/SM/149, BL/SM/151, BL/SM/152, BL/SM/157,
BL/SM/158
C5-245, C5-353
NT01, NT02
Numkowe, KPOSN27, 319/41
CE/IND/14, CE/IND/16, CE/IND/31
CE/MAL/07, CE/MAL/12, CE/MAL/14
LANIS

Orign
Hawaiin breeding line (CePaCT)
Samoan breeding line (CePaCT)

NARI breeding line (Cycle 5)
NARI released Taro variety
PNG Taro Germplasm Collection
India (CePaCT)
Malaysia (CePaCT)
Local Farmer Variety

The experimental design was an augmented design with 6 blocks with 4 check varieties (NT 1, NT 02,
Numkowe, and 1 x local) per block. Treatments: 30 test varieties and 4 standard check varieties
(Table 2). The plot size was 1 m x 0.5 m within and between plants due to small farmer field sizes.
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Table 2: Field plan lay-out for on-farm trial at Derin and Murukanam trials

1
BL/SM/158
Numkowe
CE/MAL/14
NT02
BL/SM/80
NT01
CE/IND/31
LANIS
BL/SM/136

2
NT02
BL/SM/104
NT01
BL/SM/152
LANIS
KPOSN27
Numkowe
BL/SM/148
CE/MAL/12

3
BL/HW/37
319/41
NT02
BL/SM/157
Numkowe
C5-353
LANIS
CE/IND/16
NT01

Blocks
4
Numkowe
BL/SM/43
LANIS
CE/IND/14
CE/MAL/07
NT01
BL/SM/115
BL/SM/128
NT02

5
BL/SM/111
NT01
Numkowe
BL/SM/116
LANIS
NT02
BL/HW/26
BL/SM/132
BL/SM/143

6
NT02
BL/SM/149
BL/SM/120
LANIS
BL/SM/151
NT01
BL/HW/05
Numkowe
C5-245

The trials were planted near old gardens, which provided an excellent source of taro leaf blight caused
by Phytophthora colocasia inoculums ensuring heavy disease pressure to allow spores to migrate to
new plots to infest new varieties.
a)

Data collection
The severity of taro leaf blight (TLB) was estimated using the standard area diagram
developed by Gollifer and Brown (1974) (Figure 1). The average percentage disease for each
plant was calculated by the total percentage disease for the plant divided by the total number
of leaves inspected (Hunter and Pouono 1998). The scores were then converted using the
following scale from 0-5 (0=0%, 1=5%, 2=10%, 3=25%, 4=50%, 5=75%). The TLB data
were collected at 3-4 months after planting and at harvest.

Figure 1: Standard area diagram for estimating the percentage of leaf area damage by taro leaf
blight (Gollifer and Brown 1974)

b) Corm Yield and eating quality assessment
Corm yield estimates were made following harvest at 6 months for each five data plant and the yield
weights per corm were recorded (grams) and converted to tonnes per hectare.
4
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After harvest 2–3 corm samples (100–500 grams) were collected from each genotype for eating
quality test. The corms were peeled and sliced into approximately 50–90 grams pieces (removing all
tissue surrounding the ground tissue) and bagged into cut onion bags and boiled in excess water for
30–40 minutes or until cooked. At both sites a panel of 10–20 community members. The assessment
was done suing the following traits shown and their factors, each trait was score1-3, (1 - <2=
unacceptable, 2 - 3 = good, >3 = excellent). The final rating was calculated by multiplying the
constant factor value with the actual score for each trait (Singh et al. 2001).
Trait
Texture
Acridity

Weight factor
0.5
0.3

Trait
Aroma
Flesh colour

Weight factor
0.1
0.1

c) Statistical Analysis
The analysis for TLB, yield, and eating quality was done using simple MS excel pivot tables to select
for the farmers preferred and selected varieties for their condition. The yield, the selection criteria
farmers used was to selected for bigger better sized and good corm shape while the eating quality,
farmers used strong, hardy texture, soft texture with no acridity presence, colour of flesh and aroma
(smell) of cooked corms and rated each of this traits according to the above mentioned weight factor.
Varieties with some degree of acridity presents were considered for swamp cultivation under Derin
condition while under Murukanam climatic condition, farmer select for drought tolerant was based on
number of leaves present and no corm rot through censory evaluation on-farm using visual
observation.
RESULTS:
a) Derin
Table 3 shows the mean yield of the best (10) varieties (10) out of the 34 varieties that performed
exceptionally higher than the standard mean (8.0 t/ha) in terms of yield and eating quality (EQS). The
highest yielding varieties were PNG advance breeding line C5-353, 319/41 from PNG core
collections, followed by Samoan breeding lines BL/SM/148,151,80,136,43,143,157 and Hawaiian
clone BL/HW/37. The lowest yielding varieties were CE/IND/16, Numkowe, BL/HW/26, CE/IND/14
and the local variety Lanis. In terms of eating quality, all 26 varieties of the exotic varieties and 4
local varieties including breeding lines (Total of 30 lines) were evaluated through blind panel taste
test against four local check varieties. Table 3 results show 13 varieties rated as excellent by the
farmers indicating their acceptability, 10 were rated as good which included varieties such as NT02,
CE/IND/16, BL/SM/104 and 111 that had some degree of acridity. Seven varieties were rated as
unacceptable and found to be very irritating by the panel includes highest yielding varieties 319/41,
BL/SM/157, 152,120,116, BL/HW/05 and Malaysian line CE/MAL/07 (data not presented). The taro
leaf blight rating was low across all trials except for 319/41, which was observed to be susceptible
(Table 3).
Table 3: The mean TLB ratings, eating quality and yield (t/ha) of best 10 out of 34 taro varieties under
Derin community trials
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Cultivar

EQ Score

Yield (t/ha)

C5-353

TLB
(%)
0

3.4

21.1

BL/SM/148

0.6

3.3

21.0

319/41

4.9

1.9

17.7

BL/SM/151
BL/SM/80
BL/SM/136
BL/SM/43
C5-245
BL/HW/37

0.3
1.3
0.5
0.9
0.6
0.3

3.2
3.1
2.6
3.4
3
2

17.4
16.8
16.0
15.6
14.3
13.4

BL/SM/157

0.2

1.3

13.1

TLB-Taro leaf blight, EQS -Eating Quality Score:

Farmers decisions

6-7 months variety, very high
yielding
highly rated by farmers for corm
shape, yield and growth form
Good yield and corm shape but poor
eating quality cooked
Not selected by farmers
Selected
Selected
Selected
Selected
Not producing suckers, considered
for swamp cultivation
Corm flesh colour but poor eating
quality
1≥ =unacceptable, 2≥=good and 3≥ = excellent

Table 4: The mean TLB rating, eating quality and yield (t/ha) of best 10 out of 34 taro varieties under
Murukanam community trials
Cultivar

3.1

Drought Yield
(t/ha)
T
20.8

BL/SM/143 0.9

3.4

T

18.4

319/41

1.2

2.6

T

17.3

6-7 months variety, drought resistant and TLB
resistant, high yield
Not producing suckers, and selected for drought,
high yielding
Selected for drought, poor eating quality

BL/SM/43

1.2

2.9

T

16.1

Selected for drought, high yield,

BL/SM/157 3.8

3.0

T

15.5

Selected for drought, acridity present

1.0

2.7

ST

15

BL/SM/148 0.5

3.3

T

14.9

KPOSN 27 1.5
BL/SM/151 0.2

2.7
2.8

T
T

14.5
14.5

BL/SM/115 1.2

3.0

T

14.5

Not producing suckers, selected based on yield
performance
Highly rated by farmers for corm shape and size
uniformity, yield and growth form
Selected for drought
Not selected by farmers, but good for drought
prune areas
Selected drought

C5-353

BL/HW/37

TLB
(%)
0.6

EQ
score

Farmers Decision

T-Tolerant, ST-slighlt tolerant, S- Susceptable, SS-slightly susceptible, HS- higly susceptible, Eating
quality score (EQS) score: 1≥ =unacceptable, 2≥=good and 3≥ = excellent
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b) Murukanam
Table 4 results indicated that the top varieties (10) performed better than the standard mean (10.9
t/ha) in terms of yield, 24 varieties showed some potential to withstand the dry conditions experienced
during the trial period. The assessment was done using visual observations on the number fresh leaves
present on the variety and visual assessment of the corm for any signs of rotting. The varieties with
leaves present or without leaves but corms not rotten were classed as slightly tolerant to tolerant
meaning that they can grow and produce yield under dry condition while those classed as slightly
susceptible, susceptible and highly susceptible were visual assessed to be not producing leaves and
had signs of corm damage or rotten. But this needs further evaluation to confirm. The best performing
varieties were PNG advance breeding lines C5-353, 319/41 from PNG core collections, BL/SM/143,
43,157,148 and Hawaiian line BL/HW/37. The results were similar to the Derin trial. The lowest
yielding varieties were BL/SM/120, CE/IND/14, BL/SM/158, Lanis and BL/HW/26 which was
almost the same lowest ranking varieties observed in Derin trials (Table 3 & 4). The eating quality
assessment (data not presented) shows 15 varieties were rated excellent, mostly from Samoan
breeding lines, PNG breeding lines and the local variety Lanis. The rest of the varieties were rated as
good while the Hawaiian line BL/HW/05 was rated as unacceptable which was similar to Derin trials
(data not presented).
DISCUSSION:
There was generally a positive response from farmers participating in the trials. Farmers were keen to
evaluate and access new germplasm for diversification of their systems. Similar observation were
reported by Lebot (2013) that new food crop species had positive impact on the agro-ecosystems and
widely adopted with its cultivation spreading to all islands, even the remote areas and replacing
traditional cultivars. The results from this study showed that the best performing accessions were the
introduced Samoan breeding lines and PNG advance breeding line C5 in terms of yield, TLB and
eating quality; and this was similar across the two agro-ecological zones. These results are not
unexpected as the parameters were targeted in the breeding programmes in Samoa and PNG and
accessions have been selected for high yield, resistance to TLB, eating quality and stability across
different agro-ecological conditions.
Also in both sites, farmer selections were mostly based on corm size (yield), corm shape and growth
form; and most importantly Eating Quality .In both sites farmers decided to keep all varieties for their
own use and discarded varieties based on their preferences. However, according to their agroecological conditions, Murukanam farmers (seasonal dry season) were also selecting for accessions
that showed some tolerance to low soil moisture conditions based on number of leaves on the plant,
survival of the plants and quality of the corms. Some of the varieties had dried leaves but the corms
did not rot and were considered good for drought because corms remained fresh in the soil for a
longer period of time. At Derin (wet-site) a number of accessions were identified that were considered
suitable for cultivation in swamps including some with lower yield performance under up-land
cultivation. Given the response of the farmers to the trials and their participation in the trials
implementation and selections, there are good prospects for farmers to adopt a range of new taro
varieties from diverse genetic background into their farming system. However, besides agroecological conditions and farmer preferences, socio-economic settings of the communities also have a
major influence on the conservation and maintenance of taro genetic resources. Murukanam and
Derin represent communities that are at different stages of socio-economic development. Derin
community maintains a very subsistence lifestyle and produce primarily for own consumption and
7
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rely on continuous supply from their food gardens for their food security. Hence, they have a keen
interest to maintain a diversity of varieties as this enables them to make best use of their land
resources including swamp areas and respond to other abiotic and biotic challenges. At Murukanam
on the other hand, farmers are more engaged with cash cropping such as coconuts and cocoa that
leads to increased demand for the land traditionally used for shifting cultivation of food crops with
time disparity between cash crops and food crops. Also sale and marketing of betelnut is high in the
community that often great gender inequality where women garden for food and other produce while
the men await betelnut buyers. Some of the participating farmers were more interested in accessing
new taro varieties that will give them an advantage in local marketing due to their limited inputs as
the local varieties are vulnerable to pest and disease and cannot adapt to environmental and climatic
changes (Lebot 2013). At this point, all farmers were reluctant to discard any of the tested varieties
pending further evaluation and it will require follow-up assessments to determine how many
accessions farmers eventually decided to keep also considering their socio-economic setting.

CONCLUSION:
The study was able to determine the different varieties that are suitable for each location. The farmers
were able to choose which of the introduced varieties were suited for their needs. The presence of
these varieties had widened farmers’ collection and will diversify their farming system. Advance
breeding line C5-35 from PNG performed consistently in both sites with taste, resistant to blight and
drought with Samoan line BL/SM/148 and 143.The 24 accessions showing better performance under
low soil moisture conditions can be further tested to identify suitable varieties for soil deficit
conditions in Papua New Guinea. There is good prospect that farmers will diversify their farming
system with the new varieties and increase diversity of taro in their gardens to aid them during the
challenges posed by changing climatic conditions because taro production is an integral aspects of the
farming system in Derin and Murukanam and will continue to be present as source of food, feed and
income.
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ABSTRACT
Global preference for herbal products has created tremendous opportunities for enterprises that
manufacture herbal products. The international market of herbal products is estimated to be US $ 62
billion and poised to grow at a rate of 7 per cent per annum to US $ 5–7 trillion by 2050. PNG with
its rich biodiversity and hundreds of medicinal herbs growing naturally has vast untapped potential in
herbal products development. The essential growth drivers for establishing small and medium scale
herbal industry do exist, however the export potential and industrial utilization of PNG herbs of
economic value, including the health and wellness multi-sectoral segments, has hitherto remained
unexplored. Several technologies are available for commercial utilization by small and medium
enterprises, and international market is ready for quality herbs and herbal products from the region.
Appropriate technology may also be adapted for upstream and downstream processing depending on
the nature of herbs. There is ready market for plants such as Calophyllum inophyllum, Ageratum
conyzoides, Ocimum grastissimum, Morinda citrifolia, Zingiber officinalis, Centella asiatica,
Phyllanthus niruri and Cymbopogon cirates which grow abundantly in PNG. What is needed are
national policies to encourage setting up of industries, and provide incentives for conservation,
sustainable harvest, cultivation, processing, and export of herbals and their value added products. In
this context collaboration from private sectors, farming community, government agencies, research
institutions and universities will be needed. This paper deals with identifying suitable medicinal herbs
for export and outlines the mechanism for establishing an herbal industry to manufacture herbal
products as a small and medium scale business venture in PNG.
Keywords: Medicinal herbs, herbal products, herbal industry, Small and Medium Enterprises, Papua
New Guinea
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INTRODUCTION
Papua New Guinea (PNG) is recognised as a mega-biodiversity hub endowed with vast resources of
medicinal and aromatic plants. There is no firm national data on number of biological species but
approximately 5-7 percent of the world’s species of plants and terrestrial live forms are known to exist
in the country [1]. It is estimated that PNG has 20,000 plant species from1500 genera and 275
families including 90,000 species of fungi. Many species are very local and probably rare and
endangered [2,3]. Nature remains a mainstay of medicines as half or more of the prescribed medicines
come directly or indirectly from the natural sources, also indicating that a close relationship between
biodiversity, ecosystem and natural medicines exists [4]. In PNG the population for their health care
has used medicinal plants over centuries. This close relationship between man and his environment
continue even today as a large proportion of people live in rural areas where access to modern health
services is limited or non-existent. The rural majority to a large extent depends on traditional and
herbal medicine for their health care. Except for the use of these plants for local health care needs, not
much information has been available on their market potential and trading possibilities. As a result,
the governments or entrepreneurs have not exploited the real potential of these plants.
There is a growing demand today for plant-based medicines, health products, pharmaceuticals, food
supplements, cosmetics, etc. in the international market. Global demand for herbal products, which
amounted to USD54 billion in 2006, is projected to triple by 2020 (Figure 1). China has made very
good progress in utilizing herbal wealth by promoting its use in the developed world. In China, the
annual herbal production is worth US$ 48 billion, with export of about US$ 3.6 billion [5]. European
Union (EU) countries, USA, Japan, Hong Kong, Korea, and Singapore are the major export markets.
The global market for botanical and plant derived drugs used in modern medicine increased from US$
9.5 billion in 2008 to US$ 32.9 billion in 2013, at an annual growth rate of 11.0 per cent according to
a 2009 study by BBC research [6]. Opportunities exist for export of primary raw materials as well as
processed products. PNG could have a slice of this world trade by developing appropriate herbal
industry to process and export raw materials, semi-processed as well as finished products.

Figure 1: Global demand for herbal products 1997-2020 (annual growth
10.5% USD Billion; Source: ETP document, page 56, ref. 7.
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HERBAL INDUSTRY GROWTH DRIVERS
The essential growth drivers for establishing an herbal industry in PNG as elsewhere do exist. These
include health concerns, side effects of modern drugs, growing confidence in herbal products,
competitive pricing and demographic changes. Major markets are looking for new ingredients with a
shift towards maintaining health with natural products vs. curing diseases with chemical drugs. Over
the years there is increasing awareness about side effects of synthetic drugs; e.g. antibiotics, pain
killers, etc. Increasing cost of drugs and modern health care is also a factor in looking for herbal
products. Scientific validation and quality products of traditional herbal medicines have lead to
increasing confidence in users. Herbal products are usually cheaper than most synthetic drugs and
formulations. Added to all these are demographic changes with growing middle class and life style
changes leading to emerging health issues such as diabetes, joints and bone health, cognition, etc.
Herbal industry is virtually non-existent in PNG and the health and wellness multi-sectoral segments
have not yet been explored. The country has vast untapped potential in herbal products discovery and
development. A SWOT analysis would show that PNG is well positioned to establish herbal industry
(Table 1).
Table 1: Strength, weakness, opportunities and threat (SWOT) analysis on proposed PNG
herbal industry
STRENGTHS
WEAKNESSES
1. Rich biodiversity and associated knowledge of 1. Limited technical capacity
Herbs which is unique and yet to be fully
explored
2. Poor industrial infrastructure in terms of
laboratories and extraction facilities
2. Existence of a well established electronic
database on PNG traditional medicines
3. Low sustainability of production
3. Botanical herbaria at Forestry Research
Institute in Lae, and University of Papua New
Guinea

4. Lack of government regulations and policies to
drive growth in this sector
5. Low innovation capacity

4. Available research expertise within the country
6. Lack of awareness on values of medicinal and
aromatic plants
OPPORTUNITIES
1. Growing international demand for natural
health products

THREATS
1. Increased regulation in target markets
2. Sustainability of production

2. Undiscovered herb potentials
3. Networks with international partners for
supply chain
4. Create a unique PNG positioning in the region

3. Competition from other established countries
like India and China
4. Bio-piracy may limit local innovations and
export

5. Significant player of tropical natural product
13
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6. PNG has past untapped potential in herbal
products discovery and development

RAW MATERIAL PROCESSING
Set up process
The initial focus should be on producing quality raw materials of selected herbs for domestic and
overseas markets. Figures 2 & 3 illustrate the basic steps involved.

HERB

Harvest

Transport

Sorting

Winnowing

Drying

Cutting

Washing

Packing

Storage

Distribution/
Shipment
Figure 2: Export of raw material: simple steps for processing
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 START UP INCENTIVES
(SME program, Micro
Finance, other schemes)
 SEEDLINGS,
FERTILIZERS, ETC

 LOCAL FARMERS
WILL USE THEIR

 HARVESTING
 QAUALITY
CONTROL

LAND TO
CULTIVATE
MEDICINAL CROP

 GOVERNMENT
CONTRIBUTION

 EXPORT OF RAW
MATERIAL TO
INTERNATIONAL
MARKET

GREENHOUSE
PROCESSING PLANT

Figure 3: Proposed setup process for raw material

The primary processing involves cultivation or gathering of raw herbs, handling, drying and
comminution. It is extremely important that these processes are carried out with utmost care as it
directly impacts on the quality of final product. Good agricultural and collection practices (GACP)
and good storage practices are important in herbal drug manufacturing. In the early stages focus
should be on sustainable production of quality raw materials of selected herbs for export to
international market.
Once this process has been perfected efforts could be made to set up herbal manufacturing plant for
secondary and tertiary processing. These involve extraction and distillation from dried comminuted
herbs to produce standardized extracts in form of solid, semi-solid and essential oil. The solid and
liquid forms can be dev- eloped into purified formulated end products.
Issues to Consider
Conservation and sustainability issues must be addressed and indiscriminate harvesting of flora from
forests must be avoided. If herb is collected from wild it is necessary that systematic cultivation of
medicinal plants be introduced in order to conserve biodiversity and protect threatened species.
Systematic cultivation of these plants could only be initiated if there is a continuous demand for the
raw materials. It is therefore necessary to establish processing facilities preferably in the vicinity of
cultivations in order to create a demand and assure supply. Cultivation and processing should
preferably be started simultaneously. In cases where parts of mature plants from forests are to be
harvested, sustainable harvesting techniques are needed to protect these plants.
Quality control aspects at all stages from cultivation to processing of raw materials and manufacturing
steps in upstream and downstream processes must be adhered to. Good Agricultural and Collection
15
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Practices (GACP), as stated by the WHO [9], should be followed. Harvesting management and yield
of raw materials/products, post harvesting problems, costs benefits and gains in financial terms must
be worked out in advance.

HERBS
Terrestrial/ Aquatic
Upstream
(Raw material
production)
Fresh Produce

Gathering
Cultivation





Post harvesting handling
Drying
Comminution





Dried Comminuted herbs

Downstream
(Manufacturing)

Extraction
Distillation
Water solvent extraction






Extracts

F




(solids, semi-solid, essential oil)

S = standardization
Fr = fractionation
P = purification
F = formulation

Primary
processing

Secondary
processing

Tertiary
processing

Fr
S
Intermediate

F
End product

S

P
S

End product

End product

F

Figure 4: Various steps in raw material production & processing (adapted from Zaki & Rani, 2013)
Herbs for Export

VERTICAL VIEW: Raw material production and processing

An adequate market research should be conducted to determine the species for cultivation and export.
Engagement with pharmaceutical business willing to enter in agreement to buy a fixed quantity of the
processed herb at a predetermined price will be required for successful start of the enterprise. A
group of farmers can be contracted to undertake farming and assured of guaranteed price of the crop.
Regulatory provisions must also be addressed and clearance obtained from agencies such as National
Agriculture and Quarantine Authority (NAQIA), Department of Environment and Conservation
(DEC), Commerce and Trade Ministry, etc.
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Several factors such as availability, easy cultivation, short maturation period, traditional uses, market
demand, etc. were considered in selecting herbs for possible cultivation and export. Herbs selected
include Calophyllum inophyllum used as antibacterial, antifungal and anti-HIV (local names:
kalapuline, pudeu, vitau); Ageratum conyzoides used as insecticidal, anti-inflammatory, anti-malarial,
etc. (local names: kalese, akikanabebe); Ocimum grastissimum for production of eugenol used in
cough preparations; Morinda citrifolia (Noni), Zingiber officinalis (ginger) used as antinausea,
antiemetic, and to treat cold and flu; Centella asiatica (gotu kola) a well known anti-inflammatory
and wound healing herb; Phyllanthus niruri (local names: ningi, nedron pei) used as antiviral,
antipyretic and antihepatotoxic; and Cymbopogon cirates (lemon grass). As an example export
potential of common ginger is presented here.
Ginger is used as culinary and medicinal in many parts of the world. It is exported as raw ginger,
ginger oil, and oleoresin. Major producers of ginger are India, China, Nigeria and Thailand. The
estimated world import of ginger is 300,000 tonnes per year, and the world trade is estimated at $190
million per year [10]. India and China share in world trade is approximately 61% [10]. Ginger is a
common herb that grows well in all parts of PNG. It can be easily cultivated in large quantities as a
commodity for export and later in-house production of ginger oil and oleoresin.
NATIONAL STRATEGY AND POLICIES
At present there is no government policy in place to promote cultivation of medicinal plants for export
or development of local herbal industry. A national strategy for medicinal plant development needs
should address the following (Source: World Bank in its document ‘Medicinal Plants; A Growing
Role in Development, 1995): Is the use of medicinal plants encouraged in healthcare programmes?
Are there policies for conserving medicinal plants and incentives to encourage local community
participation? Is there a policy for restoring plants harvested in the wild? Are there incentives for
collectors and farmers to keep the production of medicinal plants sustainable? Does the Government
support research into these plants? What are the policies regarding the export of medicinal plants?
Are only raw materials exported? Is "in-country" processing which may further help the trade in
medicinal plants being promoted? Is the need for greater awareness of the issues particularly among
government officials, farmers and scientists highlighted?
CONCLUSION
PNG is well positioned to establish herbal industry and develop effective herbal preparations and
combinations from indigenous and endemic PNG botanicals, based on traditional medicines research
conducted by the University of Papua New Guinea and collaborating institutions over the last 20
years. In the initial stages priority should be given to produce quality raw materials for export and
domestic market. Herbal industry could be good business initiatives for small and medium enterprises
(SMEs). However, available technology and knowhow would need to be adapted for upstream and
downstream processing. New industries within PNG can generate income for the investors,
entrepreneurs, employees and stakeholders and University as well as generate a supply stream agroindustry with development and benefits to supplying rural communities. In this, co-operation and
collaboration from private sectors, government agencies, research institutions and Universities is
needed.
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ABSTRACT:
A study was conducted to determine yield and nutritional value of the leaves of the mulberry (Morus
nigra) tree used as a feed for livestock. Forty established trees planted at a spacing of 2mx2m were
pruned to 1.5m height two years after establishment and leaf counting and harvesting were carried
out at 30, 48 and 60 days after pruning. Harvesting was also done at 90 days after pruning to
determine dry matter yield, effect of harvesting and recovery time. The average yield of mulberry
leaves was 1.05 – 1.75 kg/plant at 30 days, 2.93 – 4.7 kg at 48 days, 2.93 – 4.7 kg at 60 days and 6.0
kg at 90 day harvesting. The corresponding leaf dry matter yield was 0.27 – 0.5, 0.8 – 1.2, 0.8 – 1.2
and 1.6 kg/plant respectively. Mulberry leaf dry matter at 60 and 90 days contained 13.81 – 16.4
percent Crude Protein, 2.41 – 3.7 percent Fat, 22.42 – 8.2 percent Crude Fibre, 2.21 – 2.62 percent
Nitrogen and percentages 15.0 Ash, 0.16 Phosphorus, 1.8 Potassium, 0.20 Calcium, 0.20 Magnesium,
0.054 Manganese, 0.125 Iron, 0.019 Zinc and 0.007 Copper. Observations on the effect of harvesting
and recovery time showed that incomplete harvesting of leaves, harvesting only the mature leaves
while the young leaves towards the tip remained, affected the yield of the mulberry trees such that the
remaining leaves and regenerating shoots were severely affected by leafhoppers, longicorns and
caterpillars, and leaves were deformed with brown lesions on the leaf surfaces and shoots. However,
it was observed that the trees recover by 1 – 2 weeks after harvest, once the regenerating new shoots
are evident. To maintain this recovery under incomplete harvesting practice, the remaining leaves
should be harvested to allow the whole tree to concentrate its physiological and biological processes
of photosynthesis and transpiration on the new shoots, which will bear the next yield of leaves.
Keywords: Leaf count, leaf yield, recovery time, leaf plucking
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INTRODUCTION:
The black or small-fruited mulberry (Morus nigra) is a small tree that has traditionally been used for
feeding the silkworm (Bombyx mori) and has been used in feeding cattle and other livestock. It
belongs to the order Urticales and to the family Moraceae. The available yield information is almost
exclusively on leaves, since these are the parts used to feed silkworms and livestock. There are several
natural and management factors which affect the productivity of mulberry, such as soil and climatic
conditions, nutrient supply and fertilizer application, variety, mode of propagation, plant density,
irrigation if necessary and harvesting techniques. Climate (moisture, temperature and solar radiation)
and soil fertility are the main factors determining productivity with the low care agronomy regime at
the university farm.
The purposes of this study were to observe (1) the average leaf yield of the available mulberry trees,
(2) the effect of harvesting (leaf plucking) and the recovery time after harvest and (3) the nutritive
content of the mulberry leaves. The objectives were attained between June and September 2010
through leaf counting at 30 days, 48 days and 60 days after pruning, followed by harvesting of the
leaves at 90 days after pruning. Nutritional values for leaves to be used in subsequent studies on their
feeding value for monogastric animals (pigs and poultry) were determined from samples taken at the
third leaf count. There were no available data on the nutritive values of mulberry leaves in Papua New
Guinea (PNG).
MATERIALS AND METHODS:
Location of Study
This study was conducted on the Vudal Campus farm of The Papua New Guinea University of
Natural Resources and Environment between the 24th of June and the 27th of September 2010. This
site is located at latitude 04o 20’ 926’’S and longitude 152 o 00’ 240’’E, with altitude 54m above sea
level. The average temperature recorded was between 29 to 350C, slightly above the optimum range
of 25 to 30 0C.
Mulberry Tree Establishment
Mulberry cuttings were brought from the National Agricultural Research Institute, Lae, in 2008 and
40 trees were established on 167m2 of land at a plant spacing of 2m by 2m. Several prunings of the
trees had taken place after the trees were established up to 2009 but no records had been kept of this
or any subsequent pruning. Before the current project commenced in 2010, the forty trees were pruned
to a height of 1.5m above ground level (Plate 2) for estimation of leaf output at harvest.
Leaf Counting and Harvesting
The experimental material was the 40 established mulberry trees with an average of 3 - 4 primary
branches per tree. At pruning prior to the study these trees were about 5 – 6m tall and were pruned to
a height of 1.5m. The main branches varied in diameter from 3 – 12 cm (Plates 1, 2 and 3). New
shoots developed one week after pruning.
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Leaf counting was started at one month after pruning and then at intervals to give counts at 30, 48
and 60 days after pruning. Individual leaves were counted by order of branch, starting from the
bottom to the tip of the branch until all the leaves on the main branches were counted and average leaf

Plate1: Mulberry trees before
pruning. (Height 5-6m)

Plate 2: Pruned mulberry trees

Plate 3: cross section of Branch
(Height 1.5m) Diameter 4cm)

weights obtained for each count (Table 1). These data were then used to calculate the average leaf
yield per tree and determine the leaf yield Dry Matter (Table 1). New shoots that regenerated
(regrowth) were also counted as it was anticipated that these shoots would make up the secondary
branches for subsequent leaf yield. After the three counts were completed; the trees were already 23m tall with each tree having an average of 586 leaves and an average of 78 shoots at the 60 day count
(Table 1).
Harvesting of leaves
At 90 days after pruning, nineteen (19) trees were randomly selected and most leaves were harvested
through leaf plucking and the leaves dried to determine Dry Matter Mass (Table 2). An average of 75
percent of the total harvestable leaves were actually harvested. Fresh green harvested leaves after
weighing were dried in a solar cocoa drier for three days at an average temperature of 45-500C. The
leaves were checked and turned regularly to allow for equal drying and avoid leaf damage. After
drying, the dried leaves were packed into 40kg bags and the dry weights obtained to determine the dry
matter of the mulberry leaves.
Chemical Composition
Leaf samples of 450g Fresh Weight were harvested from each of ten randomly selected mulberry
trees. The samples included the green leaves with their petioles at two months after pruning. These
samples were air dried for 24 hours at room temperature and then dried in an oven for another 24
hours at 50oC. After the leaves were completely dried they were removed from the oven, packed in
sealed envelopes and sent to the Chemistry Laboratory of the National Agricultural Research Institute
for analysis. A 100g leaf sample was also obtained at 90 days and sent to the National Analytical
Laboratory in Lae for proximate analysis (Table 3) which, is used in assessment of nutrient content of
livestock feeds.
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RESULTS:
Table 1: Yield (kg/plant) of mulberry starting from a pruned height of 1.5m
Counting Frequency, days after pruning
30

48

60

Average weight/leaf (g)

3 -5

4–6

Average number of
leaves/plant
Average number of
shoots/plant
Total weight (kg/plant) /
Average leaf yield/plant

349

788

586

68

85

78

1.05 – 1.75

3.2 – 4.7

2.93 – 4.7

Leaf yield DM (kg/plant)

0.27 –0.5

0.8 – 1.2

0.8 – 1.2

Number of trees

40

40

40

5-8

90 (harvest)
8 - 10
1190
_
6
1.6
19

Table 2: Number of leaves harvested from 19 randomly selected trees at 90 days after pruning

Tree Number
1
2
3
7
8
11
16
17
21
30
31
32
33
34
35
22
26
36
40
Total

Number of leaves
harvested
530
1011
932
910
750
1030
871
630
625
872
549
832
1803
1000
826
802
834
1019
1193
17019

Number of leaves left
66
85
54
45
35
16
27
30
21
63
21
36
36
18
25
16
76
50
3870
4590

Actual number of
leaves
596
1096
986
955
1796
1046
898
660
646
935
570
868
1839
1018
851
818
910
1069
5063
22620

The results from the leaf harvesting are given in Tables 1 and 2. The total number of harvestable
leaves from the 19 trees was 22620 giving an average leaf yield per plant of 1190.5 leaves weighing a
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total of 5.95kg per plant (average 5g per leaf). The total output of leaves available from the plantation
for livestock feeding can be estimated from 5.95kg x 40 plants growing on 167m2 that gives 14252kg
per ha. The DM output would then be 3706kg DM per ha at a DM content of 26 percent.
Results from the chemical analyses are given in Table 3.
Table 3: Chemical composition of mulberry leaf
Composition

Percentage on dry matter basis
90 days*

60 days
DM

92.82

88.7

Protein

13.81

16.4

Fat

2.41

3.7

Crude Fibre

22.42

8.2

Nitrogen

2.21

2.62

Ash

-

Phosphorus (P)

0.16

-

Potassium (K)

1.80

-

Calcium (Ca)

0.20

-

Magnesium (Mg)

0.20

-

Manganese (Mn)

0.054

-

Iron (Fe)

0.125

-

Zinc (Zn)

0.019

-

Copper (Cu)

0.007

-

15.2

*Proximate analysis of the leaves at 90 days used for subsequent digestibility and Apparent
Metabolisable Energy Trials.
DISCUSSION
Generally, the number of leaves increased by 55 percent from count 1 to count 2 and then decreased
slightly from count 2 to count 3 due to some or other of the factors:


Senescence followed by shedding of leaves



Pest attack – longicorns and leafhoppers



Cutting off of branches by persons unknown



Lack of sunlight penetration due to the thick canopy that caused some shoots to wither.

Despite the decrease in the number of leaves from count two to count three, the leaf DM yield was the
same for both counts due to the fact that, leaves become heavier as time passes. The DM yield for
both counts was 0.8 to 1.2kg per plant.
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This declining trend was similar to that shown by Benavides et al. (1986) as the cutting frequencies
increased from 60 to 180 days and the DM yield of the leaves decreased. The DM yield obtained in
the present study was 0.35 kg lower than that obtained by Benavides et al. (1986) at 60 days cutting
frequency but comparable to the yield obtained by the same authors at 180 days cutting frequency
with 0.82 – 1.2kg per plant.
Generally it is recognized that the yield of mulberry leaves should increase with time, producing high
edible biomass yields per unit area elsewhere with adequate fertilizer application, proper irrigation
and nutrient supply. Although the present study was conducted during a time of low recorded rainfall
(July to September, 2010, Appendix 1), the mulberry trees still gave a good yield of quality green leaf,
with a leaf weighing an average 8 – 10g at three months after pruning and an average tree yielding
about 6kg of fresh dark green leaves per tree. This shows that mulberry trees at different stages of
growth do not depend upon rainfall only but on other ecological factors such as solar radiation,
temperature and soil fertility. Factors such as variety, plant density, fertilizer application and
harvesting techniques are interrelated and act interactively on mulberry trees. Mulberry is a light –
demanding plant and hence grew well under the high solar radiation conditions experienced during
the trial period of low rainfall. It is thought that the results could have been improved by application
of animal manure from the farm.
It was noted that mulberry harvested during this period of low rainfall developed considerable
numbers of new shoots. Regeneration of new shoots after pruning is normally independent of rainfall.
Tikader et al. (1993) found that maximum mulberry leaf yields could be obtained by harvesting three
times per year. The advantage with new shoots is that they are more tender and nutritious than
ordinary branches and grow more rapidly.
The main aim of this study was to observe the average leaf yield of the mulberry tree, the effect of
harvesting and the recovery time to determine a precise harvesting frequency without damage to the
trees through defoliation. The effect on the trees was observed during harvesting (plucking) of leaves
for animal digestibility and feeding trials. At three months after pruning, when the trees were first
harvested, the trees were defoliated and the subsequent yield of those trees was severely affected.
Shoots regenerated 1-2 weeks after harvesting but the leaves that were produced from these shoots
were poor in quality being deformed and turning rusty-brown with brown lesions. It was as though
plucking the leaves exposed the trees to pest and disease attacks as a result of interfering with the
plant’s normal physiological and biological processes. It was noticed that pest attack was common
after the trees were harvested with unidentified leafhoppers, caterpillars and branch-cutting longicorns
feeding on the new leaves, which affected subsequent yield of the trees.
It was later realized after a second harvest (10 months after pruning) that the leaves were affected due
to incomplete harvesting; meaning that only the mature leaves were harvested and the young leaves
towards the tip of the branch were left. An improvement in the yield and quality of the leaves was
seen when the trees were completely harvested to the tip of the branch. The new shoots and leaves
that regenerated from this complete harvest were of quality and were not susceptible to pest attack or
disease. This phenomenon that took place between the first and the second harvest of incomplete and
complete harvesting should be well explained by the biological and physiological processes that take
place in a plant. Photosynthesis and transpiration result in energy supply by the leaves and nutrient
uptake from the roots. It is critical as to where this energy intake and nutrient uptake is allocated by
priority, to the remaining leaves on the tip of the branch left during incomplete harvesting or to the
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regenerating shoots and leaves resulting from complete harvesting. Removing the leaves affects the
plant’s physiological functions and growth.
Since mulberry leaves are the chief organs for photosynthesis and also the product harvested, the
balance must be carefully handled to ensure a continuous high yield of leaves. Energy shortage is
caused by defoliation and this first affects root growth before reduction in shoot growth is seen
(Humphreys, 1978). Hence, shoots that regenerate after incomplete harvesting are affected by that
energy shortage since priority in nutrient uptake by the roots is given first to the leaves left during
incomplete harvest and then to the regenerating shoots. It is suggested here that the only way the
whole plant will recover is by carrying out an incomplete harvest first and then, after one week when
the new shoots regenerate; the harvest can be completed by removing the remaining leaves left during
incomplete harvesting. By this means, the whole plant gets to concentrate on the new shoots alone
with nutrient uptake and enough energy to produce new quality leaves to repeat the harvesting
process. In the case where the plant does not recover soon enough, pruning the tree again will revive
it.
Chemical Composition
The chemical composition data shown in Table 3 were determined as per cent after drying and hence
the dry matter content of 92.82 and 88.7 percent. The DM content of the fresh leaves was 26.7 percent
(calculared from Table 1), which compares with the 38.3 percent given for fresh leaves in Pakistan
(Gohl 1981).
The CP value of 14 – 16 percent falls slightly below the 17.6 percent given by Gohl (1981) but within
the range of 15.0 - 28.0 percent given by Sanchez (2001). Variation may be due to variety, age of the
leaves or growing conditions and soil type. Yao et al. (2000) found mulberry leaf CP values to be
slightly higher in spring than in the fall (21.1 vs. 20.9 percent). From the time the present trees were
established in late 2008, no fertilizers had been applied and there was no proper management of the
trees until 2010 when the project commenced. The crude fibre content was high (22.42 percent) at 60
days after pruning but then reduced to 8.2 percent at 90 days compared to 7.4 percent given by Gohl
(1981). Fibre fractions are generally considered to be low in mulberry compared to other foliages used
in animal feeding. The Ash content was 15.2 percent compared to 20.4 percent from Gohl (1981). The
Calcium content was low compared to the 2.15 percent of Gohl (1981) but the Phosphorus value was
similar (0.16 vs. 0.13).
The results obtained were from mulberry leaves at two or three months of age. The two-month-old
leaves were from regenerated shoots, which developed after the trees were pruned. Where the
nutritive values of the leaves were slightly below the average range of nutrients of mulberry leaves
obtained by other authors may have been due to senescence and drop of leaves during the time the
study was conducted at two months as the amounts and nutritive value of edible components decrease
considerably with senescence. The results obtained at 90 days show an increase in CP and a decrease
in CF. The high fibre content of the leaves at 60 days may have been due to senescence and drop of
leaves while the CF at 90 days is similar to results obtained by other authors.
Mulberry is a nutrient rich plant that is reported to have high protein content to serve as a good
ingredient in livestock feed. However it may need manuring or fertilizing to provide high yields of
quality leaves since it does not fix atmospheric nitrogen. Furthermore, mulberry leaves should be
harvested in the early hours of the day since the quality of leaves in terms of moisture content will
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reduce with active transpiration. Also, harvesting should be done before the senescence period to
avoid the indicated variation in crude protein and crude fibre content of the leaves.
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ABSTRACT:
One of the major problems of the Copra Industry is the devastating effect of the complex combination
of large rhinoceros beetles, Scapanes autralis, Oryctes rhinoceros and the black palm weevil,
Rhyncophorus bilineatus. Pest activities of the major beetles on coconut palms, has been an important
economic problems for many farmers in the New Guinea Islands for the last 3-4 decades. Population
of coconut beetles, are high in many areas and changing agricultural practices by many farmers has
inadvertently further increases the beetle population. Traditional methods were not effectives or
sustainable. Research into different methods and options are presented with biological information
and focus on manipulation, plus use of insect attractants as a form of control measure within an
integrated pest management approach. Emphasis is place on the use of both the synthetic and natural
insect attractants separately or in combination with the use of natural source of synergists as
complementary components of attractants in specially designed selective traps.
Keywords: Pheromone, synthetic, management, coconut, beetles
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INTRODUCTION:
The major hindrance to the establishment of large scale replanting of young coconut palms (Coco
nucifera L) in some areas of Papua New Guinea (PNG), is the devastating effects and damaging
activities of the complex combination of the large coleopteran coconut beetles. The beetle of main
concern are the Melanesian rhinoceros beetle Scapanes australis, (Coleoptera: Scarabaeidae:
Dynastinae), the Asian rhinoceros beetle Oryctes rhinoceros (Coleoptera: Scarabaeidae: Dynastinae)
and the Asian Black Palm Weevil Rhyncophorus bilineatus.(Coleoptera: Curculionidae).
Infestation of coconut palms by the beetle pests, have been an important ongoing economic problem
for the last 3-4 decades, for many farmers in East New Britain. The Population of coconut beetle pests
are still very high in many localities, and changing agricultural practices and implementation of new
agricultural systems by many farmers, had inadvertently further increased the beetle populations and
sustained the escalating problems.
High rate of population increase of people and the need for more land, have resulted in the continuous
felling and removal of tremendous amount of forest areas and biomass, providing large areas of
available breeding sites for Scapanes autralis which breeds in rotting wood of selected species of
trees. It is therefore not possible to guarantee the survival of coconut seedlings, once it is planted in
the field, as the existing resident population of beetles immediately attacks it. This is particularly an
important familiar scenario in the new cocoa resettlement areas where cocoa is then being planted
alone without its traditional intercrop coconut partner.
The wide spread planting of Giliricidia sepium
(leguminosae), as the recommended alternative shade tree species for cocoa (Theobromae cacao:
Sterculaceae) (Laup S 1995), had inadvertently increase and sustained population of Scapanes
beetles. The dead and rotting stump of Gliricidia was found to be a major breeding site (Prior R N et
al 2000) for S. australis beetle, discovered within the duration of this project.
In 1987, a government program on the production of coconut hybrid, completely failed because of
both the incidence and severity of beetles infestations (Laup S et al 2002). This problem is still
prevalence throughout the agricultural cocoa resettlement areas. The population of beetles is only
reduced after a decade, or long period, when all potential breeding sites such as the gradual
disappearance of existing fallen and rotting timbers, in these new forest cleared and cultivated areas.
The unique complex beneficial association of the three beetle insect pests on the coconut host plant
further exacerbates the problem. Both S. australis and O. rhinoceros bore holes into the crown of
coconuts and the exited volatiles of natural plant from the damage palm attract R. bilineatus. R.
bilineatus enters the hole, feed and breed in the hole as an important secondary invading pest with
major and serious consequences. When the coconut eventually dies, the crown and coconut stumps
are used by O.rhinoceros as its major breeding sites.
Objectives
i.

Carry out research to establish clear taxonomic differences between the immature stages of
large related Scarabaeidae (dynastid) beetles.
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ii. Carry out research into the use of a combination of natural synergists, synthetic synergists and
the specific pheromones of the three coconut beetles with the possibility of inclusion
within a pest management system approach for the coconut beetle pests;
iii. Investigation into the effectiveness of different designs of trapping techniques with the
combination use of both natural and synthetic for both synergists and pheromones of the
insect pests;
iv. Carry out research to collate data for information to establish and formulate strategies and
management protocols for large coconut rhinoceros beetles in the East New Britain
Province.
1.0. The Concern Insect Pests of Coconut
a. Oryctes rhinoceros (Coleoptera:Scarabaeidae Dynastinae)
Oryctes rhinoceros (Coleoptera:Scarabaeidae Dynastinae) originated in South East Africa and spread
throughout much of the Eastern Archipelago and much of the Pacific area, Mauritus and PNG
(Bedford G.O 1973a ). O. rhinoceros is a large dark brown shinny beetle about 4.4 to 4.9 cm long
and about 3.3cm wide. Both sexes have dished excavation feature on the thorax and a prominent horn
on the head, with the female slightly smaller. The adult females of O. rhinoceros lay their small white
eggs normally in the crown and on the inner bark of the dead standing or fallen coconut palms.
Sometime the insect laid its eggs in dead standing stumps of coconut palms. The general life cycle of
the O. rhinoceros is that, the first stage larvae takes about 3 weeks, the second another 3 weeks, the
third 12 weeks, the pre-pupa 2 weeks, the pupa 4 weeks and the adult may remain in the breeding site
for about 3-4 weeks before leaving to feed on other live palms elsewhere.
b. The Rhyncophorus bilineatus (Montr.) (Coleoptera:Curculionidae)
The Rhyncophorus bilineatus (Montr.) (Coleoptera:Curculionidae) is a dark brown to black beetles in
appearance, depending on the age. The species vary in length from 2.4 to 3.8cm. R. bilineatus has a
long rostrum typical of all black palm weevils and an elytra, (or fore wings) which do not completely
cover the abdomen. The male has a brush type hair at the tip of the rostrum and in most cases, is
usually smaller than the female (Laup S et al 2002). The larvae are creamy-white in colour, C-Shape
without legs and are normally found in wounds of live palm trees. The life cycles of R. bilineatus
indicates that the egg stages takes 3 days, the larva 12 weeks, the pupa 3 weeks and the adults another
12 weeks. The larvae pupate in pupal cases made of coconut fibres and pass the pupal stage in the
coconut palm. R. bilineatus can attack coconuts when they are attracted to the damages on coconut
palm inflicted by rhinoceros beetles. The R. bilineatus females, then lays eggs in the damage hole.
Feeding by larvae of the weevils often destroy the terminal bud of the palm, contributing to the death
of the coconut palm tree and the dead palm again becomes a breeding site for O.rhinoceros.
c. The Melanesian Rhinoceros beetle Scapanes australis (Coleoptera: Dynastinae)
The Melanesian Rhinoceros beetle Scapanes australis (Coleoptera:Dynastinae) is found in PNG, the
Solomon Island and Irian Jaya (Indonesia), where it is a serious pests of coconut, in combination with
O. rhinocerous and R. bilineatus (Bedford G O 1975, Laup S et al 2002). Four subspecies of
Scapanes are present in PNG and one in the Solomon Island. S. australis (Boisduval) is found on the
main land west of the Huon Gulf, S..australis breviconis Sternberg occurs in the Eastern part of the
mainland, S..australis grossepunctatus in New Britain and New Ireland plus all the other islands of
the Bismark Archipelago. The fourth is S..australis solomonnensis Sternberg which occurs on the
Solomon Islands including Bougainville. The Adult Scapanes black beetle is about 6cm long. The
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males have a horn on the head and two horns on their thorax. Horns in males may be reduced in some
beetles. The females however have a small double pointed cap on their head and a small depression
on the thorax. The larvae are creamy white, C-shape with legs. The eggs are oval about 5.2 x 3.1
mm.
The life cycle of S. australis takes about a year. The longest is the duration of the larvae in the life
cycle; the egg takes 4 weeks, the first instar larvae 5 weeks, the second 6 weeks, the third 28 weeks,
the pre-pupa 3 weeks, pupa about 6 weeks and the adults about 12 weeks. The duration of life cycle
of S. australis (ie egg to adults) is long as studied in the laboratory, but it is not clear what is the
actual real life cycle in the wild. Adult females have also been known to lay an average of about 50
eggs per batch. The long duration of the life indicated the perennial nature of the problem that can be
created or inflicted by the beetle, in plantation of young palms from about 1.5 years to 15 years old. S.
australis tended to concentrate its attack on coconut, from one year, old palms to fifteen years with
the optimum number of the attacks occurring in the early years. O. rhinoceros on the other hand,
tended to attack palm of any age. The problem is difficult to solve and complicated because of the
perennial nature of the insect pests particularly S. australis, and the unique association of pest
invasion and succession of the beetles into the host coconut palm tree.
Various established traditional practices of protecting palms against large rhinoceros beetles have not
been sustainable, particularly for S. australis and R. bilineatus. Sanitation and removal of breeding
sites of O. rhinoceros and R. bilineatus in plantations does reduce the incidences of both beetles. The
use of chemicals application on the axils of young coconuts as a form of control and deterrence was
not sustainable as a long-term solution. Failure to protect coconut from S. australis by the use of this
method has prompted more focus on the possibility of use and manipulation of beetle attractants.
2.0. Research into establishment of the taxonomic differences between closely related dynastids
(Scarabaeidae) pest and Non Pest beetles
For over 3-4 decades coconut beetles has been a problem in many areas of the new Guinea Island
particularly in the East New Britain Province. Quite a lot of biological research data had been collated
on each of the concerned pest beetles. However it was still quite difficult to formulate sustainable
control strategies, because of taxonomical issues with the immature stages of closely related
dynastids. It was quite difficult to differentiate between the first and second stages of a number of the
dynastid beetles involved in pest activities on coconut, since most had similar habits and habitats with
other related non-pest dynastids. Sometimes it was discovered and found some of the dynatids early
immature stages together in the same breeding sites.
The larvae of all stages were then collected and the insects were reared to the third stage. It was then
possible to identify particular minutes differences, which could be used to differentiate between the
third and pupal stages. The immature beetle stages belongs to the Oryctes rhinoceros, Scapanes
australis grossopuctatus, Xylotrupes gideons, Tricogomphus femair, some species of Cetonidae,
Lucanidae and Oryctodorus (Beaudoin et at 1998, Laup S et al 2002).. In the past it was difficult to
differentiate between these insects since they all sometime occupied same breeding sites and in the 1 st
and 2nd larval stages, they all look very similar.
All the immature stages were collected and reared in the laboratory into the third and last larval stage.
In the third stage of most of the insect species concerned showed some vague detectable identified
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differences, which were noted, but still quite difficult to distinguished. Identified minute differences
could be seen under low magnification and these were observed to be the number of hairs or sitae on
the left and right thoraxic segements, on both side of the carapace or the insect heads. Replicates of
these insects were preserved in the deep fridge and all the remaining were reared to adult stage to
confirm species identification.
A taxonomic key was produced for the immature larval stages for all the pests and non-pests
scarabaeidae or dynastid insects examined. The compilation of the short taxonomic key resulted in the
discovery of a major breeding site of S. australis, which was the dead stump of Gliricidia
(leguminosae) . All stages of the Scapanes insect pest were discovered all along, inside and outside of
the dead tap root system of the Gliricidia plant (Prior R N et al 2000).
The four sub species of Scapanes are mainly found in the North Western part of the Melanesian
regions. The larvae are typical Dynastids and are easily mistaken in the field from other closely
related species that develop in rotting wood as well. Rotting coconut palms stumps in the mainland
and Gliricidia (leguminosae) stumps in East New Britain have been identified as breeding sites,
within two geographical distance zones (Beaudoin et at 1998). Behavioural studies (Prior et al 2000)
of the S. australis beetle also confirmed that the adults male normally feed and bore into the base of
coconut crowns of larger coconut (4-15year) developing feeding galleries, which attract the secondary
but serious pest, the Black Palm Weevil R. bilineatus which lays it eggs in the coconut wound. The R.
bilineatus larvae develops, and the continuous feeding of the larvae within the damaged and living
tissue of coconut palms results in the death of palms, normally for palms of 1.5-10 years old.
3. Research and assessment of the entomopathogenic baculo-virus, Baculovirus oryctes on O.
rhinoceros insect beetle pest.
O. rhinoceros and one or two other member of the group of coconut dynastids, have for sometimes
been effectively controlled by an existing bio-control entomopathogenic viral agent; a Baculovirus,
Baculovirus oryctes that was specially released in the 1970s for control of O. rhinoceros (Bedford,
1973a). Investigation and search for the existence of the entomopathogenic organism showed that it
was still prevalence in the area. It was discovered that incidences of oryctes diseases normally arise to
epidemic level during coconut beetle pest population increases. This increase normally results from
occasional felling of a large area of coconut palms, which provided major short-term available
breeding sites for O. rhinoceros. The population normally decreases rapidly once infection by the
existing natural field baculovirus oryctes invades the population.
The pheromone for O. rhinoceros, which was ethyl 4-methyloctanoate produced by the male, was
purchased from Costa Rica in South America and was also being tested to O. rhinoceros from PNG
and was found to be quite effective in attracting adult O.rhinoceros into traps.
4. The testing of the aggregation pheromone of the black palm weevil R. bilineatus
An aggregation pheromone for R. bilineatus became available during the duration of the project. A
number of live R. bilineatus feeding in sugarcane was sent to Canada and, extracts from male
secretion were analyzed under various methods to identify if an attractant pheromone do exists in the
species. Analyses of the volatile extracts from male couple with chromatographic
electroantennographic detection (GC-EAD) revealed the presence of a male-specific compound that
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elicited a strong electrical response by both male and female antennae. The pheromone, 4-methly 1-5
nonanol is a male-produced aggregation pheromone of R. bilineatus. The pheromone was identified
both by (GC-EAD) and couple GC-mass spectrometric (MS) analysis of male-and female-produced
volatiles (Oehischlager. el at 1995).
The different isomers were tested in the field on Vimi plantation in the Kokopo district of East New
Britain Province. One of the isomer was more attractive in bucket traps put out at 50 meters apart in
the plantation.
Interestingly the R. bilineatus pheromone 4,5S-1 isomer is also naturally produced, EAD and field
active isomer in the other Asian Black Palm Weevils R. ferugineus, R. vulneratus and the American
Black Palm Weevil R. palmarum. The occurrence of 4S, 5S-1 in the three Asian species of black
palm weevils indicated that the American palm weevil speciated from the Asian weevils. This is
consistent with the prevailing theory that palm trees evolved in South East Asia, spread to Africa and
then to America.
5. Behavioural studies of S. australis
S. australis is endemic in PNG. Adults were observed to be very active at dusk. They attack palms to
feed and perform certain communication behavior that has recently been observed and understood
(Prior RN et al 2000, Laup S et al 2002). The males has, strong curve horns that enable them to
pierce plant tissue and bore tunnels and galleries in the crown of the coconut palms where they feed
and mate. When they attacked younger palms, the spear is usually destroyed but the S. australis
prefers larger palms, normally those which are less than 10 years of age, since their height are within
the optimum fight range of the beetle, which was found to be between 2- 4 metres above the ground
surface ((Prior et al 2000, Laup S et al 2004). Adult males remain in palms to feed and attract females
for mating and males were observed to remain in the same gallery for sometimes up to three months.
The females were more mobile and move from palms to palm to mate with the male during dusk.
They are very difficult pest to control because of their long life cycle (367 days) and attack palms
mostly from one to fifteen years old palms.
6. The use of natural and synthetic pheromone of S. australis
a. The identification and use of the synthetic pheromone of S. australis
It was observed in the past, that communication between S. australis must have been pheromonal in
nature. During the duration of this project, the pheromone was then found and identified to be given
off by the males at specific period in the evening, to attract the females. Other males who were also
attracted to the source also detected the pheromone. This meant that the pheromone, although was a
sex pheromone, was also somewhat acting as an aggregation pheromone.
The use of natural insect attractants, as a possible means of contributing to pest control, was therefore
an attractive possibility. The orientation and focus lead to the identification of the pheromone, which
followed a number to steps. Live insect were collected and sent off to France where insect were
condition to perform in laboratory at INRA, France and exudates were collected from insects.
Collection and identification was carried out with the use of solid-phase micro-extraction, which is a
technique normally used for identifying, and rapid isolation of highly volatile or trace compounds that
cannot be easily disclosed by the normal technique of gas chromatography (Rochat et al, 1999).
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Components of the extract were separated and extracted. The initial identification of the pheromone
showed that it consisted of three components. The components included a mixture of 2-butanol, 3hydroxy-2 butanone and 2, 3-butanediol (Rochat D et al, 1999). The pheromone combinations were
then field tested in the plantation for the Cocoa, Coconut Research Institute (CCRI) for activeness.
Each of these components was tested singly and in different combinations in field experiments to
determine activeness and to eliminate any of the components, which were not necessary.
The two components: 2-butanol and 3-hydroxy-2butanone, both consisting of four carbon compounds
each, were found to be very active and essential (Rochat D et al, 1999). The pheromone was
identified to be quite original. This pheromone was also, found to be amongst the smallest and highly
volatile molecules ever identified as an insect pheromone (Rochat et al, 1999). It was also even found
to be present, in small traces amount within the feaces of both male and female of the S. australis
beetles.
The synthetic S. australis pheromeone is basically a mixture of two relatively inexpensive chemical
compounds that are easily available over the counter. It was then off-cause a simple matter of mixing
and formulating the chemicals in the right proportions or ratio, and then packaging it in sachets ready
for use in beetle traps out in the coconut plantations.
These chemical mixtures are: 2-butanol and Acetoine (3-hydroxy-2butanone) (Rochat D et al 1999,
Kakul T et al 2001). The pheromone is normally mixed at a ratio of 90.5 (V/V) (2-butanol:
Acetoine).
Different types of plastic dispensers of the pheromone were also tested to identify which types allow
pheromone volatile released at a reasonable and acceptable level (Kakul T et al 2001). The
pheromone was very active and formed a major component of the trapping strategies on the integrated
approach to S. australis beetle control.
b. The use of natural pheromone-using live male bait or caller.
During the early night male S. australis were observe to exhibit a sex – specific nocturnal calling or
signaling behavior for 1-1.5 hours. During the calling action the male raised the abdomen and hind
legs, with its head lowered inside the gallery and emitted a liquid secretion, rhythmically smeared by
crossing the legs. Adult activity and flight coincided with the calling period and calling by live male
attracted both sexes (Prior RNB, et al 2000).
Males S. australis have a marked territorial behavior and got rid of all other males within their
vicinity and were seen to compete and fought for possession of galleries, some already containing
females. No aggregation but mating was observed with arriving females on same sites. Male would
normally be observed with mostly along or with 1, rarely 2 females.
Male pheromone may have originally been a sex pheromone, but may have evolved to respond to
their own sex signals to gain possession of suitable mating and feeding site. The use of synthetic
attractants of the beetles has now provided an avenue for pursuing a viable component of control
option for all the beetles. It was also discovered that male S. australis could be manipulated to behave
as calling males. This than led to the development of a trapping technique, using live male S.
australis as bait in field traps (Kakul T, et al 1999, Laup S et al 1999). The pheromone release during
the calling behavior is normally proportional to be number of S. australis beetles in some areas.
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c. Combination of synthetic and natural pheromone (use of live male caller)
It was than further decided also to add synthetic S. australis pheromone to the traps that consist of
only live male S. australis as callers. This further increased the beetle catches and count. Live male S.
australis baits were allowed to feed on pieces of sugarcanes and installed inside the traps that were
already in the field, dramatically increase the number of S. australis captured in the traps. The present
of fresh volatiles from the food source released by continuous fresh feeding on the sugarcane, by live
male S. australis callers in traps, increased the numbers of S. australis lured into traps. The
effectiveness of volatiles released from the feeding activities of both live male and female resulted in
significant catches of S. australis beetle (Rochat D et al, 2001a,2001b, Kakul T et al 1999, Laup S.et
al 2001).
One of the roles of the live S. australis insect feeding activities, on the sugarcane was, then to
maintain freshness of the synergist, whereby newly chewed sugarcane fiber constantly releases
concentrated synergistic volatiles. The release of volatiles from synergists or pheromone in traps was
then constant for longer period. Dry periods were more suitable for the constant release of both the
synthetic pheromone and the synthetic synergists for longer period. On the other hand the
effectiveness of natural plant synergists was prolonged during wet periods but shorten during dry
season.
7.0. The Use of both natural and synthetic synergists
a. Use of natural synergist
Synergism is the complementary combine activities of agencies influencing a certain process
producing a greater than the sum effect of each agency as opposed to acting alone. Natural vegetal
products such as cut sugarcane and pieces of coconut bulb were used in traps as natural synergists and
additives for the synthetic pheromone (Kakul et al 2001, Laup et al 2001). The natural products were
however not persistent as they deteriorate and becomes exhausted rapidly during dry seasons, so these
had to be replenished regularly. However when the simple bucket traps were used, it resulted in
reasonable high catches.
b. Use of synthetic synergist
The synthetic synergist mixtures contain a majority fraction (ethanol+ethylacetate) and a minority
fraction between 4 and 26 different products depending on composition. The minority fractions were
prepared in France and brought to PNG (Morin J P et al 2001a, 2001b, Kakul T et al 2001, Laup S et
al 2001). Organic compounds were extracted from fermenting tissues of wounded coconut palm. The
tissues were specifically obtained from fiber debris of beetles’ excavation inside the hole of the trunk
of palms. These were synthesized and mixed in different mixtures to identify the most effective
complementary synergists. The slightly active synthetic synergists included a mixture of minor acids
and aromatics. Further research is required to identify optimum effectiveness of synthetic synergists
when mixed in the most ideal required ratios and combinations. Chemical compound mixtures tested
for synergistic activeness with S. australis pheromone were; various alcohols, ethyl esters,
acetate/propionate, insaturated + OH, minor acids, groups of minor aromatics, and terpenes.
The natural coconut synergist differed from the other synergists as more S. australis were caught with
natural coconut synergist than with the other synthetic synergist. Fewer S. australis were caught with
the synthetic synergists than with Sugarcane. Release rate from synthetic synergist however tended to
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be constant, while the release of concentrated volatiles of both coconut and sugarcane (natural
synergists) tended to be higher in the beginning and lower toward the end of the release period.
8.0. The combine activities of both the natural plus synthetic pheromone, and the natural plus
synthetic Synergists
The inclusion of synergists in traps with pheromone, dramatically improved beetle catches. More S.
australis were caught when the pheromone and the synergies were combined in traps.
Pheromone serves as a long-range attractant in luring the beetles towards mate or the traps. Field
observation had noted that all beetles that fly and orientate towards the trap did not all got caught in
the trap, although they may or did circle the trap a couple of times. The pheromone therefore attracted
beetle from longer distance and the effect of the synergist or fresh synergist (feeding exuvia and
debris of sugarcane or coconut bulb) or synthetic synergist, oriented and enforced the attractant
combination for flying S. australis beetle to pinpoint (within the vicinity of trap) entry into the traps.
The use of synthetic synergists combined with pheromone, can also prolong or maintained
effectiveness and attractiveness of beetle traps to active beetle for a long time. Exhaustion of natural
synegists can, on the other hand reduced the efficiency of traps after a short period of time, normally
during dry seasons.
9.0. Pheromone of O. rhinoceros and R. bilineatus in combination with synthetic plant host
synergists.
Pheromone for O. rhinoceros was already available (Oehlschlager A, C et al 1995). Pheromone for R.
bilineatus was identified in the early stage of the project. Both of these were also included in specially
designed compound beetle traps. All the three beetles, S. australis, R. bilineatus and O. rhinoceros
responded more strongly to mixture of compounds which include synergist then to their respective
specific pure pheromone components in isolation.
The trapping of the Black Palm Weevil R. bilineatus, during the project, began in early 1993 when its
synthetic pheromone became available. Many thousands of weevils were caught and trapped, but
coconut palms were still dying in the area where trapping was taking place. This meant that although
many beetles were caught, they represent only a smaller percentage of the overall natural resident
population in the trapping zone. There was then a need to re-design the traps to increase its efficiency
and efficacy. Field assessment of the residence beetle population caught, indicated that only about
10% of the weevils that flew towards the trap were being caught. The synthetic synergists for the
pheromone of another species, Rhynchophorus, R. palmarum weevil from South and Central America,
was tested to see if there was any respond from the PNG Black Palm Weevil species, R. bilineatus.
The synthetic synergists were field exposed in traps, in East New Britain to see if the any of the
volatiles, induces positive responses from R. bilineatus (Kakul T et al 2001, Laup S et al 2001). If it
was observed and confirmed that there was certainly positive receptiveness by R. bilineatus to some
of these synergists, then these would be adopted as synergists for the pheromone of the Black Palm
Weevil. R. bilineatus. It was found that compounds of insaturated +OH and Minor acids showed
positive synergistic effects in combination with R. bilineatus pheromone during trapping using the
compound trap designs. However the catches could be increased if the PNG Black Palm Weevil R.
bilineatus does responses positively to particular ratio combinations of the selected synergists.
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Damage tissue of coconut in fermentation condition was very attractive to R. bilineatus.
Concentration of volatiles from the fermentation contains high proportion of ethanol and ethyl acetate
and other natural compounds. Traps established with natural coconut synergist caught more insects
than those with the synthetic or sugarcane (natural) synergists. The release rate from the synthetic
synergist for R. bilineatus also tended to be constant, while as natural synergist for S. australis,
coconut and sugarcane tended to be skewed with higher volatile release rate at the beginning and
lower release toward the end or the exhausted state.
The use of synthetic attractants to trap, particularly S. australis, as a control method had never been
tried in PNG. A lot of information on the S. australis beetle has been collated, on the biology and
ecology of S. australis, and much more than what had been collected in the past 40 years. This has
been possible with the use and manipulation of the insect attractants. However pheromone are
normally used as a population monitoring tool and here it is being tested if it can be used more as a
basic control measures within the framework of an integrated pest management approach. The
accurate data of the population of immature stages of S. australis was difficult to obtain as the eggs
are laid in the soil. This problem was overcome by collecting three different variates from the treated
area and these were (i) the number of S. australis lured into pheromone traps (ii) the number of insect
winkled physically out of coconuts and (iii) those collected from breeding sites to estimate the larval,
population in the soil.
10.0.

Preferences of the age of coconut palms by S. australis Beetles

S. australis has a preference for certain sizes of palm and usually prefers large size young palms with
distinct bulb and trunk formation. Wounds on larger palms are invaded by R bilineatus, which may
eventually kill the palm. The results also showed the total incidence of S. australis attacked and
infestation of palms caused by R.bilineatus following S. australis attacked and the number of new
infestation of young coconut palms by R. bilineatus. Younger palms (<18 months) are less attractive
to S. australis as it tended to prefer to attacked larger palms (>18 months). S. australis rarely kill
larger palms, but they are however very attractive to R. bilineatus.. Reducing the numbers of S.
australis beetles going into the coconut would results in the reduction of the number of palms being
attacked by S. australis, which in-turn reduces the incidence of R. bilineatus infestation. When S.
australis attacks young palms with no recognizable formation of coconut bulb, it leaves quickly
because of the inability of the palm to harbour and protect the insect for long periods. S. australis
attack a young palm with recognizable bulb and trunk formation because they are able to stay inside
the galleries and the palms are sufficiently large enough to harbour and support the insect for long
periods. The palms also serve as a mating and feeding site for S. australis and the Black Palm Weevil
R. bilineatus invades wounds on larger palms, which usually kill the palms.
11.0.

Determination of the height of S. australis flight range

Table 1: Number of beetles caught at different height in a CCIL cocoa and coconut plantation
Number of S. australis caught in the trap at different height
Treatment (N=6)
Male
Female
Total
10
12
22
1 (ground level)
18
31
49
2 (1 metres high traps)
7
28
35
3 (2 metres high traps)
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4(6 metres high traps)
Total

2
37

19
90

21
127

S. australis were caught in traps up to 10 metres high , however a lot more insect were caught in traps
between ground level and 6 metres, peaking at optimum between 1 and 2 metres (Table:1). The
different of number of insect caught between ground level and 6 metres were not significant.
12.0.

The designs of traps

Traps for S. australis, O. rhinoceros and R. bilineatus were continuously being modified or redesigned for efficiency, efficacy, and to increase retention, durability, so maximizing beetle catches in
different field situations (Kakul T et al 2004, 2001a, 2001b, 2001c, Laup S et al 1999, 2000, 2001).
Another factor was the cost of materials for the traps. It was seen that cost would be a major deciding
factor amongst smallholder farmers who decides to adopt the new technology. The R. bilineatus trap
was improved with the inclusion of coconut fibre covered around bucket traps. This was adopted into
the Titus bucket traps, which significantly improved catches of weevils by four fold. Split sugarcane
stem was used as the plant synergist, but this however requires regular replacement, which of course
would be an exercise not favoured by smallholder farmers.
Initially, normal single 5 litre bucket traps were used followed by what we called, titus double bucket
traps (Figure: 2). This is a bucket trap with compound components of both synthetic and natural live
male bait beetle that were used later. It was not guaranteed that farmers will service the bucket traps in
the farmer’s blocks as a number of traps were not serviced regularly (weekly) as required.
The Titus trap on the other hand could be left in the field for more than half a month. This trap was
then used in most of the “on farm” and adaptive trials established. Although there was ease in the
construction and maintenance of the trap, durability was however a problem when using the bucket
traps, since it becomes brittle and was easily breakable when exposed to direct sunlight after about
less than a year. When traps are installed in shady condition, it stayed viable for over two years, if not
vandalized. Even though catches efficiency was higher, a further deficiency of the bucket trap
indicated that the capacity of the trap was in-sufficient to hold large numbers of insect (> 70 S.
australis), caught in the bucket trap, if traps are left for longer period of time in the field, without
servicing or checking. This allows buildup of beetle numbers in the trap to over capacity.
A new design of a trap was necessary to accommodate the larger catches. Various types of new traps
were designed to increase catches, reduced cost, provide adequate insect retention and capacity to
hold insects for long period, more than two months.
A new trap was then designed, made from PVC plumbing pipes (Figure: 1). It was observed that
PVC traps could be left in the field, and stay viable for a long period, without the need for regular
short intervals servicing. PVC had the benefit of a larger capacity and was also catching or retaining
far more beetles than bucket traps (Laup S et al 1999, 2000). The cost of the PVC was slightly higher
than bucket, but the durability period and all there other positive factors involved compared to the
defects of bucket traps, offset the cost involved and on a long term basis the PVC designed trap was
certainly economical. The selection of the PVC trap design came through based on a number of trap
designs, which included (i.) Normal bucket trap (ii.) Bamboo trap,(iii.) Bilas bucket trap, (iv.) Four
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holes (on lid) Bucket trap, (v.) One hole (on lid) Bucket trap, (vi.) Tin and Bucket trap, (vii.) Double
bucket bilas compound trap, (viii.) PVC (small, medium & large) Compound traps and compound
“forget “ trap.
The most suitable trap was off cause the PVC traps, which has now been adopted in the Asian region
which included, Malaysia and Indonesia on oil palm and in India, in Sri lanka and the Philippines all
on coconut and Tanzania in Africa (Singh SP et al 2007). Placement of traps was also still a major
issue in the field situation because when the traps were placed out, there was a higher incidence of
beetle attacks on coconuts within the immediate vicinity of the traps.
A plan of the trap placement strategies was formulated, with two different procedures. The strategies
for mass trapping were both for pre- and post- trapping, within both the small and larger coconut
farmer situations. The ease and practicality of these designs were tested in field situation and this
strategy also carter, for the effectiveness of both the high and low dose release of attractants. It further
also caters for the problem of immigration of beetles from outside the trapping and resident
population area.
13.0.

The installation of an ideal compound beetle trap

The PVC compound beetles trap was selected and equipped with the following components; synthetic
pheromone, natural pheromone, un-routinely released by male beetle caller, a synthetic synergist and
natural synergist and then placed strategically in the coconut plantations. The trapping strategies also
provides for timing of trapping, based on the life cycle of the insect. It also caters for the pre- and
post- trapping period. This included the use and appropriation of level or doses of release of
pheromone, in appropriate dispensers. The behavior of the beetle changes proportional to the growth
and age of coconut.
This was also catered for in the trapping strategies. Practical application of the technology required
good synergists that would last about three to four months as the pheromone chemicals so there is still
need, to be more research into aspects of dispersal behavior such as the rate of dispersal or migration.
A trial using miniature radio transmitter attached to beetle’s back followed by tracking devices was
not completed, and was intended to understand more aspect of the migratory behavior and movement
of beetles from one area to another. This procedure of this method needed to be perfected.
14.0.

Mass trapping

To study the impact of the mass removal of beetles, 70 hectares of coconuts block was used and
established on the Cocoa, Coconut Research Institute (CCRI) property in East New Britain. The
coconuts were inter-planted with cocoa and these palms were planted on the CCRI plantation.
Damages on the palms were recorded monthly. The number of palms attacked and those beetles
winkled out with hooked wire were also recorded. Live male callers were used in the traps and these
were then later replaced with synthetic S. australis pheromone. The initial trapping identified
pressures areas where beetle populations were indicated to be highest. High densities of traps were
placed in areas with detected high population levels of Scapanes, and vice versa. Traps were installed
50 metres grid pattern in one area. Traps in another coconut plot were arranged around the perimeter
of the plot. In the other adjacent plots, the traps were placed at the periphery of the coconut plot. All
palms were surveyed fortnightly for damage level and the traps were serviced weekly. A logical
40

Proceedings of RST UPNG Sci. Conf. Nov 2014
relationship was seen in which the increase of the number of beetles caught in traps was inversely
proportional to the number and level of palm damage recorded in the block.
Figure 1: Tube PVC large (diameter=15cm, height = 200cm) trap with two windows

Figure 2: S. australis live male baited bucket traps (Titus trap)
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The Gliricidia stumps were also dug out from these areas. The sampling of old Gliricidia stumps
showed that the number and density of immature stages of S. australis per Gliricidia stump had
reduced within the trapping area. Dynastids larval population in the soil tends to decline but there
was yet no clear indication whether this was a result of mass trapping or by natural cause. The
effectiveness of this would be confirmed only on an estimated long-term (2-3 years) basis. The Live
calling male S. australis, were used as bait in the traps for a period of 12 months with the male caller
replaced with new male individuals every time a caller dies. The trap was then replaced with
synthetic pheromone when it became available. The results indicated a steady decline in the
population of S. australis up to the time the traps were improved.
The mass trapping on the plantation went for one year after the improvement of synergists and
showed a declining trend in the number of insects caught indicating a decline in the population of
resident beetle present (Figure: 3). In one of the coconut block there was yet not distinct relationship
between the number of S. australis caught in traps, and the number of palms attacked, as this was a
long-term observation and assessment areas. The sudden increase in the number of S. australis
trapped was in response to improved pheromone synergist and also from migration of beetles from
adjacent areas in the other blocks. More S. australis, were being caught in traps than those winkled
out of coconut. These indicated, that more beetles were being caught in the traps then being attracted
to live coconut palms. In another commercial coconut and cocoa plantation; a ring of S.australis traps
were placed around the perimeter of the plot as treatment, with two of the opposition sides
concentrated with double rows of traps. The two rows of traps were placed in a triangular pattern 50
metres apart. All other traps were placed 50 metres apart. For within plantation comparison, no traps
were installed around coconut palm plot designated as control. The S.australis beetles were
monitored and continually removed using S.australis traps and by fortnightly winkling of beetles.
Traps were serviced weekly by continual replenishment of natural sugarcane synergist and count of
the number of beetles caught in traps.
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The number of S. australis collected per trap from various distances from the coconut plot and those
winkled out of coconuts plus those caught in traps furthest from the coconut plot, differs from traps in
close proximity or within the coconut plots. A gradual higher number of beetles were caught further
away from the treated coconut area. It was certainly found that less damage and a gradual decline in
the beetle count were found in the plot with ring of traps around it, compared to the control.
15.0.

Conclusion of the research scenario of major coconut beetle pests

The coconut beetle problem is immense and has prevented the rehabilitation of many coconut
plantations in the province. Many of the coconut palms in the province are now reaching senile stages
and that means copra production is decreasing in many plantations. The old coconut palms needs to
be replaced by productive and high yielding coconut hybrids.
A number of researches have been carried out into possible control methods of the rhinoceros beetles
since the 1992. A number of breakthroughs were made in many areas relating to the S. australis
beetle biological behavior and activities resulting in new control strategies developed within the
sphere of an integrated control approach. Research into the use of synthetic attractants particularly for
S. australis, indicated that the trapping method could be used as a possible means of control rather
than just a monitoring tool. The research was basically focused, on four components, which included,
the insect beetles themselves, the trap, insect pheromones and the synergists.
The next stage of the beetle trapping should focus on using entomopathogens of each beetle’s pests in
open-ended traps that allow beetle pests to be attracted into the trap but not to retain the insects inside
the trap. From the trap the insect pest should then pick up the pathogen and spread it into it’s specific
population. Preliminary test of this approach indicated that the use of propagules or spores of both
Beaveria bassiana (Deuteromicotina: Hyphomycetes) and Metarhizium anisopliae (Deuteromicotina:
Hyphomycetes) could be ideal for this purpose for Scapane and black palm weevil R,bilineatus, apart
from the Baculo-virus for O. rhinoceros. There is still however, now indications that, it may be
possible to dramatically reduce S.australis beetle problem in many areas. The essential components
of the trapping approach should be kept at optimum level and traps should be place strategically
depending on different sites. Both S.australis and R .bilineatus should be focus on, in the alertness of
pest insect visitation and infestation. The timing of implementing these measures is also very
important.
All the measures should be package in an appropriate Integrated Pest Management approach. The
issues and concerns regarding the beetle problem needed the commitment and understanding of both
categories of farmers. For example, the need for consistency in servicing of beetle traps for both
S.australis and R. bilineatus in farms is one of the pre-requisite to the success in reducing beetle
problems. The introduction and adoption of technology by farmer has been a problem in the past so
there is an importance needs to understand farmer perceptions and how they can be approach with
positive responses, so that farmers benefit fully from this new technology. It is also important that,
special and strategic training be formulated for farmers and should be implemented or integrated into
the present coconut integrated management strategies, to enable farmer to be fully involved in the
process. The results of the ongoing research on coconut beetle pests has indicated that it can be
optimistically and reasonably be stated that, the coconut beetle problem on young coconut palms in
East New Britain Province, can be reduced.
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ABSTRACT:
Is the Long-term Total Public Debt of PNG Sustainable? In order to answer the question, the paper estimates
and discusses Changes and Trends of Elasticity and Propensity of Papua New Guinea’sTotal Public Debt, in
light of growing GDP and Long-term Debts. The paper has two parts. First, it shows the results of Elasticity and
Propensity of PNG’s Total Public Debt, for the period 1990-2014. The calculations were made with respect to
Central government’s Long-term Debt Elasticity and Long-term Debt Propensity. Second, it then discusses the
long-term sustainability of long-term Debts, in light of Debts incurred with respect of major extraction projects.
The Central Government of PNG is treated as a firm. The basic Asset-Liability concept of a firm is adopted as
the theoretical basis of the discussions. The paper concludes that Central Government Public Debt Facility was
inefficiently used in the period of the study. The inefficient utilization of the long-term Central Government
Public Debt might have led to long-term financial risks and/or uncertainties for PNG’s future. The unfavorable
results are inconsistent with the five stated goals and directive principles of the national constitution.

Keywords: Sustainability, elasticity, propensity, asset, and liability.
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BACKGROUND:
PNG’s Central Government perceived as a ‘Firm’
In the paper the PNG Central Government is generally treated as ‘a firm’ for the purpose of
understanding and analysis of data in the paper.
A firm is defined simply as a legal person who has something to sell, organizes itself and through
differentbusiness transactions, hopes to increase its assets (while keepings its liabilities low over a
period of time).
Under appropriate the National Constitution and laws PNG can be deemed to be ‘a firm’ or a ‘legal
person’. The rules, laws or charters of the United Nations, which also enhance and protect PNG, as
she organizes herself in producing something to sell, and through different ‘business transactions’
PNG hopes to increase its assets (while keeping her liabilities low).
What does PNG ‘Produce’ and ‘Sell’?
Seen in this context that something PNG wishes to ‘produce’ and in one sense, ‘sell’ It is the total
final value of Goods and services produced in PNG in a given period, usually a year. There is a
difference between GDP and GNP. The main difference is made up of ‘factor income paid abroad’.
GDP can be measured by adding up all the income earned in PNG. Alternatively, it can also be
measured by adding up all the Expenditures made on goods and services in PNG, in a year. Using
GDP as a starting point, to measure GNP, we subtract income of foreign residents and firms
who/which are based and working in PNG in a year; and we add-up income of PNG residents and
firms who/which are based and working in foreign countries in the same year.
This means GNP equals, GDP –/+ Net factor Income paid or received abroad (Sloman, 2006) [In
1991 the USA shifted into use of GDP as the basis for estimating its National income].
In this research have adopted and used GDP data, estimated by the Bank of PNG, for various years.
PNG’s Development Financing—Equity or Debt:
In order to ‘produce’ and ‘sell’ output, PNG requires ‘seed capital’. The term ‘Seed capital’ refers to
the ‘original capital’; PNG might have needed use to produce the ‘original output’; which would have
been at independence in September 16 1975.
After production has taken place, part of PNG’s output is saved and part of it is consumed.
An important question can be asked: ‘How efficiently has PNG been using her Expenditure in the
process of economic development since 1977?’
As an answer, it was shown that PNG might have used her spending (Expenditure) inefficiently
during most of her a long-term research, 1977-2014 (Gipe June 2014); which has implications on
economic development (See details in Annex 1, Attached hereto).
Why seek Debt-Financing and not Equity Financing?
The inefficient use of PNG’s Expenditures ((Gipe June 2014), might have prompted successive
political leaders to seek---not Equity financing---but Debt-Financing of her economic development
activities, since 1990s.
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METHOD:
We used two concepts in a business in this study.
The first is the concept of elasticity, such as price elasticity of demand. We took GDP as having
demand. We took PNG’s total debt outstanding as a price of producing the GDP.
The second concept is Propensity, such as Marginal propensity to consume, with an adjustment for
PNG’s GDP and Total debt outstanding.
The data were sourced from the Bank of PNG long-term data on GDP and Total debt outstanding for
different periods.
RESULT:
The results of the calculations are shown in table 1. There are total of 11 Columns. They are described
below.
Table 1 Estimates of PNG's Gross Domestic Product, Total Debt Oustanding, Debt Elastcity and Debt Propensity between 1990 - 2014

Year

GDP
(In 1988 prices)
(K Million)

Total Debt
Average
GDP

Change of GDP/
Average GDP

Change of
GDP

(K Million)

Change in Average Total Debt

Debt Elasticity

Debt Propensity

Average

Change in Total Debt

(Change in Total Debt/

Total Debt Oustanding

Outstanding

Average Total Debt)

Change of Debt/ Average Debt)

by GDP)

0.00000000
0.05328348
0.07643182
0.08354705
0.10785714
0.11601950
0.10523145
0.07134884
0.06814534
0.10872176
0.11486064
-0.04503834
0.10278966
0.09863589
0.00731641
-0.01606390
-0.02433146
-0.01545603
-0.07548789
-0.00573560
0.05672678
-0.02020127
0.00102854
0.11520364
0.14921430
0.01629510
-0.64000994

0.00000000
-0.37447401
0.72716101
0.91385571
0.67477543
3.20831649
-0.22133178
0.59099840
-0.65228693
0.27247102
0.10660957
0.37272832
-0.00299283
0.13128319
3.82420595
-0.23051133
-1.02804782
-0.95863231
-0.23384106
-5.28757544
0.06548867
-2.86989146
60.42266164
0.27776900
0.29639280
4.98614671
-0.06756998

3.188908146
3.640462821
3.799992234
3.923759168
4.040287438
2.201259488
2.667577377
2.813870218
3.46848297
4.001550566
4.326594032
4.50755817
5.354147311
5.846699724
5.598068441
5.415707727
5.05089737
4.700445422
4.241369803
4.147684211
4.326373626
3.861142857
3.771681034
4.50307377
4.969541985
3.804824934
6.196551151

1989
2423
3599
0.673391
2423
5000
7728
0
1990
2351
3639
-0.019953
-73
5456
8558
456
1991
2575
4041
0.055578
225
6204
9787
748
1992
2932
4664
0.076350
356
7165
11503
961
1993
3465
7332
0.072779
534
8675
14000
1510
1994
7733
11467
0.372227
4268
10650
17023
1975
1995
7467
11446
-0.023291
-267
12746
19918
2096
1996
7960
11687
0.042167
493
14344
22397
1598
1997
7455
11357
-0.044450
-505
16106
25857
1762
1998
7804
11778
0.029624
349
19501
31227
3395
1999
7948
11825
0.012245
145
23451
34390
3950
2000
7753
11628
-0.016787
-195
21877
34948
-1574
2001
7750
11702
-0.000308
-4
26142
41493
4265
2002
7905
12032
0.012949
156
30701
46221
4559
2003
8252
12402
0.027979
347
31039
46198
338
2004
8299
12612
0.003703
47
30317
44946
-722
2005
8625
13037
0.025014
326
29257
43565
-1060
2006
8823
13357
0.014817
198
28616
41473
-641
2007
9067
13817
0.017652
244
25713
38457
-2903
2008
9500
14278
0.030327
433
25487
39403
-226
2009
9555
14805
0.003715
55
27832
41339
2345
2010
10500
16300
0.057975
945
27013
40542
-819
2011
11600
17700
0.062147
1100
27058
43752
45
2012
12200
18750
0.032000
600
33387
54938
6329
2013
13100
20350
0.044226
900
43101
65101
9714
2014
14500
17231
0.081250
1400
44000
55170
899
Average
5462
8232
0.0432455
382
22,339.92
33,843.34
-21660
* Estimates; Total debt for 1989 and 2014 were estimated by author.
Source: Bank of PNG quoting National Statistical Office, Various periods
For Government expenditure, data from 1977 to 1983 and from 1995 to 1999 and 2007 to 2013 are actual.
The rest are estimates by interpolration. For National income data from 1977 to 2006 are actual. The rest are estimates

(Change of GDP/Average GDP all divided by (Average Debt divided

Source: Gipe November 2014

DISCUSSION:
Colum 2 shows PNG’s total GDP. The analysis starts from column 3 of table 1. It shows the average
GDP between 1990 and 2014. It is moving two years average. Columns 4 and 5 show further analysis:
change of GDP and also change of GDP divided by the average GDP.
Colum 7 shows PNG’s total debt outstanding. The analyses of debts are shown in Columns 8 and 9 of
table 1. It shows the total Public debt outstanding between 1990 and 2014.
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As with GDP, it show a moving two years average of debt. Columns 8 and 9 show further analysis:
change of Total debt outstanding and average total debt outstanding divided by average total debt.
Final Columns:
Column 10 shows PNG’s debt elasticity. Apart from 2003, 2011 and 2014 debt elasticity has been low
or negative. These results imply that PNG may have not efficiently used her debt relative to GDP
changes.
Colum 11 shows PNG’s debt propensity in the period. It appears that there has been a rise of debt
propensity between 1990 and 2011. Between 2011 and 2004 it remains relatively high. Then the debt
propensity seemed to be falling somewhat.
CONCLUSION:
It is shown by the results that PNG’s debt elasticity might be indicating an inefficient use of PNG’s
Total debt, in the period of study. It is shown by the results that PNG’s debt propensity has risen to
2001, remains high until 2004 and has begun falling. It is apparent that there is an inefficient use of
the Total debt outstanding of PNG. This may imply a number of implications. First, it could imply,
there are bad macroeconomic managers of Total public debt outstanding in PNG. Second, it implies
that the PNG government are involved in wasteful use of Debts in economic development. Third, it
implies that government agencies or instrumentalities such as treasury or the Bank of PNG might not
be a good steward of the scares resources of PNG. It is concluded that PNG’s total debt outstanding is
not sustainable in the long term.
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Annex 1 Estimates of PNG's Gross Domestic Product, Government Budget-Expenditure,Expenditure Elastcity and Expenditure Propensity 1977 to 2014

Year

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
Average

GDP
(In 1988 prices) Average Change of GDP/
(K Million)
GDP
Average GDP
1732
1835
1889
1871
1892
1930
2146
2124
2201
2325
2389
2458
2423
2351
2575
2932
3465
7733
7467
7960
7455
7804
7948
7753
7750
7905
8252
8299
8625
8823
9067
9500
9555
10500
11600
12200
13100
14500
6114

0
2779
2824
2817
2857
3003
3208
3225
3363
3519
3618
3670
3599
3639
4041
4664
7332
11467
11446
11687
11357
11778
11825
11628
11702
12032
12402
12612
13037
13357
13817
14278
14805
16300
17700
18750
20350
17557
9159

0
0.036846
0.019191
-0.006461
0.007524
0.012720
0.067058
-0.006574
0.022718
0.035181
0.017799
0.018937
-0.009725
-0.019953
0.055578
0.076350
0.072779
0.372227
-0.023291
0.042167
-0.044450
0.029624
0.012245
-0.016787
-0.000308
0.012949
0.027979
0.003703
0.025014
0.014817
0.017652
0.030327
0.003715
0.057975
0.062147
0.032000
0.044226
0.079740
0.0311484

Change of
GDP
0
102
54
-18
22
38
215
-21
76
124
64
70
-35
-73
225
356
534
4268
-267
493
-505
349
145
-195
-4
156
347
47
326
198
244
433
55
945
1100
600
900
1400
336

Expenditure
(K Million)
Average Change in Exp/
Expenditure Average Exp
241
489
568
630
660
710
788
901
1013
1125
1238
1350
1463
1575
1687
1800
1912
1968
2025
2039
2443
2732
2981
3300
3618
3937
4256
4574
4893
5211
5500
7552
6688
8093
9371
10047
11872
11972
3506

0
773
883
960
1015
1104
1239
1407
1576
1744
1913
2082
2250
2419
2587
2756
2896
2981
3044
3261
3809
4222
4631
5109
5587
6065
6543
7020
7498
7961
9276
10896
10735
12779
14395
15983
17858
13725
5289

Change of
Expenditure

0
0.320434839
0.089165335
0.065057756
0.029521022
0.045006115
0.063456438
0.07986612
0.071321824
0.064430138
0.058721591
0.054021724
0.04994767
0.046466342
0.043438687
0.040781448
0.038803342
0.018854631
0.018461336
0.004477498
0.106039722
0.068352182
0.053855041
0.062362371
0.057027789
0.052533947
0.048696609
0.045381706
0.042489348
0.04001859
0.031123329
0.188325991
-0.080488146
0.109950307
0.088783911
0.042294938
0.102195095
0.007286017
0.05969638

Source: Bank of PNG quoting National Statistical Office, Various periods
For Government expenditure, data from 1977 to 1983 and from 1995 to 1999 and 2007 to 2013 are actual.
The rest are estimates by interpolration. For National income data from 1977 to 2006 are actual. The rest are estimates

Source: Gipe June 2014
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0
248
79
62
30
50
79
112
112
112
112
112
112
112
112
112
112
56
56
15
404
289
249
319
319
319
319
319
319
319
289
2052
-864
1405
1278
676
1825
100
309

Expenditure
Elasticity
0
0.11498687
0.21522866
-0.09931533
0.25488016
0.28262776
1.05676335
-0.08231722
0.31853012
0.54603249
0.30311504
0.35054071
-0.19471307
-0.42941356
1.27946407
1.87217368
1.87559489
19.74195497
-1.26161312
9.41754874
-0.41918551
0.43339551
0.22737413
-0.26918581
-0.00539442
0.24649269
0.57456713
0.08159479
0.58870998
0.37024405
0.56716836
0.16103692
-0.04615538
0.52728784
0.69997922
0.75659172
0.43276093
10.94427278
1.353516425

Expenditure
Propensity
0
0.421158773
0.467271957
0.513214305
0.536343938
0.571824492
0.577322302
0.662444099
0.716051711
0.750428049
0.800755578
0.846717377
0.928511595
1.028900800
1.004630349
0.940102337
0.835877752
0.385437006
0.407703537
0.409667693
0.510946115
0.541064381
0.582626692
0.658934375
0.720908176
0.767152832
0.792805729
0.845929077
0.869353754
0.90232458
1.023050623
1.146947368
1.123443223
1.21700000
1.240905172
1.310081967
1.363206107
0.946546162
0.772831315
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ABSTRACT:
The non-renewable energy is largely used in hotel industry for its operation and customer
satisfaction. The extensive energy consumption is detrimental to the environment as it contributes for
the greenhouse gas emissions that cause climate change. It is essential to reduce the use of energy in
hotels without compromising guest comfort. This paper focuses on the strategies of energy
management in hotels to reduce the cost of operation and for protecting the environment. The simple
energy management initiatives require a change of operational practice, which could be achieved by
minimal cost. The capital-intensive initiatives require capital investment based on the size of property
and customer service. The small, medium and large hotels in Papua New Guinea (PNG) are
recommended to make use of the energy efficiency and renewable energy technologies to sustain
business and help reduce their impact on environment.
Keywords: Energy, management, hotel, operation, environment.
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INTRODUCTION:
The non-renewable fossil fuel is the primary source of energy relied by the hoteliers in Papua New
Guinea (PNG). This resource supplies electrical energy for most of the activities performed in hotels.
The electricity is substantially used in hotel industry for providing a variety of facilities and services
to meet the diverse requirements of customers. A significant amount of energy is consumed by
catering; heating, ventilation and air conditioning (HVAC); housekeeping; lighting system and office
equipment. The cost of hotel operation is becoming high since there is an increased demand for
electricity to provide modern guest comforts and services. The excessive electricity consumption has
impact on environment and is believed to be a major contributor for climate change. The climate
change is a result of burning of fossil fuels for energy that emit greenhouse gases (GHG). The climate
change increases the risk of floods, droughts and hurricanes that affect the biodiversity, water
resources and human health. It is now crucial to reduce the GHG emissions by decreasing the amount
of energy used from fossil fuels. The fossil fuels are limited and depleting faster than new ones are
being formed. The quality of human life relies on affordable sustainable energy. To assure a
continuous flow of energy and operate business at minimum cost the small, medium and large hotels
are encouraged to conserve electricity by practicing green technologies. Green technologies include
use of energy efficiency and renewable energy to alleviate industry’s impact on the environment.
Energy efficiency means using less energy for hotel operation without compromising standard guest
service. Energy efficiency saves energy costs, decreases GHG emissions and enhances the corporate
reputation for reduced footprint on environment. Renewable energy is produced from sources such as
wind, solar, bioenergy, hydropower, and geothermal. The renewable energy sources generate
electricity straight from the natural environment without causing any damage to the surrounding. It is
an alternative to achieve sustainable energy at low cost for hotel operation and preserve the quality of
environment.
The energy management in hotels is the practice of controlling the consumption of electricity required
for the delivery of products and services to customers. The power utilization can be lowered by
adapting strategies such as change of organizational practice with low or no cost; implementation of
energy efficient technologies that require capital investment; and encouraging guest to consume low
power in all their activities in hotel building towards supporting the efforts of hotel in minimising
their GHG emissions. Traditionally energy efficiency has been focussed on the reduction of energy
consumption for lowering the operational cost to deliver the same level of service. However it is
internationally recognised now that energy efficiency could also increase the production or service for
the low level of energy use.
Change of practice in hotel operation
The electricity is considerably consumed by lighting, space conditioning (heating and cooling),
housekeeping, and kitchen in general hotel operating system. Lighting creates a comfortable, safe,
relaxing and enjoyable environment for both staff working on premises and guests stay in hotel
rooms. Depends on the size of establishment the lighting consumes 20 percent to 30 percent of total
electricity consumption of the hotel building. Hoteliers to enhance energy performance must monitor
the lighting requirement of the facilities and amenities offered. A number of general best practices
and measures can be applied for reducing energy consumption. These practices do not require large
investment; yet bring noticeable improvement in energy management. One of the easiest ways to save
energy is to turn off lights in unoccupied areas. When the service areas such as employee lounges,
housekeeping closets, storage rooms and walk-in refrigerators are unoccupied even for a few minutes,
turn off light to save energy over the long run. The common areas must be vigilant around the clock
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when lighting is unnecessary or natural light is enough to turn lights off. Mark clearly the light
switches indicating the areas they control so they can be used selectively. The lighting controllers
such as timers and photocells used in public areas should be well maintained and properly set for
efficacy. The housekeeping in guest rooms and hotel premises may be carried out during day hours to
make use of natural light. The housekeepers are advised to open curtains and blinds to allow natural
light into guest room while servicing. They are discouraged to turn on television while cleaning.
Once a room is made up, curtains and blinds must be closed and make sure all lights turned off. Dim
reception and foyer lights when there is minimal activity especially late night and early morning.
Dirty lamps and fixtures reduce the level of lighting by 50 percent. Therefore cleaning lamps and
lighting fixtures regularly is paramount to ensure optimum efficiency. Reduce the number of lamps in
areas where over lighting is apparent and install task lighting where it is needed. Remove the
swimming pool area lighting when not needed for safety and security reason. The exterior lighting
must be turned off during the day.
Different kinds of heating, ventilation and air conditioning systems are used in hotels for guest
comforts. To use energy efficiently it is necessary to regulate temperatures according to the
occupancy level of different zones of the hotel (Hotel Energy Solutions, 2011, p. 29). Keep windows
and doors closed when the heating or air-conditioning equipment is on. The lobby main entrance door
must always be kept closed to prevent the ingress of heat from outside that adversely affects air
conditioning. The amount of lighting at shop should be kept at minimum as the lighting load affects
the hotels cooling system. The equipment such as ventilation, space cooling and heating must be shut
off when not required especially during off-hours or while facilities are closed. Set the timer switches
and thermostats to meet minimum heating, ventilation and cooling loads. Do not keep television,
computers, hair dryers and other appliances near thermostat. The heat from these appliances may
affect thermostat readings and increases the consumption of energy for cooling. The free flow of air
through heating units is necessary therefore obstructions if any should be removed. If air supply is
blocked by furniture or other objects the air-handling units operate longer and thereby more energy is
required. It is possible to avoid situations where air conditioning and heating systems are operating
at the same time by setting heating and cooling systems correctly. The cooling towers must be
serviced regularly to avoid clogged nozzles, and poor pump performance. By regularly cleaning
condensers, intake louvers, evaporator coils and air filters the energy losses caused by dirt or
pipe/duct leakage can be prevented. A routine maintenance checklist may be developed to insure
peak efficiency.
To help set guest room cooling-and-heating equipment, a weatherboard can be installed in
housekeeping area. This should include the day’s temperature, appropriate thermostat settings and
fan-switch positions (Natural Resources Canada, 2003, p. 40). The ceiling fans used in guest rooms
save energy cost by making guest feel comfortable throughout the year. This will enable thermostats
to be set at minimum. In laundry to obtain maximum efficiency, the washers and dryers run only
when fully loaded. The drying tumblers and washing machines must be kept clean at all times. Check
the performance of extractors as incomplete extraction increases load on dryer. It is good to schedule
machine operations at off-peak periods to reduce possible demand charges. When laundry is closed
switch off laundry exhaust fans.
To keep energy consumption at a reasonable level, the kitchen staff should turn cooking appliances
off or reduce to an idling temperature during slack production times or when not needed. The oven,
grills, broilers, fryers and other equipment can be pre-heated before cooking according to
manufacturer’s instructions. However it should not be turned on when not required. Leave
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equipment off until it is needed and turn off immediately when no longer needed. The equipment
should be operated at right temperature to produce quality food. The temperatures set at high to
increase the production during peak hours will intake more energy and destroy the quality of food.
The overloading of equipment should be avoided as it may result in poor food quality. While cooking
select right pot sizes that match with element sizes on ranges. Cover pots and pans to cook faster and
save energy. Do not turn on fans that are positioned directly onto the cooking ranges. Pre-heat
broilers, griddles, and ovens until the surface reached the required temperature to cook food.
Preheating for an extended period of time could alter the food quality and taste. Load and unload
ovens quickly and do not open doors unnecessarily. Keep kitchen appliances clean and establish a
regular maintenance schedule. Turn off the exhaust fans when not required. Use dishwashers when
fully loaded. Avoid over-dry dishes by adjusting power dryers to deliver heated air just long enough
to dry dishes. Regular maintenance is ensured to remove deposits from spray nozzles, tanks and
heater coils. To conserve energy in kitchen refrigeration it is necessary to keep the doors of cold
stores shut all the time. A refrigerator door must seal completely to keep kitchen air out. Organise
refrigerator by keeping food at right place. Do not stack food in front of vents and fans. The shelves
should not be overfilled to allow air circulation throughout. Storing hot food in refrigerator and
freezer is not recommended as it increases the energy consumption. Set refrigerator at 37˚F and
freezer between 0˚ and 5˚F for efficient operation. Check frequently the door gaskets and replace any
torn, cracked and worn out gaskets. Regular check for fans, condensers and compressors is essential
to remove dirt that reduces efficiency. Use strip curtains or plastic swing doors in kitchen to reduce
compressor runtime and save energy. To ensure efficient and safe operation of boilers servicing at
least annually is prudent. The water heating in hotels is required for various purposes such as
guestrooms, kitchen, laundry, public restrooms, janitorial work and swimming pools. In general
water heaters are set to higher level than they need to be. It is good to turn them down to reduce
energy waste (ICF International, 2008, p. 25). A thermostat fit into the hot water tank will enable the
water not to heat more than necessary. If the water tank is warm to the touch consider installing a
tank wrap or blanket to prevent heat loss. The hot water system is to be inspected once a year to
ensure that there is no leaks and build-up of sediments in the system.
Installation of Energy Efficient Equipment
(i) Lighting System
In large hotels the energy used for lighting may add up to 30 percent of total energy consumption. The
lighting is one of the best opportunities for reducing energy cost in hotel facilities. The lighting
technologies offer energy reductions of 40 to 80 percent and paybacks less than three years. The
lighting improvement can be made possible through efficient lighting fixtures and improved lighting
controls. The efficient lighting is obtained by installing efficient lamps and ballasts in efficient
fixtures. Switching to T8 (26mm) fluorescents from most common T12 (38mm) fluorescents will
save considerable amount of electricity and offer a similar quality of light. The most efficient T5
fluorescent lamps with electronic ballasts are ideal for the hotel bathroom, corridor, front office,
housekeeping and kitchen lighting. The high frequency electronic ballasts are 20 percent more
efficient than electro-magnetic ballasts. The inefficient standard incandescent light bulbs can be
replaced with energy efficient compact fluorescent lamps (CFLs). The CFL uses up to 75 percent less
electricity and lasts up to 10 times longer than incandescent bulb. Replacing an incandescent bulb
with a CFL keeps a half-ton of CO2 out of the atmosphere over the life of the bulb. The CFLs can be
used in recessed fixtures, table lamps, track lighting, ceiling fixtures and porch lights. The CFL is
suitable for guestrooms where a degree of lighting is required to perform a number of tasks such as
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entertaining, reading and watching television. The light emitting diode (LED), electroluminescent,
photoluminescent and light-rope exit signs contribute to greater energy reductions and have
approximate paybacks in less than two years. The LED used in exit signs is more popular that
replaces the compact fluorescent exit signs. It provides a high luminous efficacy and can convert
around 80-90 percent of electricity to visible light. It prevents heat build-up and thus reduces the cost
of air conditioning. The LED has no mercury and lasts up to 50 years. The high intensity discharge
(HID) lamps are suitable for both indoor and outdoor lighting due to their extremely high efficiency
and long life. The HID lamp offers energy savings from 75 to 90 percent and provides safe and
inviting illumination. The high intensity fluorescent (HIF) lighting provides better light using less
energy. The improved colour of the HIF lighting also enhances the property, hence considered for
landscape and accent lighting (Fedrizzi & Rogers, 2002, p. 10). It is also excellent for swimming
pools, tennis courts, recreational areas and parking garage. The halogen lights are better than
incandescent bulbs to highlight artwork and other interior design features in lobbies. The halogen
lights require low power and provide a more focussed beam. The decorative halogen lights are
dimmable and thus suitable for ballrooms, conference rooms, restaurants and pubs where low-lighting
level is required. The light output of lamps decreases over time, so consider group re-lamping at the
end of their useful life than replacing a burnt out lamp. It is advisable to replace lamps in groups to
achieve a full light output and reduce the maintenance cost (ICF International, 2008, p. 17).
The lighting control can be achieved through installing key activated lighting in guestrooms;
occupancy sensors in areas where lighting is not required continuously; timer control to turn on lights
automatically when it becomes dark; and lux controllers (daylight compensation control) to turn
lamps off and on, or dim them depending on the amount of day light received through windows. The
application of energy efficient lighting products and controls reduces energy cost in hotel facilities
while offering high quality lighting and low maintenance cost.

(ii) Heating, Ventilating and Air conditioning System
The heating, ventilation and air conditioning (HVAC) system is a major energy user in hotels. The
HVAC uses 70 percent of a hotel’s total energy consumption. It is an area where several energy
saving opportunities are available. The energy efficiency improvement can be made through
installation of higher efficiency chillers, cooling towers, condensing boilers, heaters, and variable
speed drives. The new chillers are 25 to 50 percent more efficient than traditional chillers. They have
improved controls to optimize the chiller efficiency. A water-cooled turbo compressor fitted with
variable speed drive (VSD) can improve energy efficiency by up to 400 percent. Use a different size
or capacity of chiller based on the load conditions. The electro-mechanical expansion valve should be
replaced with modern electronic valve to improve efficiency by around 15 percent. The larger
cooling towers result in higher chiller efficiency. A variable speed fan installed in cooling tower will
operate the system efficiently using less fan energy. The condensing boilers used for heating hot
water are about 30 percent more efficient than older boilers. These boilers operate very efficiently at
low loads. The thermal insulation of boilers helps keep water hotter for longer especially during
winter. The high efficiency hot water heaters use much less energy to heat water for kitchen, pool and
guestrooms. The VSDs installed in hot water pumps will reduce pumping energy during periods of
low hot water use. The old inefficient motors on all pumps and fans should be replaced with premium
efficiency motors. The smaller motors operate more efficiently than the oversized motors. The VSDs
used in efficient motors can save half of the total energy consumption. The high performance
lubricants used on motors can reduce energy costs by 5 percent. The installation of automatic controls
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will increase the life span of motors. The automatic controls can be able to reduce the speed of the
motors or even switch off during slack hours. The desiccant HVAC system is a valuable tool in space
conditioning options. It lowers the humidity levels in the spaces and improves indoor air quality. It
also improves ventilation rates and removes air pollutants (Fedrizzi & Rogers, 2002, pp. 18-21).
The heat pump can be installed to dehumidify the indoor pool area and simultaneously heat pool
water. By installing solar water heating panels a significant pool heating energy can be saved during
summer. A cover installed on heated swimming pool for night hours reduces heat loss. The Sensor
Stat is a device that turns off HVAC equipment in unoccupied guestrooms. This device saves energy
significantly while maintaining guest comfort. Consider heat recovery ventilators (HRVs) and energy
recovery ventilators (ERVs) when air is continuously exhausted and make-up or ventilation air is
required. The HRVs and ERVs are energy efficient that meet all ventilation needs. The double-glazed
windows reduce the cooling and heating load of the building. The installation of sun protectors may
also be considered to keep a hotel cool and comfortable in addition to air-cooling system that has
strong impact on guest comfort. A central air-conditioning system is better than individual room units
as it helps hotel operators to control set-points and monitor performance. If individual thermostats are
set in guest rooms, limit the temperature range to avoid extreme temperatures. The efficiency controls
such as electronic thermostats and computerized energy management systems reduce energy
consumption in HVAC systems. The electronic thermostats are used to adjust the temperature
depending on programmed occupancy periods. The computerized energy management systems are
able to control energy use based on occupancy, weather and time of day.

(iii) Building Envelopes
The building-envelope improvements such as the high efficiency windows, doors and insulation avoid
heat loss and infiltration. In winter heat loss occurs through windows, whereas in summer overheating
takes place by glass surfaces of windows. The installation of thermal insulated window keeps the
hotel warm while reducing the heating costs. The type of glazing and frame may also be given
priority to protect the building from extreme temperature. The standard inefficient single-pane glazing
should be replaced with double or triple pane glazing. The energy efficient tinted glazing, reflective
glazing, spectrally selective glazing and insulated glazing with inert gas between the layers can also
be considered. The solar glazing and reflective film inside existing windows are more cost-effective
with approximate paybacks in three years. The energy efficient wood and vinyl frames are better than
aluminium. The conventional windows should be replaced with day lighting panels for diffusing light
throughout the space and reduce glare In summer the amount of heat entering rooms through sunlight
could be reduced by using window coverings such as shutters, shades and draperies (Natural
Resources Canada, 2003, p. 30).
The energy efficient well-insulated revolving doors installed in hotel lobbies assist in keeping wind
and weather out of space. Periodical checking of doors is necessary to ensure there are no leaks along
their edges and bottoms. Using energy efficient foam should seal the air leaks and cracks. The large
areas could be caulked by stuffing fibreglass or glazier’s foam backer rod insulation. The wall, roof
and basement insulation upgrades should be undertaken while renovating the building. The high
quality weather stripping may also be used to keep away the unwanted draft. The sun-shading devices
are necessary for the hotels exposed to sunlight for keeping the building cool and comfortable. The
plastic secondary-door curtains installed inside delivery doors and bays will reduce the energy cost.
The light colour painting on the exterior of the building can help reflect summer heat, ease cooling
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loads and reduce energy consumption. The light coloured roofing materials reduce cooling energy
consumption and extend roof life. A well-designed landscaping reduces the cooling needs by 20
percent to 100 percent. Planting indigenous shrubs and trees around the sunny side of the building
maintains a comfortable indoor air temperature in the hotel building. The swimming pools and
fountains play an important role in cooling space by evaporation. The suitable ground cover for the
surrounding area of the hotel should be chosen to enhance the comfort of the hotel (Hotel Energy
Solutions, 2011, p. 28).
(iv) Office Equipment
The energy efficiency retrofits in office equipment includes flat screen monitors that consume up to
90 percent less energy than traditional CRT monitor. The laptops conserve energy than the desktops.
The equipment with energy star label on it is a highly energy efficient product. The energy star
features on equipment enable the product to power down or sleep when it is not used and wake up
when required (Energy Wise Hotels Toolkit, 2007, p.18).

Renewable energy Technologies
Renewable energy technology has a lower environmental impact than traditional energy sources. The
renewable energy generation systems such as solar, wind, and hydropower can be installed to generate
electricity at hotel buildings. This green and sustainable power reduces the energy bills and
greenhouse gas emissions of the hotels. The solar photovoltaic (PV) panels installed on the roofs of
the buildings generate clean electricity from the sunlight. The hotel electricity network uses up this
electricity through the electricity meter. The cost of a solar PV system varies depending on size, type
of panels, installation type and equipment used (Power Water, 2014).
The solar swimming pool heaters installed in hotels generate hot water using sunshine, which
significantly reduces the cost of pool heating (Department of Energy, 2012). The installation of solar
water heaters depends on factors such as solar resource, climate, local building code requirements and
safety issues. The solar-powered heating is an efficient option for the hotels located in areas that
receive a lot of sunshine. The system works by pumping pool water into the solar collectors, where it
is heated before it is returned to the pool. During summer the solar collectors could also be used to
cool the pool by pumping water into the collectors at night. Some systems include solar controller to
pre-set the water temperature as hotels required. An ideal pool temperature is around 25 degrees
Celsius. A solar thermal blanket can be used to cover the swimming pool to reduce the heat loss
during night.
The heating of domestic water for guest rooms, housekeeping, laundry, catering and other services is
an energy intensive and expensive process. The solar domestic hot water system (DHWS) is a cost
effective solution that helps hotels stay competitive and profitable. The system pumps cool water into
solar collectors installed on the roof of the hotels. The collectors receive sunlight and transfer the heat
to the cool water before it returns to the insulated storage tank. The storage tank holds the hot water
until it is required and supplies hot water still when there is not enough sunlight. The conventional
storage water heater is a part of the solar system that provides backup for cloudy days and times of
increased demand. The average payback time for solar hot water systems is 5 to 6 years. Climate is
important when calculating the payback of an investment in a solar system. A well-maintained
system will usually last over 20 years. The solar domestic hot water technology is used both by the
solar combi systems and solar combi plus systems. The solar combi system uses heat from solar
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thermal collectors to provide solar space heating in winter and domestic hot water all year round. A
solar combi plus system provides both solar space heating, cooling and domestic hot water from a
common solar thermal collectors. The average payback time for solar combi plus system is 10 years
(Hotel Energy Solutions, n.d).
The wind energy is one of the most efficient ways of producing electricity for hotel buildings (Carbon
Trust, n.d). The small wind electric system can lower the electricity bills by 50 percent to 90 percent,
supply uninterruptible power and reduce the cost of having utility power lines extended to remote
locations. Papua New Guinea is rich in wind resource, if used to generate electricity a significant
amount of GHG emissions is reduced. To take advantage of this resource, the wind turbines must be
installed in open sites on sufficiently tall towers. The wind turbines convert the kinetic energy in
wind into clean electricity. A small wind system can be connected to the electric grid through power
provider or it can stand alone as off grid. The small and medium hotels located in rural areas where
power supply is not available can make use of the small wind electric systems. The urban areas have a
poor wind resource that is usually extremely turbulent.
Modern wood heating, as a result of new wood-burning technology is clean, safe, efficient and cost
effective. The biomass wood chip and wood pellet heating systems provide efficient automated space
heating. The wood chips are small pieces of wood such as logging residues, wood wastes, stumps and
roots. The wood pellets are small cylindrical pieces produced from dried sawdust, wood shavings and
straw and biomass crops such as maize, rape and willow compressed under high pressure. The wood
chip and pellet boilers burn wood efficiently, waste little energy and cause less pollution (Hotel
Energy Solutions, n.d).
The micro-hydropower system uses the energy in flowing water to produce electricity. This system
generates up to 100 kilowatts of electricity. In general a 10-kilowatt micro-hydropower system could
provide enough power for the small and medium hotels. A micro-hydropower system needs a turbine,
pump, or waterwheel to transform the energy of flowing water into rotational energy, which is
converted into electricity (Department of Energy, 2012). A turbine can generate electricity
throughout the day that will be sufficient for the small and medium enterprises. A micro-hydropower
system can be a grid connected or off-grid.
The ground source heat pumps (GSHPs) system is an extremely efficient form of space heating and
cooling and can also provide hot water for a hotel building. The system is popularly known as
geothermal heat pumps. It makes use of heat energy stored below the earth’s surface. This heat is
brought to the surface in the form of water or steam and moved through turbines to generate
electricity (Johnston, 2012). It requires a capital investment with a payback period of five to 15 years.
The GSHP system saves energy, and reduces hotel electricity bills and carbon dioxide emissions.
The combined heat and power (CHP) system generates electricity and thermal energy for heating and
cooling in a single integrated system. The other terms used for this system are cogeneration and
combined cooling, heat and power (CCHP). This system is energy efficient reduces GHG emissions
and improves the quality of power. The CHP ranges from micro-to large-scale multi-megawatt power
sources (Hager, 2013).
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Staff training in hotel’s energy saving project
The energy awareness program can be offered to make staff involve in hotel’s effort towards energy
conservation for sustainable environment. This educational program trains the technical and
operational personnel through seminars in the areas of energy efficiency improvements in hotel
operations and renewable energy technologies. This program will encourage the staff to realise their
responsibilities to save energy and reduce their impact on environment.
Guest involvement in hotels’ energy saving project
It is essential to involve guests in hotel’s energy efficiency plan. The hoteliers should let their guests
know that they care for the environment and invite guests to participate in their effort to minimize
their environmental footprint. Guests can also be motivated to reduce energy use through display
signage on energy. Most guests will participate to improve the environmental friendliness of their
stay.
CONCLUSION:
The hotel industry relies on energy for its business operation and customer satisfaction. The large
amount of energy consumed by the hotels has great impact on the environment. To help protect the
environment the small, medium and large hotels in Papua New Guinea are advised to change their
operational practice by adopting simple means to conserve energy and make use of the renewable
energy. The renewable energy reduces the reliance on fossil fuel, lowers energy bills, minimizes the
GHG emissions and provides clean sustainable energy. To obtain electricity continuously from the
renewable energy either a grid connection or a battery bank can be installed to provide backup and
power storage when natural resources are limited or unavailable during off-hours. The hotels can also
motivate their staff and guests to take part in energy efficiency plan by showing them through
promotional stickers that they are environmentally conscious.
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ABSTRACT:
Smallholder agricultural production is recognised as a globally significant contributor to food
security and livelihoods of rural farming communities. However, in Papua New Guinea (PNG) the
contribution of smallholder farming to economic growth from the grassroots level remains
unrecognised in the implementation of strategic plans. Poultry and pigs are two major animal
proteins in PNG and consumption is rising. While importation of meat and eggs provides cheaper
products at urban centres this is also an opportunity for local farmers to gain from selling livestock
products to the growing markets. In addition, in-land fish farming has gained popularity in many
parts of the country where it is expected to provide a cheaper source of household protein and cash
income. Feed is the major cost in livestock farming and providing the appropriate cost effective
nutrition for different classes of livestock is a technical challenge being addressed by projects at the
National Agricultural Research Institute (NARI). Using the major local feeds, sweet potato and
cassava, to farm pigs, poultry and fish is technically feasible, provided the feed rations are formulated
with other ingredients to balance essential amino acids and micronutrients, which are lacking in the
root crops. Moreover, the practical and economic implications of value chains, which supply feed to
farms and food from farm to fork, suggest that small-scale production of feed and livestock may be
more competitive at District or Provincial level than in large-scale enterprises. Experience on village
and peri-urban farm settings demonstrated that local pig and poultry production may become more
profitable when provided with suitable facilities, such as mini feed mills, local slaughter houses,
transport services and packaging and freezer operators. Experience at community run mini-mills
demonstrated that small-scale production was feasible within limitations determined by the market
and socio-economic constraints. The research lessons were instructive and should be given proper
attention when planning for agricultural development.
Keywords: Pigs, poultry, fish, local feeds, sweet potato, cassava
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INTRODUCTION:
Sweet potato (SP) and cassava are globally important root and tuber crops that play a significant role
in maintaining food security and enhancing human nutrition, providing income earning or cost saving
options, as well as mitigating the risks of climate change to smallholder mixed crop-livestock farmers
(FAO, 2012). While the two crops remain as important staple foods to smallholder farming
households in developing countries of Africa, Asia, Southeast Asia and the Pacific, their use as a
convenient livestock feed has increased in recent times (Scott et al., 2000). Smallholder agricultural
production is recognised as a globally significant contributor to food security and livelihoods of rural
farming communities. In Papua New Guinea (PNG) the traditional dual purpose use of sweet potato
and cassava is an advantage to village and smallholder farmers producing poultry, pigs and fish,
where excess harvest and waste forage is converted from a relatively cheap feed resource into more
valuable food protein as meat and eggs (Ayalew, 2011). However, the contribution of smallholder
farming to economic growth from the grassroots level remains unrecognised in the implementation of
strategic plans.
Ongoing research at the PNG National Agriculture Research Institute (NARI), under the mandate to
promote smallholder farming, is aimed at adapting existing and viable new methods of production,
supply, storage and processing of SP and cassava for human food and animal feed. SP and cassava are
valuable garden crops for the majority of village farmers (Bourke and Vlassak, 2004; Bourke and
Harwood, 2009) and real economic gains may be achieved by the use of adapted technologies which
enable efficient processing and storage of the perishable crops as flour, starch, dried chips, milled and
preserved feed apart from the existing local market for the fresh produce. Potential avenues are
available to improve the use of the abundantly produced root crops as food and feed products.
However, there is a recognised need to enhance production and supply chains and establish economies
of scale based on household and smallholder objectives together with an appropriate agricultural
development rationale (Moat, 2012).
One such avenue is being investigated in major collaborative projects (ACIAR, 2010; http//:
aciar.gov.au/project/asem/2010/053) by NARI, the South Australian Research and Development
Institute (SARDI) and the Australian Centre for International Agricultural Research (ACIAR). Feed is
the major cost in livestock farming and providing the appropriate cost effective nutrition for different
classes of livestock is a technical challenge being addressed. Poultry and pigs are two major animal
proteins in PNG and consumption is rising (Gibson, 2001). While importation of meat and eggs
provides cheaper products at urban centres this is also an opportunity for local farmers to gain from
selling livestock products to the growing markets. In addition, in-land fish farming has gained
popularity in many parts of the country where it is expected to provide a cheaper source of household
protein and cash income.
This paper summarises some of the key lessons learned from the research. Experimental and farm
based trial results are used as examples of possible outcomes while outlining specific technical,
practical and economic advantages and disadvantages of using SP and cassava under PNG’s
predominantly small-scale agricultural food-feed production and supply chains. It is anticipated that
increased utilization of the root and tuber crops will be an advantage to the current local production
systems by diversifying and sustaining their marketability as food and feed products. This will deliver
a collective gain for village farming households, smallholder farms and small to medium enterprises
supplying agricultural needs, feeds and foodstuffs.
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Technical findings: sweet potato and cassava as food and feed products
1.0. Feeding value of sweet potato and cassava to poultry
1.1. Apparent metabolisable energy
Sweet potato (SP) and cassava were combined with broiler finisher concentrates as complementary
energy sources of high and low energy, respectively. The formulated diets met the critical dietary
requirement of metabolizable energy (ME) providing values as high as 15.39 MJ/Kg and 15.87
MJ/kg, for SP and cassava respectively (Table 1). These ME values were higher than standard
commercial finisher diets which in this case was 11.30 MJ/Kg (Dom and Pandi, 2011). The nutritional
specification for finishing broilers of the ROSS 308 strain is 13.40 MJ/Kg. Broiler bird performances
on the SP and cassava diets were not significantly different to those on the standard finisher rations.
Broiler birds attained the target market weight of over 2 kg from week 5 (Pandi et al., 2011), two
weeks short of the expected growing period. Therefore, SP and cassava may be used as alternative
energy sources to replace cereal grains for finishing broilers.
1.2. Growth and feed conversion
Farmer evaluation trials showed that daily weight gain and feed conversion ratio (FCR) of ROSS 308
strain broiler birds fed 50% cassava (50CASS + 50 HEC) and 50% SP (50SP + 50 LEC) diet were not
different from a Control broiler finisher feed (Table 2). The results confirmed that birds fed sweet
potato and cassava blended with high and low energy concentrates converted feed efficiently and
were able to reach market weight of 2kg or more at 42 days of age. Based on these results sweet
potato and cassava were promoted as potential energy sources for finishing off broiler chickens as a
cost effective option for farmers trying to reduce feed costs. The implications of this improved broiler
bird performance on locally made feeds extend to raising strains of dual purpose meat and egg laying
birds; e.g. Australorps, Village Chickens and their crossbreeds. The deciding factors appear to be the
market popularity of the type of meat bird and the meat quality characteristics they developed. For
example, most Asian consumers prefer Village Chicken type birds while at Finschaafen and at a
number of Highlands trial locations, farmers and consumers were more impressed by the meat quality
and yellow shanks in birds, probably as a result of carotenoids in local ingredients included in the diet,
e.g. from ‘green leaves’, copra meal and SP, or as in various crosses of Village Chicken genotypes (F.
Besari, Pers. Comm.).
Table 1: Summary of AME values of feed and broiler production from day 21 to 28 collated from
bioassays in 2003 (Adapted from Glatz, 2007).
AME of feed
Weight
Daily intake/bird Feed conversion
Feed sources
(MJ/kg)
gain/bird/day (g)
(g)
ratio (FCR)
d
b,c
Sweet potato tuber
15.39
38.1
82.4
2.2c
Cassava root
15.87
41.4c,d
79.5c
2.0c,d
d
c
Sago
15.02
34.1
76.1
2.3c
Wheat
12.63
53.0b,c
87.6b
1.7d
Sorghum
12.76
48.0c
85.0b
1.8d
Soya bean
10.82
54.0b,c
83.3b,c
1.5d,c
Copra meal
15.01
36.5d
76.6c
2.2c
Pyrethrum marc
13.63
35.5d
75.4c
2.2c
Flame broiler starter
11.06
39.0d
92.6b
2.0c,d
Flame broiler finisher
11.30
44.3c,d
85.4b
1.7d
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Means with the same superscript within a variable are not significantly different (P>0.05) from each
other.
Table 2: Growth performance of ROSS 308 broiler birds on finisher phase (Day 21 to 42) fed blended
diets of SP and cassava with low (LE) and high (HE) energy concentrates

Parameters

Control

Treatment means
50SP +
50CASS + 50
50 LEC
HEC

70SP + 30
LEC

F pr.

CV
%

Lowlands broiler feed trial
Body weight (kg)
2.72
2.34
2.38
1.79
0.001 3.1
†
Weight gain (kg)
0.712
0.54
0.52
0.33
0.043 15.7
Feed intake (g/day)
1.44
1.24
1.21
1.06
0.201 11.2
Feed Conversion
2.04
2.30
2.06
3.67
0.007 9.7
Ratio
Highlands broiler feed trial
Body weight (kg)
2.72
2.28
2.08
1.51
0.001 2.5
†
Weight gain (kg)
0.74
0.55
0.52
0.36
0.045 15.4
Feed intake (g/day)
1.51
1.35
1.39
1.35
0.188 4.6
Feed Conversion
2.07
2.47
2.69
3.79
0.006 8.0
Ratio
Means with a common superscript is not significantly different at P>0.05. †Weight gain 21 days after
starter phase.
Source: Onsite trial reports-ACIAR LPS/2005/094 Project.
2.0. Feeding value of sweet potato and cassava to growing pigs
2.1. Digestibility of nutrients
SP and cassava roots and foliage are well studied when fed to pigs in raw form (Rose and White,
1980; Lai and Rodriguez, 1997), cooked (Ochetim, 1989; Dom and Ayalew, 2009a,b), dried and
milled (Wu, 1980; Ospina et al., 2004), and ensiled (Giang et al., 2004; An et al., 2004). Both root
crops provided very high digestible energy while other ingredients such as soybean meal; fishmeal
and meat meal provided the required protein. Micronutrients and essential amino acids were supplied
according to the nutrient requirements of pigs. There was high digestibility for all nutrients with tested
diets of SP roots as boiled roots with fresh vines (SPctfv) or as an ensiled mixture of root and vines
(SPwou), when both forms were blended with only 50% of commercial Pig Grower feed as the
protein component and fed to Landrace-Large White x Duroc grower pigs (Tomita et al., 1980; Dom
and Ayalew, 2009a, b) (Table 3). Additionally, Nitrogen retained as a percentage of N-intake and Ndigested also appeared to be advantageous for SP blended diets compared to the standard feed without
SP (SPnil), thereby indicating effective conversion of feed protein to body growth (Giang et al., 2004;
Dom and Ayalew, 2009a). Cassava also provides high nutrient digestibility (Ly et al., 2001). In ongoing experiments at NARI’s Labu Station, commercial genotype pigs displayed similarly high
digestibility performance for cassava either as boiled or milled or ensiled roots blended with a novel
protein concentrate (Dom et al., 2014a). In previous experiments the existing standard Pig Grower
feed was used as a protein supplement but, in the latest research trials, a protein concentrate, dubbed
PNG Pig Conc.1, was formulated to perfectly complement nutrient deficiencies in cassava and SP
roots. Preparation of the roots as boiled ensiled or milled preparation also reduced feed anti-nutrients,
such as tannins and phytates, cyanide in cassava, and dietary fibre (Cardoso et al., 2005; Teka et al.,
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2012). Use of Pig Conc.1 maximised the amount of local root crops (55%) and protein concentrates,
such as fish and meat meal, and effectively reduced the total amount of imported wheat products
(91.2%) required in pig feeds.
2.2. Growth and feed conversion
On-station and on-farm pig feeding trials have been conducted on a small-scale at different locations
in the lowlands and highlands. SP silage mixed with Pig Grower at 50 and 75% of the ration, or with
high and low energy poultry concentrates, at 28 and 30% respectively, enabled improved
performances in local mixed genotype pigs (Dom and Ayalew, 2010a,b; Dom et al., 2011a,b, Dom et
al., 2014b). The growth performance results of two pig feed trials are summarized and compared with
the literature in Table 4. There is convincing evidence that SP and cassava can replace wheat and
maize in rations fed to pigs. Compared to the commercial Pig Grower feed, mixed rations of ensiled
SP roots and vines and Pig Grower resulted in lower growth rates and feed conversion for mixed
genotype pigs kept on-station (Dom and Ayalew, 2010a) and on-farm (Dom et al., 2010).The results
were comparable to reported work in other countries. However, it must be noted that substituting Pig
Grower disadvantages pig performance regardless of digestibility because of the lowered nutrient
levels in the resulting diets, as the commercial feed is designed to be a standalone feed providing all
the nutrient requirements of growing animals. More recent research using specifically formulated
concentrate, Pig Conc.1, blended with SP and cassava has shown improvements on this nutritional
deficiency (Dom et al., 2014a). On the other hand, the reported growth rates and feed conversion
efficiency may be significant advantages for village and small-scale piggeries where pigs may
otherwise take longer to reach finish weight, or maintain productivity, when farmers are unable to
maintain an even plane of nutrition due to feed shortages and rising feed costs.
Table 3: Digestibility of nutrients and N balance in SP diets fed to grower pigs

Diet

DM

OM

NFE

SPnil

86.5
5

89.95

SPctfv

90.6

93.68

SPwou

87.5
3

91.43

Ash
68.
8
72.
4
68.
3

CP
(or N)

EE

CF

NDF

Nretained
(g/d)

% Nintak
e

% of Ndigested

80.2

-

72

-

28.6

60.7

75.3

80.3

-

75.3

-

20.3

60.7

75.3

74

-

67.8

-

11.8

49.4

65.8

83.
34.3
1
SPM50
76.1 79.8
67.8
47
57.2
9.8
39.8
SPS50
78.1 83.2
67.7
48.6 56.7
7.5
38
SPnil = maize + soybean standard feed, SPctfv = sweet potato cooked tuber (roots) and vine, SPwou =
sweet potato roots and vine silage made without urea (Dom and Ayalew, 2009a); 50CMR cassava
root meal replacing 50% of maize (Tzudir et al., 2012); SPM40 sweet potato root meal replacing 40%
of maize (Giang et al., 2004). DM = Dry Matter, OM = Organic Matter, NFE = Nitrogen Free
Extracts (estimate of carbohydrates), Ash = mineral content estimate, EE = Ether Extracts for fats,
CF= Crude Fibre, NDF = Neutral Detergent Fibre.
50CMR

79.8

81.8

87.00

-

81
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Table 4: Growth rate and feed conversion in grower pigs for SP and cassava based diets
Diets
Start weight(kg)
Finish weight (kg)
ADI (g/day)
ADG (g/day)
FCR
STDPG
27.1
68
1694
730
2.33
SPctfv
22.9
51
1553
502
3.09
SPS50%
28.8
59
1190
540
2.21
SPS75%
23.8
55
1800
634.1
2.84
SPS(ad lib)
18.3
55.3
1329
398
3.33
HESPS
19.9
55
2545
615.2
4.28
LESPS
21.3
57.3
2513
634.9
3.99
SPS40
15.8
53
423
2.67
SPM40
15.5
52.1
416
2.70
50CRM
424
STDPG = standard Pig Grower, SPctfv = sweet potato cooked tuber [roots] and vine, SPS50% = 50%
SP root and vine (1:1) silage with 50% Pig Grower (Dom and Ayalew, 2010); SPS75% = 25% SP
root and vine (1:1) silage blended with 75% Pig Grower (Dom et al., 2011a); SPS(ad lib) (Dom et al.,
2010a); HESPS = High Energy Broiler Concentrate + SP silage, LESPS = Low Energy Broiler
Concentrate + SP silage (Dom et al., 2014a); 50CMR cassava root meal replacing 50% of maize
(Tzudir et al., 2012); SPM40 sweet potato root meal replacing 40% of maize (Giang et al., 2004). DM
= Dry Matter, OM = Organic Matter, NFE = Nitrogen Free Extracts (estimate of carbohydrates), Ash
= mineral content estimate, EE = Ether Extracts for fats, CF= Crude Fibre, NDF = Neutral Detergent
Fibre.
3.0. Inland fishery
Growth, feed conversion and pond yield
Nutrition plays a critical role in fish production and has a direct influence in fish growth and health
(Delbert and Gatlin, 2010). Like all other livestock, fish require balanced diets for their growth and
body maintenance. Farming fish requires an understanding of body requirements of fish and
formulating balanced diets of energy, proteins and vitamins and minerals to satisfy their metabolic
needs. Feed requirements of fish vary in quantity and quality according to their feeding habits and
digestive anatomy as well as their size and reproductive state (Gonzales and Allen, 2006). Fish can
source their feed directly from pond, from supplied feed or a combination of both. In PNG there is an
opportunity to use local ingredients such as SP and cassava as energy source ingredients to formulate
in fish diet. SP and cassava diets formulated with poultry concentrates have shown promising growth
in fish.
Growth of juvenile GIFT Tilapia was evaluated on two test diets made by combining a High Energy
poultry concentrate with cooked cassava meal (HEC) and a Low Energy concentrate combined with
cooked SP (LESP) (Sine et al., 2012). Poultry concentrate and ingredients were combined at 75% and
20% respectively, and 5% Palm oil was used to balance each diet (Table 6). Fish were reared in
rainwater and each of the feeds was offered twice daily at a rate of 7% of bodyweight of fish, adjusted
by weekly weighing procedures. There was no significant difference (P>0.05) between the harvest
weights, feed intake or FCR of the different dietary treatments. Growth performance of fish fed on the
HEC and LESP diets over 12 weeks was comparable to a standard fish feed (FISHSTD) sourced from
Goroka Provincial Department of Agriculture and Livestock (Fig. 1). Under good growth conditions
and fish care, cultured Tilapia in nursery ponds can grow from about 1g to 20 and 40g in 5 to 8 weeks
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(Thomas and Masser, 1999). The bodyweight of the mixed GIFT tilapia fed the HEC and LESP feeds
in this trial reached approximately 30g after 8 weeks (Table 5). This value is within the lower range
and may be indicative of the fact that the fish were reared in tanks rather than ponds where other feed
organisms are also available.
Table 5: Ingredients content and nutrient compositions for HEC and LESP diet treatments fed to
GIFT Tilapia
Content
Dry Matter
Crude Protein
Gross Energy
Treatment
Ingredient
(%)
(%)
(%)
(MJ/kg)
HE
HEC
75.0
90.0
42.0
15.1
concentrate
Cassava
20.0
86.5
2.1
14.7
Palm Oil
5.0
90.3
0
16.4
LE
LESP
75.0
90.0
41.5
13.0
concentrate
Sweet potato
20.0
88.0
4.2
14.9
Palm Oil
5.0
90.3
0
16.4
Source: Sine et al. (2012).
Alternatively, the stocking density of 20fish/m3 in our tanks was low. Higher stocking density in tanks
may affect feed intake but not FCR, because fish under stress may not use energy for growth (AlHarbi and Siddiqui, 2000). Stocking tanks with 50fish/m3 or more required higher water exchange
rates to improve water quality and minimize the adverse effects of crowding (Yousif, 2002). Even for
pond raised tilapia stocking above 50fish/m3 resulted in reduced feed intake, growth and feed
efficiency (Yi et al., 1996). On the other hand, stocking tilapia at 50 to 200fish/m3 in fresh water
ponds had no effect on growth rates and feed conversion, when fed twice daily at 5% to 3% of body
weights (Osofero et al., 2009). Better production (harvest) at the second highest stocking density
150fish/m3 was attributed to high crude protein content of the feed, the favourable physicochemical
conditions of the reservoir and the cage design which allowed high feed intake (Osofero et al., 2009).
Open-ponds and cage culture fish farming using improved locally made feeds are yet to be trialled in
PNG.
Table 6: Nutrient composition of dietary treatments, average intake and feed conversion ratio of
GIFT Tilapia
Nutrient composition
Feeding and growth
Treatment
GE
No. of
DMI
Increase in
DM (%)
CP (%)
FCR
(MJ/kg)
Fish
(g/day)
Biomass (g)
FishSTD
92.4
36.8
17.6
4
110.9
30.0
3.27
HEC
89.3
35.5
16.9
4
129.1
40.0
2.97
LESP
89.6
35.5
15.1
4
129.3
39.9
2.86
Grand Mean
123.4
36.6
3.04
SEM
0.83
1.79
0.158
F pr. (0.05)
0.360
0.191
0.167
CV%
55.9
56.3
36.2
Source: Sine et al (2012).
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Figure 1: Mean weekly body weights of GIFT juveniles fed with 3 test diets over 12 weeks (Standard
error bars) (Sine et al., 2012)
4.0. Practical implications: sweet potato food supply chains and feed processing
4.1. The sweet potato supply chain logistics
It was estimated that 3 million tons of SP is produced annually in PNG, three quarters of which is
from the highlands provinces. About 50 to 75% of this total root crop is utilized for direct human
consumption while 25 to 50% is fed to animals (Bourke and Vlassak, 2004). The SP supply chain
from highlands provinces, such as Eastern and Western Highlands, is a major economic activity apart
from production for household consumption. A project aimed at understanding postharvest losses
tracked 10 consignments of SP from the highlands to two major coastal markets of Lae and Port
Moresby as part of a collaborative project (ACIAR, 2006) between ACIAR, NARI, Fresh Produce
Development Agency (FPDA), and the University of New England (UNE). Disease incidence and
severity were evaluated and distances and time of action from one point of the supply chain to the
next were measured in three case studies. From the postharvest perspective the SP supply chain
begins from farmer fields at harvest (Fig. 2) Farmers had agreed that better care during harvest was
important for ensuring marketable roots. Less marketable roots and harvested forage from large SP
crops may provide a large source of animal feed.
SP crop harvesting days are determined by the shipping schedules of two major companies (Bismark
and Consort), the scale of shipment and the availability of road transport. Packing of SP roots into
bags weighing 80-100kg is done in the field before transporting to convenient roadside locations. The
bags are usually over-packed due to the high charge per bag along the supply chain. There are no
formal networks for transporting SP bags and farmers use informal arrangements, often paying for
space on empty containers hauled by semi-trailers or on open-back trucks. In addition, there are no
proper storage facilities all along the supply chain. Therefore, SP bags must reach the wharf on the
day of shipping. On many occasions, further delay in shipping schedules means three to four days of
storage in the open. There have been instances where delays in opening containers at the port of
arrival led to spoilage of the entire bulk produce. Most containers are not temperature controlled or
ventilated. However, recently shipping containers have been modified by cutting vents for aeration.
The benefits of this container ventilation method are yet to be determined.
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4.2. Damage from harvest to packing
Sorting is done in the field to remove insect-infested roots, smaller roots (to feed pigs), and roots
damaged by excessive digging stick stab wounds, and broken roots, which may go to household
consumption. It was found that skinning damage often occurred at harvest and during transport to the
market, but most damage took place during packing. As much as 45 to 83% of roots were severely
skinned during packing (Newman et al., 2011). Curing can reduce skinning. Recommendations have
been made on improved packaging methods and materials but these are yet to be adopted (ACIAR,
2006; http//:aciar.gov.au/project/asem/2006/035).
4.3. Damage during transport and handling
Generally, poor and numerous bag-handling operations by hired carriers caused considerable
breakages in the roots. The size and weight of SP bags made manual handling difficult. In
consignments where root breakages were high 8-54% disease incidences were recorded. Poor
packaging materials combined with bad roads contributed to skinning of roots during transportation.
Different packaging materials and sizes, such as cardboard boxes and plastic crates (20-60kg) have
been trialled, but were found to be either less durable than the polyethylene sacks currently used or
more costly (ACIAR, 2006; http//:aciar.gov.au/project/asem/2006/035).
Long transit delays between each point and lack of storage facilities in the supply chain allow rotting
of damaged material and microbial growth. Physiological damage incidence such as rots and diseases
was 10 to14% at the Lae market, and much more frequent, 57 to 78 % at the long distance Port
Moresby market (Lazar-Baker et al., 2011). Damages were visible on the skin, impairing the
appearance of the roots and hence perceived quality (Irving et al., 2011) however the disease severity
was moderate-to-low, 10 to 25% (Lazar-Baker et al., 2011). The predominant fungal diseases were
soft rot caused by Rhizopus spp., dry rot caused by Fusarium spp., Java black rot caused by
Lasiodiplodia theobromae, and scurf caused by Monilochaetes infuscans. Penicillium spp. was also
often present as secondary infections. The main bacterial disease was soft rot caused by Erwinia (now
Pectobacterium spp) (Lazar-Baker et al., 2011). There was a recognised need to develop quality
descriptors to define locally-appropriate grades for field and market locations (ACIAR, 2011;
http//:aciar.gov.au/project/asem/2011/048).
Animal feed requirements may not be as stringent in terms of some of the quality parameters for SP as
marketable fresh produce. For example broken roots and partially diseased roots may be recovered
during sorting for feed processing (Fig. 3). It is suggested that selling SP for animal feed may provide
alternative markets for off-loading bulk produce before spoilage leads to an economic loss. This
advantageous use of SP need not be confused with the local production specifically for animal feed.
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Figure 2: Flow chart of the Sweet Potato supply from harvest to market with duration and internal
temperature of packed bags (80-100kg)
4.4. Sweet potato food markets
It was estimated that only 1% or 30,000 tons of the total SP production is sold at markets around the
country annually (Chang and Spriggs, 2007), 20,000 tons of which comes from the highlands
provinces. It was also estimated that the volume of SP arriving in Port Moresby may have increased
from a range of 800-1000 to 2000-2,400 bags per week, each bag weighing an average of 90 to 95kg
(ACIAR, 2006; http//:aciar.gov.au/project/asem/2006/035). Market survey data (FPDA, 1992-2009)
showed no particular seasonality of SP supply; however a general rise in price of SP bags was
indicated, with different trends at separate markets. From anecdotal reports prices may fluctuate
widely; for example, at Lae Main Market the price per SP bag ranged between K25 and K140 (or
K0.28-1.50 per kg) and appeared to be influenced by delays in the delivery time. While livestock
farmers may not source SP feed directly from food markets the alternative sale avenue for
unmarketable and excess stock may provide a means of stabilizing lower prices which clearly
disadvantage village based SP growers.
Alternative value added use of SP and cassava as food products include as dried chips, milled flour
and starch and noodles. Processing methods are currently being evaluated for household production of
flour and its derived products, such as biscuits, cakes, buns and fried snacks (EUARD, 2012 and
ACIAR, 2014; http//:aciar.gov.au/project/asem/2014/008). A cassava processing pilot project was
implemented at a local community run mini-mill. Cassava flour was successfully milled and packaged
for sale but the business was discontinued (Agricultural Innovations Grant Scheme H09084). The feed
mill also produced and sold pelletized poultry feed, which eventually became its major business (See
6.0.The Domil Experience). Cassava was supplied to the mini-mill by local farmers who then
obtained processed feed for broiler raising enterprises (Fig. 3). It appears relevant to link the need for
flour processing and for animal feed production at community run mini-mills, where the dual
functions of milling may be economically feasible.
4.5. Sweet potato feed markets
As much as 750,000 to 1.5 million ton of SP roots may be fed to pigs every year (Bourke and Vlassak,
2004). Presumably most of this SP feed is grown and used on-farm, under traditional village livestock
production, particularly of pigs. On the other hand roadside markets for SP feed are notable in the
highlands provinces but these avenues are less studied. In the Western Highlands Province in
particular local pig farmers are known to purchase SP feed from village growers, sometimes on a
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regular prearranged basis. This demand for SP as animal feed provides an opportunity for village
farmers to earn additional income from selling to livestock enterprises. Furthermore, feed buyers
require a larger portion of the crop yield, including SP vines. A number of feed cost assessments from
pig feeding trials have indicated that purchasing SP roots at K0.50 to K1.00 per kg would allow
reasonable profit margins from the sale of grown out pigs at 60kg finished weights (Dom et al.,
2010a; Dom and Ayalew, 2009b). These unit costs for SP roots are within the observed range of unit
cost for food grade SP roots. However, in contrast this SP feed price would be payable at the farm
gate rather than at markets either nearby to or distant from the growing field. There is demand for SP
feed for local small-scale poultry, pig and in-land fish farming. Further investigation of an untapped
SP feed supply chain is recommended.
5. Local feed milling
Feed milling equipment is being adapted and tested under a collaborative ACIAR project (ASEM
2010/053; http://aciar.gov.au/project/asem/2010/053). The project is in part involved with
determining the requirements for storing raw ingredients, appropriate equipment to process
ingredients, power requirements of equipment, how to operate the equipment, maintenance of
equipment and user briefs that provide details on the feed mill set up and operation. A storage facility
for SP and cassava roots is required at the mill site. The capacity of the storage facility depends on the
amount of feed being processed. Storage areas must be waterproof, well ventilated and protected
against infestation by insects, birds, rats and mice. High levels of moisture result in insect infestations
and also cause fungal growth.
5.1. Mill flow-plan
The equipment in the mill is set up so that an ordered set of procedures can be undertaken. This
involves obtaining feed ingredients and premixes, storing the feed ingredients, weighing them,
washing, cutting, drying, grinding, mixing, adding premixes, pelletizing if required, bagging prepared
feed, labelling feed bags, storing feed on site, selling feed to customers and transporting feed to
farmers where required. The equipment used depends on the amount of feed being processed or
whether the mill is only involved in blending commercial concentrates with local ingredients such as
SP or cassava. In PNG this can vary from 100-200kg of feed mixed per hour. Larger volumes might
be required around regional centres where 1-3 tonne mix per hour can be undertaken.
5.2. Processing SP and cassava
In the processing of SP and cassava roots in a feed mill operation the first step involved is to wash the
roots either by hand or to use an inline washing machine (Fig. 3). The next step is to use a flake mill
to chip the roots into a suitable size (length of 2 cm; width of 0.3cm) and then dry under the sun or use
a drum dryer. When the chips have been dried they can be hammer milled into flour and stored for
inclusion as an ingredient before mixing in a pig or poultry diet. The capacity of the inline washers,
flake mill and drying equipment is dependent on the volume of material being processed and needs to
be discussed with feed mill equipment manufacturers.
5.3. Ensiling of SP and cassava
Ensiling SP and cassava roots and forage provides an alternative means of storing the feed nutrients
for long term feeding to livestock, particularly pigs. A separate shed attached to the feed mill can be
used to prepare SP and cassava silage. When the forage components of the crops have reached
maturity they can be wilted to about 40% moisture before being placed through a chaff cutter to cut in
to 3 cm lengths. Whole roots and tubers can be added to the tuber chaff, salt can be added to the mix
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and silage mixed using a horizontal mixer. The final step is to pack the mixture into an airtight plastic
bag and store at pH 4.0 up to 7 months in a secure area associated with the mill operation. When
required, silage can be sent to pig farms for blending with a concentrate mix. The capacity of the chaff
cutter, horizontal mixer and size of bags for storing silage is dependent on the volume of material
being processed and needs to be discussed with feed mill equipment manufacturers.
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Grating

Washing &
Peeling

Soaking or
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Drying
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Packaging

Feeding to
Broiler chickens

Mixing with
concentrate &
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Sealing
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Marketing
Figure 3: Flow chart of a small-scale milling operation for root crops from harvest to market as stored
flour and dry feed, and broiler chicken farming for producing frozen meat (based on Domil
Community Mill)
6. The Domil experience
A study conducted with 50 farmers to identify farmer attitude and knowledge towards the use of mini
mill to produce feeds indicated favourable (88%) and highly favourable attitude (12%) towards the
idea of using local ingredients to formulate feeds for poultry, pigs and fish. Even though farmers
knowledge of utilization and understanding of how the mill, systems and processes of the mill to
provide inputs to the mill were known to only 50% of the farmers, social learning and networking
among Domil farmers was very strong. This participatory community learning bridged the gap
between farmers more knowledgeable about the use of the mini mill and how the mills were operated
and those less knowledgeable. This increased awareness on what was happening with the mini mill
and the new development had a positive effect on farmers’ attitude.
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The recognised benefits of the mill included, a secured bank loan using mini feed mill as collateral,
employment/community policing and security, unity/co-operation among villagers, positive attitude,
purpose and direction, an alternative cash crop introduced (cassava) and the community becoming a
model where farmers maximized the use of their time and efforts. The women were empowered to be
able to sell cassava as an alternative cash crop, since men dominated coffee production. As a result of
the broiler bird farming enterprise, poultry manure was used to improve soil fertility from which an
increased quantity of green and leafy vegetables was produced. And nutrition was improved from the
chicken offal product as a protein supplement to the family. The change in their farming system from
mixed SP-cassava to mono cropping led to high income earning opportunities.
The successful outcome of the Domil mini-mill was also a result of the quality of leadership that was
provided by the management of the cooperative and the focus of the cooperative. On the other hand,
the challenges for the Domil community were, the need for training to farmers on diets and nutrition,
marketing skills and post-harvest and handling skills, maintaining a consistent supply of feed
ingredients into the mill, the lack of appropriate processing equipment for feed formulation and postharvest-processing of birds, the need for improved post-harvest and handling of meat products and
storage, poor infrastructure for storage and marketing, lack of knowledge and skills to negotiate
markets and link up with customers, and an inconsistent supply of frozen meat birds to the market. To
make the industry sustainable, farmers should have strong income earning opportunities wherever
they are. Findings indicated that farmers were willing to spend their money to buy formulated feed
within their community. However, the income level indicated was too low for the farmer’s
expectations to be practical.
The issues in piggery, poultry and inland fish farming sectors seemed similar. However the stages of
growth, performance and support for each sector were not all the same. The needs for poultry
producing groups were totally different from communities with aquaculture projects and likewise for
piggery projects. This called for a specific enterprise strategy in order to fully appreciate and develop
each enterprise.
7. Enhanced use of sweet potato and cassava as poultry feed
7.1. Small-scale broiler raising
A series of on-station broiler grow-out trials led to the identification of the following best-bet diet
formulations, namely, 50% SP plus 50% low energy concentrate; and 50% cassava plus 50% high
energy concentrate (Glatz et al., 2007). It is proposed that when broiler farmers provide their own SP
or cassava tubers then using the energy concentrates affords a major cost saving amounting to a 30%
reduction in feed costs, particularly for small-scale broiler farmers both in the lowlands and highland
region of PNG. Importantly, the improved poultry feeding systems research has now included the
participation of Niugini Tablebirds and Lae Feed Mills to manufacture two concentrate mixtures for
blending with either SP or cassava to provide an energy and nutritionally effective finisher ration
(ACIAR 2010, http//:aciar.gov.au/project/asem/2010/053).
7.2. Small-scale layer farming
The small-scale poultry farming is characterized by semi-intensive and free ranging systems of
indigenous chicken and duck production on smallholder and peri-urban farms. These systems are
regarded as low input–low output, since birds are maintained mainly for savings, ornamental
purposes, as hobbies and for cultural implications. There is no commercial poultry keeping in rural
villages of PNG as village poultry production is primarily for household consumption (Quartermain,
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2000). The main constraints faced by smallholder farms are the rising cost of commercial stock feeds
and the high cost of acquiring commercial day old hybrids. Unlike semi-commercial and commercial
production, most smallholder farmers lack specific management and husbandry skills as well as skills
to improve nutritional status of stock feed to achieve optimum production and reasonable returns.
Commercial layer birds have a drop in egg production when local diet mixtures do not meet
nutritional requirements. In addition, layer production is costly for up to 20 weeks (while birds are
being reared) before revenue from eggs is realized. This is a financial barrier for raising commercial
hybrid layers in small-scale farming. On the other hand, Village Chickens (VC) and their crossbreeds
can improve production when fed on commercial diets. However, the return from feed cost tends to be
unrealistic, predominantly because of the smaller body size and egg size of VC. Also VC are not an
efficient converter of commercial feeds and their attributed feral characteristics mean that they roam
about to find other food.
Under improved management and feeding of VC, layer hens 40% SP or cassava were used as a basal
diet supplemented with 60% of a high or low energy concentrates respectively. SP was washed clean
and boiled while the cassava was peeled before boiling. After boiling, the hot water was removed
leaving tubers to desiccate. The boiled tubers were then mashed and blended with respective
concentrates to balance the nutrient composition in line with the commercial mash (Table 7). Egg
production of 28-week-old VC hens improved when fed on the SP based diet (41.3%) and cassava
based diets (46.6%) and was found to be statistically similar (P>0.05) to hens fed on the commercial
diet (37.0%)(Besari et al., 2013). The egg weights from birds fed on the sweet potato based diet
(51.3g) were similar to eggs from birds fed the commercial mash diet (51.0g).
Farmers in Madang Province engaged in a layer bird-farming project used the cassava-based diets.
The trial showed that there was potential for VC to have good egg production (Solomon et al., 2013).
The farm income was improved from the sale of eggs and also provided a good protein source for the
family. However, this was only possible if good management techniques were applied, adequate feed
was provided and the cassava based feeding method was carried out correctly.
Table 7: Nutrient values of diets fed to Village Chickens
ME
CP
Crude Fat
Crude
(MJ/kg)
(%)
(%)
Fibre (%)
I
HELC+BMSP
12.83ⁱ
15.47
6.06
2.14
II
LELC+BMC
11.63ⁱ
14.57
5.66
4.69
III
Commercial Mash
11.00
16.00
4.00
3.00
i
Estimates, Apparent Metabolizable Energy. (Source: Besari et al., 2013)
Diet Test Diets

Calcium
(%)
2.73
2.76
3.00

Avail. P
(%)
0.47
0.48
0.41

7.3. Village Chickens and dual purpose crossbred poultry
The use of dual-purpose crossbred poultry is an important part of smallholder and semi-commercial
poultry production. In the past the Department of Agriculture programs distributed Rhode Island Red
and Australorp chicken to smallholder farms, which were then maintained by farmers. However, the
remaining stocks are no longer pure breeds but various crosses of latter breeds with VC. Improved
crosses include F1 crosses of Australorp x Hyline Brown, Australorp, F1 crosses of Shaver Brown x
Hyline Brown and Rhode Island Red.
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The current production system for dual-purpose birds involves breeding and hatching of day old
chicks. Males are raised for their breeding potential and meat while females are raised for eggs. Layer
hens are culled and used for meat after the first production cycle. In the second production cycle
between 70 to 80 weeks, culling is necessary to maintain productivity in the flock. After a year of
production, layers are culled and used for meat without exploiting their full inherent potential, which
is possible if allowed to produce eggs in a second production cycle (North and Bell, 1990). However,
a feed using 98% of local ingredients was tested on F1 crosses of Australorp x Hyline Brown spent
layers (aged 77 weeks) and resulted in optimum production performance (Besari et al., 2013). The use
of local feed in the second and the last production cycle maintained profitability even though the egg
production declined.
Alternatively, boiled-mashed SP (BMSP) and cassava (BMC) blended with high energy and low
energy layer concentrate (HELC and LELC, respectively) is feasible for egg production using F1
crossbred VC hens (Ahizo et al., 2013; Besari et al., 2012). The bulking of boiled-mashed cassava
tubers with LELC maintained production at reduced cost on a small-scale table egg enterprise.
Similarly, there were no significant differences in egg production performance and egg weights in F1
crosses of Shaver Brown x Australorp aged 26 to 33 weeks when fed the same cassava based diet
(Pandi et al., 2013). The cost of producing eggs with F1 crosses of Shaver Brown x Australorp birds
was significantly reduced on cassava compared to SP and the commercial diet.
7.4. Producing and blending pig feed
Pigs have a well-known appetite for feed and grower-finisher pigs may perform well on a daily offer
of little over two kilograms of dry feed. When feeding boiled SP and cassava roots this means that
about six to eight kilograms of cooked feed is required to satisfy the pigs appetite. Large animals and
lactating sows would eat more feed. Fermented silage tends to reduce the feed intake of growing pigs
to about three to four kilograms of fresh weight per day, without reducing pig growth performance
(Dom and Ayalew, 2009; 2010. However, for the best pig performances SP and cassava must be
blended with protein ingredients to satisfy the nutrient requirements of pigs. Milling or ensiling feed
and blending daily rations may require mechanisation. The scale of production, either manually or
mechanically determines the level of processing.
7.5. Village pig farms
Village farmers may keep up to five sows productively but some, especially in the highlands
provinces, may keep more. Village pigs are regularly allowed to graze freely, which does not require
any input from the owners other than releasing or tethering the pigs at selected locations.
Alternatively, for more rapid growing or fattening of pigs enclosed housing with additional feed
inputs will improve pig performances. SP and cassava are already major components of pig feed at
village level; therefore it seems reasonable that feed conservation would be an advantage where crops
are continuously produced. However, for many village farmers the additional labour effort to process
animal feed may be a burden that they would not be willing to take on. For example, producing dried
stored feed requires cleaning, chopping, sun drying and milling into meal. Sun-drying alone may be
challenging under the typically wet-humid or cold conditions experienced in PNG, particularly when
the material is bulky and difficult to handle.
A number of key advantages were noted in the promotion of ensiling SP technology. Ensiling fresh
feed requires only a minimum or no sun drying at all and the feed material may be processed as
chopped or grated material without the need for further milling. Processing for ensiling at village level
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may be done by hand using kitchen graters and knives. Blending feed by hand daily would be the
usual chore. Furthermore, fermented silage removes the need for cooking feed and hence reduces the
use of fuel wood. Mixed SP silage fed at about 4kg fresh weight (3kg root + 1kg vine) may not be too
challenging a feeding regime at village level. This level of feeding is similar to the common diet of
boiled roots and fresh forage and means that about the same amount of fresh material needs to be
processed and stored as silage. For fattening one pig over six months this means that about 720kg of
SP material is required. Pathogen tested SP crops may produce about 2kg/m2 of roots and twice that
amount of vine forage per planting (or mound) (E. Guaf, Pers. Comm.), therefore a crop of 7.5
mounds per month would be required for each pig. Ensiling this amount of SP allows the same ration
to be fed without the additional labour effort or land use required by the common method of boiling
SP roots and feeding fresh vines daily.
7.6. Semi-commercial pig farms
Semi-commercial farmers may gain the most advantage from more intensive use of SP and cassava
for pig feed. Due to their predominantly rural location the farmers already have access to SP and
cassava feed, which is either produced on their own land or sourced from nearby gardens and markets.
In addition household labour is more utilised. However, their challenge is obtaining and maintaining
processing equipment and appropriate storage facilities for bulk feed supply. Such farms may have
anywhere between five to twenty sows producing intermittently or, with more adept farmers, in halfyear cycles, which maintains a continuous supply of piglets for growing and fattening. Sale of pigs
tends to be irregular but all classes of pigs are sold; piglets, weaned pigs, growers, fatteners and even
sows and boars.
Pig feeding trials have demonstrated that ensiled SP roots and vine compared to boiled root blended
with pig grower fed with fresh vines improved feed conversion by 15 to 20% (Dom et al., 2009).
Therefore, less feed is required for growth rates of 400 to 500 g/day. That means grower pigs at about
20kg starting body weight will take 120 to 150 days or 4 to 5 months to achieve a finish weight of
60kg. In one on-farm trial six pigs were fattened to 50kg weight in three months, fed a total of 924kg
of SP silage and additional 657kg of Pig Grower (Dom et al., 2009). By the same rationale as above
that means 154 SP mounds provided the feed. It may be estimated that at 1 m2 per mound the SP crop
for fattening six pigs may be cultivated on 154 m2 of land area. By the same rationale a semicommercial pig farmer with half a hectare (5000 m2) of SP crop may obtain up to 30 tonne of fresh
weight or about five tonnes as dry weight of SP mixed root and vine silage for pig feed every three to
four month growing cycle. This volume of feed material requires milling machinery to process and
larger storage capacity. The equipment available for this larger scale of processing is a diesel or
electrically powered flake mill with a capacity of 120kg/hour or about one tonne per day. Blending of
feed components may be facilitated by the use of large mixers similar to concrete mixing machinery,
which are also available locally.
7.7. Intensive small-scale pig farms
Farmers in this sub-sector of livestock production are financially secure, well equipped and relatively
savvy in their business. They tend to have a long-term commitment to farming, ownership of land,
small investments in terms of tools, machinery, buildings and other assets. They also maintain a
number of permanent and hired labourers and purchase feed from manufacturers and local markets as
needed. Intensive small-scale piggeries manage 20 or more sows and would mainly sell finished
stock. Hence their needs for feed supply may be considerably greater. However, the same rationale
applies that given the availability of land the amount of SP or cassava feed that may be provided to
77

Proceedings of RST UPNG Sci. Conf. Nov 2014
piggeries is considerable. For example, one hectare of land may provide up to 10 tonnes of dry feed.
When blended with nutritionally appropriate feed concentrate, such as Pig Conc.1, say at 1kg SP: 1kg
concentrate, this should be sufficient to feed 50 pigs over 200 days (about six months) from weaning
through to finishing stage. Of necessity the milling, storage and blending facilities would need to be
scaled up and our research results on small-scale piggeries are yet to be proven at the more intensive
level of pig production.
7.8. Producing pellet feeds for inland fishery
Fish feed must be made using dry milled products; therefore SP and cassava will have to be milled for
further use. These processing methods involve grating of fresh tubers into chips and dehydrating by
sun-drying or using ovens. The dehydrated chipped tubers are then grounded or milled into cassava
and SP flour. This process does not completely remove moisture but at least 80- 90% of moisture is
removed. The processed cassava and SP is then mixed with other finely grounded dry ingredients
containing proteins and vitamins/minerals to produce a complete diet depending on the requirement of
fish. Milling prepares SP and cassava in similar particle sizes for thorough blending so that all
nutrients are equally available. The required equipment are a weighing scale, grating machine,
grinder, drier (oven or tarpaulin for sun drying), and storage containers or bags.
Another major step in preparing fish feed is pelletizing mixed ingredients into eatable size.
Commercial feed mill operators have pressurized pelletizing machine that produce good quality pellet
feed but for a small farmer wanting to pellet feed from a simple meat mincer require a good binding
agent and right temperature (30-50C°) of warm water to get a good pellet. The cassava floor is a good
binding agent that can be used in pelletizing diets. The materials required to produce a pellet include;
mixer, mincer (mince machine), sieve, warm water, drier, scale, storage container or bag. The
pelletizing steps involve; adding warm water (40-60C°) slowly to the completely formulated mixed
diet and mixing thoroughly to form dough with a cake-like consistency. The moisture level of mixed
feed and warm water should be at 50%. A small batch of mixture should be extruded through the
mincer to see how easily the mixture passes through the die and how the pellets hold together.
Depending on the size of fish, pellets can be made from different die sizes (1-4mm); the moist pellets
should be cut into similar lengths to the closest pellet diameter and carefully oven dried or sun dried.
The dried pellet should be carefully packed into containers or bags and stored in a dry ventilated
storeroom. Feed quality is susceptible to environmental condition such as moisture, light and oxygen
and needs a good storage facility.
Economic aspects: costs, gains and value chains
8. Poultry farming enterprise
Poultry production includes chickens, ducks, geese, turkeys and other fowls, though chickens form the
largest proportion of these (by both numbers of birds and demand for feeds). Poultry production in
PNG can be classified into three different production systems depending on the strain of poultry,
feeding method, management practices and level of investment. There are four distinctly
characterised poultry production systems based on level of input/investment. These production
systems are; 1) large scale commercial farms, 2) medium scale commercial, 3) small scale production,
and the small-scale semi scavenging production systems (Glatz and Pym, 2008).
The large-scale commercial poultry production system in PNG is largely based on broiler chickens
and commercial layers, which are medium scale. However, this sector is dominated by broiler
chicken production due to the high demand for poultry meat (Gwaisuek, 2001). The industry grew
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from the early 1980s under the protection of an import ban and high import tariff, which has recently
been removed. The broiler bird industry has a high level of self-sufficiency in terms of production,
which is fully integrated and characterized by company ownership of breeding farms, hatcheries, feed
companies, contracted out-growers (broiler chicken production) and processing plants. An estimate
of the annual commercial chicken production in 2002 was 17,500 tonnes of frozen meat Glatz et al.
(2010) while Quartermain (2002) estimated an annual table egg production of around 54 million eggs.
This large-scale commercial poultry production system depends largely on manufactured stock feeds
made largely from imported ingredients. Estimated amount of feed used in this system is over 300
000 tons annually (D. Drummond, Pers. Comm.).
The small-scale commercial and the small-scale semi-scavenging production systems can be
collectively termed as the village poultry production system. These production systems have an
estimated 1.5 million chickens kept by 220,000 families producing 1,858 tons of carcass and 6 million
eggs (Quartermain, 2000). The small-scale broiler chicken farmers who are categorised under this
production
system
numbers
around
50,000
families
(ACIAR,
2006;
http//:aciar.gov.au/project/asem/2006/035) who produce around 6 million birds annually to supply the
informal live chicken markets. The carcass weight from live bird sales of broiler chickens is
estimated at 7,000 tons per year (Kohun et al., 2006) giving a value of this sub-sector of K180 million
assuming an average sale price of K30 per bird.
Table 8: Estimated costs and margins from raising broiler birds fed standard broiler feed or blended
Cassava and the SP with Low and High Energy Poultry Concentrate
Standard
broiler
feeds

Estimated parameters in Starter and Finisher phase
Starter phase (1-21days)
Average weight per chick at 1 day (g)
Average weight of 1 bird at 3 weeks old (g)
Average weight gain (21days) per bird (g)
Feed eaten (0-21 days) per bird (kg)
Unit starter feed cost (1-21days) per bird (K)

0.045
0.827
0.782
1.40
3.43
Standard
broiler
feeds
2.70
0.716
1.448
1.498
2.85
3.48
6.91
2.84
13.74
0
50
30.00

Finisher phase (22-42days)
Average weight per bird at 42 days
Average weight gain per bird at 42days (kg)
Feed eaten (21-42 days) per bird (kg)
Average weight gain (1-42days) (kg)
Feed eaten (1-42days) (kg)
Unit finisher feed cost (22-42days) per bird (K)
Unit starter and finisher feed cost (1-42days) (K)
Unit cost of labour per bird* (K)
Unit cost of producing one bird to 2kg** (K)
Mortality assumption rate*** (%)
Number of birds sold (Live)
Unit selling price (K)
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Standard
broiler
feeds
0.045
0.827
0.782
1.40
3.43
CAS50% +
HEC50%
2.31
0.523
0.842
1.305
2.24
0.95
4.38
2.84
11.22
0
50
30.00

Standard
broiler feeds
0.045
0.827
0.782
1.40
3.43
SP50% +
LEC50%
2.36
0.545
0.918
1.33
2.32
0.80
4.23
2.84
11.07
0
50
30.00
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Total Variable Costs† (K)
687.01
560.94
553.40
Gross Income (K)
1500.00
1500.00
1500.00
††
Gross Margin (K)
812.99
939.06
946.60
Benefit-Cost Ratio
2.18
2.67
2.71
*Unit cost of labour per bird was estimated for a total of 40.5 hours at K3.50/hour. **Unit cost of
production included costs of day-old-chicks, feed and labour, while other variable costs were not
included. ***Accounted for expected mortality of two chicks in a box of 52 DOC. †TVC for labour of
three persons for 90 days SP cropping and piggery work at K3.50/hour. ††Gross Margin = Gross
Income – Total Variable Cost. Source: Onsite trial reports-ACIAR LPS/2005/094 Project)
8.1. Small-scale broiler raising
Small-scale poultry farmers raise broiler chickens in batches of 50 Day-old-chicks (DOC) over a 42
day period. DOC’s are fed Broiler Starter crumble up to Day 21 after which the feed is switched to the
Broiler Finisher pellets. Two alternative feeding options, with Cassava (CAS) and SP blended with
Low (LE) and High (HE) energy poultry concentrates respectively, were tested against the standard
broiler bird feeds for raising chickens to market weight (Table 8).
Under smallholder broiler farms where the family member shares labour, it would cost K10.91 to
grow a broiler bird up to 2kg at 42 days (data not shown). But if labour input is considered, one single
bird would cost K13.74 to be raised up to 2kg at 42days using the standard starter and finisher feeds
(Table 8). Using CAS with LE the farmer would spend K11.22 to raise a bird up to 2kg at 42 days
which is K2.50 or 20% less than that if he use the standard feeds.
Similarly, if a farmer decides to use SP with HE it would cost the farmer K11.07 to raise a broiler bird
up to 2kg at 42days, which is K2.70 or approximately 20% less than the cost of producing a single
bird on the standard broiler feeds. Raising DOC’s with the same starter feed and switching rations at
day 22 the gross margins (K946.60) and benefit-cost ratio (BCR=2.71) favoured SP with HE
concentrate, when sold at a flat rate of K30 per bird.
8.2. Small-scale layer farming
The rising cost of stock feed is the main factor causing the rise in the price of eggs in the domestic
markets. High input costs limit market growth in developed countries (Conway, 2012) and PNG is no
exception to this trend as up to 70% of the layer feed ingredients are imported. Cost of stock feed and
pullets are increasing rapidly while all other costs are relatively stable. Reducing the feed costs of
small-scale layer farming is currently being addressed by NARI through the use of SP and cassava
based diets blended with HELC and LELC fed to F1 layer crossbreds and VC.
Recent research has shown favourable egg production performance and reduced feed costs when SP
and cassava based diets were evaluated on-farm. In one example, the feed intake of VC fed a
commercial layer diet had lower feed intake, higher egg production and feed conversion was
improved (Besari et al., 2013) compared to SP and cassava based diets.
However, the price of commercial feed K2.65/kg increased the feed cost per gram of egg. On the
other hand, it was noted that birds fed on the low cost diet (LELC+BMC) had a 40.4% reduction in
feed cost per gram of egg. This result indicated that small-scale layer farmers could use SP and
cassava based diet to maintain egg production performance of VC hens and improve profitability at
the village level.
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Table 9: Feed cost of eggs produced by Village Chickens and Hyline Brown layers fed Boiled and
Mashed SP or Cassava based diets compared to a Commercial layer pellet

Diets

DM Feed
intake
(g/bird/day)

DM feed
cost
(K/kg)

Daily
feed cost
(K/day)

FCR
to
Eggs

Egg weight
equivalent of
intake

Daily
feed
cost per
Egg

Feed
costs
K/g
Egg

Village Chicken genotype
HELC+BMSP
116.7
2.51
0.29
2.28
51.17
0.13
0.14
LELC+BMC
123.0
2.21
0.27
2.64
46.59
0.10
0.10
Commercial
79.0
2.65
0.21
1.44
54.86
0.15
0.17
Hyline Brown genotype
HELC+BMSP
94.8
1.92
0.18
1.70
55.81
0.19
0.12
LELC+BMC
101.8
1.79
0.18
1.95
52.14
0.09
0.09
Commercial
123.5
2.62
0.32
2.17
56.84
0.15
0.16
HELC+BMSP = High Energy Layer Concentrate and Boil-mashed Sweet Potato, LELC+BMC = Low
Energy Concentrate and Boil-mashed Cassava, Comm = Commercial Layer Pellet and DM = Dry
Matter basis. (Source: Besari et al., 2013)
Alternatively, small-scale farmers can also use SP and cassava based diets to feed commercial Hyline
Brown hens (Table 9). The feed cost per gram of egg can be reduced by 29% and 42.6% respectively
without adversely affecting egg weight. However, the hen housed egg production is significantly
reduced for birds fed the SP based diet compared to the cassava diet. The overall production cost of
farming Hyline Brown hens up to the point-of-lay, compared to VC and F1 crosses indicates that
village farmers should not use Hyline brown hens in their enterprise. However, it is feasible for
farmers to use Hyline Brown spent layers for a second production period because they are cheap to
purchase and can be fed on lower cost SP and cassava based diet and maintain reasonable egg
production.
8.3. Village Chickens and dual purpose crossbred poultry
The level of meat and egg production from VC is very low; they take several months to attain mature
body weight and annual egg production from hens is as low as 77 eggs (R.M. Bourke Pers. Comm.),
compared to the expected annual egg production from highly productive Hyline Brown hens of 240 to
260 eggs. This is not a fair comparison because the latter are specifically bred and managed for
maximum egg production and profitability in large commercial farms, whereas the VC literally has to
source its own food and shelter.
The key to successful rearing of VC is proper feeding and housing from an early age. VC is able to
feed on local ingredients as well as nutritional supplements. The potential of dual-purpose VC
crossbreds as an important contributor to the domestic chicken egg market is yet to be recognized and
exploited. Unlike improved commercial chicken breeds, dual-purpose VC crossbreed can be easily
and cheaply acquired compared to commercial layers and broilers. VC is prolific and their numbers
can be substantially increased in a short period of time. Moreover, the interventions required to
increase production are expected to be within the financial means of smallholder farmers using locally
available resources.
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Table 10: Nutrient values of test diet with local ingredients* for feeding village chickens
Treatment diet

Moisture
(%)
10.00

ME
(MJ/kg)
11.3

CP
(%)
15.9

Fat
(%)
1.05

CF
(%)
4

Ca
(%)
3.64

P (Avail.)
(%)
0.52

Local diet (LD)
Commercial diet
10.12
11
16
4
3
3
0.41
(CD)
*Cassava flour (40%), maize (16%) fish meal (13.75%), limestone (7.55%), copra meal (6%), sweet
potato leaves (4.7%), cassava leaves (4%), kikiyu grass leaves (2.3%), peanut meal (2.13%), banana
meal (2%), cooking oil (0.9%), low energy layer concentrate (LELC, 0.28%), common salt (0.2%),
dry sweet potato tubers (0.13%) and methionine (0.06%).
(Source: Besari, et al., 2013)

Table 11: Cost of production and projected profit margin based on average selling price of K12.10
per dozen in Kokopo, East New Britain Province (2012)

LELC+BMC
Commercial

Total Feed
Intake (kg)
193.57
182.94

Diet

Eggs Laid

Diet

LELC+BMC
Commercial

1532
1502

Total Feed
Cost (K)
567.16
578.09
Selling
Price/Egg (K)
1.01
1.01

Cost/kg (K)

Eggs Produced

Cost/egg (K)

2.93
3.16
Selling Price
/Dozen (K)
12.10
12.10

1532
1502
Gross Revenue
(K)
1, 544.76
1, 514.51
3, 059.27

0.37
0.38
Profit Margin
(K)
977.60
936.42
1, 914.02

(Source: Jeremiah et al., 2014)
Several comparative experiments conducted at Domil Village in Jiwaka Province and Boana District
in Morobe Province compared egg production by VC, hybrid layer hens and their crosses. The birds
were maintained under improved village management with basic improvements in housing and
feeding of commercial layer pellets. During the observation period of eight weeks of egg production,
VC hens achieved an average egg production percentage of about 40% compared to 62% for
Commercial Hyline hens, and 76% for their crosses. Based on the 8 week trial the projected annual
production is 146 eggs for VC, 226 eggs for commercial hybrids and 277 eggs for their crosses.
Therefore, if proper feeding and housing are provided egg production by VC can be doubled.
The retail price of commercial layer pellets has more than doubled over the past decade (Ayalew,
2011). On the other hand, it has been demonstrated that SP and cassava may be blended with
concentrates produced at commercial feed mills to make complete diets for poultry (Pandi et al.,
2013) and pigs (Dom et al., 2014). Layer diets made with local ingredients and formulated with
similar nutrient profile to commercial layer feed were also tested (Table 10). When birds were fed on
the local diet, egg production declined for all genotypes, 56% for crossbred hens, 43% commercial
hybrids and only 31% for VC. This indicated that VC can perform better on locally made layer feeds
(Jeremiah et al., 2014). Dual purpose crossbred Australorp x Shaver Brown and Hyline Brown x
Shaver Brown chickens fed cassava based diets (LELC+BMC) compared to Commercial layer feed
maintained egg production at improved profit margins (Table 11).
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9. Pig farming enterprises
9.1. Village and semi-commercial piggeries
On a typical village enterprise, assuming an average of two sows maintained and a survival rate of six
pigs per farrowing, a piggery may produce about a dozen grower-finishers in a year. Six pigs per sixmonth cycle (e.g. 120 day gestation + 60 days natural weaning to 20kg body weight) may be a
reasonable number for assessment under the village scenario. Most pigs raised on village farms would
be sold as fattened animals, but piglets may be sold as are also sows occasionally. Whereas, on a
typical semi-commercial enterprise, assuming an average of 10 sows maintained and a survival rate of
eight pigs per farrowing, a piggery may produce about 80 grower-finishers in a year. Forty pigs per
six-month cycle may be a reasonable number for assessment of a semi-commercial piggery at full
operation. Profitability in village and semi-commercial piggeries may be determined by the sale of
grower-finisher stocks.
Table 12: Estimated cost items for making 400kg of sweet potato silage for feeding pigs at village or
semi-commercial level on a PNG lowlands station trial
SP feed cropping and ensiling
costs
Planting
215.00
Harvest and processing
150.00
Weeding
130.00
Salt (0.5% w/w additive)
4.00
Knives (6)
23.76
Cutting boards (6)
82.37
Ensiling garbage bags (40)
46.93
Tarpaulin (1)
82.5
Scale (100kg)
221.63
Bins (20)
720.5
Total costs
1,676.69
Estimated incremental costs of producing 400kg SP silage (K/kg)
Cost of dry feed at 33.2% DM (K/kg)
(Source: Dom and Ayalew, 2009b)
Items/Expenses

Recurrent costs excluding
labour

4.00

46.93

50.93
0.13
0.38

9.2. Intensive small-scale piggery
The following economic analysis for a small-scale piggery enterprise was made by assuming a
starting weight of 20kg and a 60 day finishing period, on feed intake and growth rates from two
reported trials using local crossbred pigs (Dom and Ayalew, 2009b; Dom et al., 2011a). At the village
level the labour for cropping may not be costed, whereas at the semi-commercial scale, labour may be
accrued to overall operational expenditure of the piggery and therefore not directly included in the
cost of SP silage (Table 12). The unit price of SP silage was K0.38 per kilogram (dry weight) and pig
grower was K2.00/kg (July 2014). A comparison is made between feeding grower-finisher pigs on pig
grower alone (STDPG) or in mixed rations with farm grown SP roots and forage either boiled
(SPctfv) or ensiled (SPS50% and SPS75%)(Table 12).

Table 13: Estimated total feed intake, cost and live weight gain and gross margins analysis for 60 day
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grower-finisher period under small-scale production of 6 to 40 pigs from one cycle
STDPG†

Estimated parameters for each diet

SPctfv†§

SPS50%

SPS75%†

†

†

Assumed Starting weight (kg)
Estimated Finishing weight (kg)
Weight gain for 60 days (kg/pig)
Feed intake for 60 days (kg/pig)
Feed cost for 60 days (K/pig)
Unit cost of feed per weight gain (K/kg)
Variable feed cost for 6 pigs over 60 days (K)
Variable feed cost* for 40 pigs over 60 days (K)
Variable cost of labour**(K)

20.0
20.0
20.0
20.0
63.8
50.1
52.4
58.0
43.8
30.1
32.4
38.0
101.6
93.2
71.4
108.00
203.28
93.18
85.09
172.35
2.32
3.09
2.20
2.84
1,219.68
559.08
510.55 1,034.13
8,131.20 3,727.20 3,403.65 6,894.19
7,560.00 7,560.00 7,560.00 7,560.00
15,691.2 11,287.2 10,963.6 14,454.1
Total Variable Costs (TVC) (K)
0
0
5
9
Gross Income from sale of 40 live pigs valued at K500 20,000.0 20,000.0 20,000.0 20,000.0
(K)
0
0
0
0
Gross Margin‡(K)
4,308.80 8,712.80 9,036.35 5,545.81
Gross Margin per pig (K)
107.72
217.82
225.91
138.65
Benefit Cost Ratio (TVC/GI) at live pig price
1.27
1.77
1.82
1.38
†
Carcass weight at 75% yield (kg)
47.9
37.6
39.3
43.5
Income per carcass at K7.00/kg (K)
334.95
263.13
275.10
304.74
13,398.0 10,525.2 11,004.0 12,189.6
Gross Income from 40 carcasses (K)
0
0
0
6
‡
Gross Margin (K)
-2293.20
-762.00
40.35 -2264.53
Gross Margin per pig (K)
-57.33
-19.05
1.01
-56.61
Benefit Cost Ratio (TVC/GI) at carcass price
0.85
0.93
1.00
0.84
STDPG = 100% standard Pig Grower ration, SPctfv = sweet potato cooked tubers [roots] and fresh
vine blended with 50% Pig Grower, SPS50% = 50% SP root and vine (1:1) silage with 50% Pig
Grower, SPS25% = 25% SP root and vine (1:1) silage blended with 75% Pig Grower. †Based on
grower pig performance in Dom and Ayalew (2010a). †† Based on grower pig performance in Dom et
al (2011a). §No costs by cooking farm grown SP feeds. *Total Variable Cost (TVC) of feed alone,
other variable costs were not included. **TVC for labour of three persons for 90 days SP cropping
and piggery work at K3.50/hour. ‡GM = GI – TVC.
The variable costs were for total feed cost of finishing 6 to 40 pigs and labour for cropping and
piggery work. Labour costs were accrued over 90 days. Increasing the pig grower component in
mixed rations may improve the finishing weights but does so at twice the feed cost. The benefit-tocost ratio (BCR) on SP based diets were sensitive when pig grower was increased from 50%
(BCR=1.00-1.82) to 75% (BCR = 0.84-1.38) of the ration, indicating that greater carcass or finish
weights on the SPS75% diet were not an advantage because of the higher feed costs accumulated
(Table 13). The reductions in feed costs on the SP based diets were considerable when compared to
providing pig grower as a sole feed (STDPG). Estimated gross margins for a small-scale piggery were
very much improved on SP based diets (BCR = 1.00-1.82) compared to pig grower (BCR=0.85-1.27)
when the gross income from pigs was estimated either by carcass weight at K7.00/kg or on a fixed
live weight price of K500 for the 50 to 60kg pigs. Using pig grower with 50% SP silage made on84
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farm provided a far better margin when the finished pigs were marketed at fixed live weight prices.
Assuming that over twenty sows are maintained it may be reasonable to scale-up the costs for semicommercial operation to gain an estimate for the intensive level of pig production. Commercial
piggeries may operate by one of the following scenarios; (a) sows are raised and bred on location, (b)
sows are purchased or reared until ready to breed or (c) weaned piglets are purchased for growing and
fattening. The latter scenario removes the burden of maintaining sows. . Profitability will depend on
the output from the grower-finisher phase of the operation. This level of production has not been
investigated however given the rising consumer demand for pork intensive small-scale piggeries are
potentially lucrative business options for local farmers.
10. In-land fish farming enterprise
There is currently no available bulk fish feeds produced commercially. The Provincial Department of
Agriculture (PDAL) in Eastern Highlands Province (EHP) with the help of National Fisheries
Authority (NFA) manufactures small amounts of fish feed which it provides to local farmers. Also,
the Highlands Aquaculture Development Centre (HAQDEC) based in the Aiyura Valley (EHP) also
produces limited amounts of fish feed for their own production purposes. Limited quantities of fish
feed for aquarium species is available in a few high-end supermarkets (e.g. Food Mart, Lae) and from
other commercial service providers (e.g. Industrial Waters Ltd). However, apart from being much
smaller in quantity and unavailable to the majority of rural based inland fish farms, these feeds are far
too costly and may be less suited to production purpose species such as tilapia and carp.
Small-scale inland fish farming in PNG is farmed either in pond production system or cage culture
system. Both systems are used in the highlands and lowlands for cash income and household
consumption. Fishpond farming system is widespread throughout the country while cage culture
system is being farmed at locations such as Yonki and Sirunum Dam. The start-up costs for
commencing inland fish farming enterprise may be mostly for labour (other than family) and digging
equipment to construct and maintain dams and ponds for the fish farm. Pond production expense
items include digging materials, water inlet and outlet pipe materials, harvest and handling materials,
pond maintenance materials, breeding stock and labour and feed. Cage culture expense items include
floater, harpa nets, harvest and handling materials, breeding stock and labour and feed. Water dams
are convenient because a natural source of water may not necessarily provide the volume of water or
flow rates needed to properly manage fishponds. It is worth noting that local fish feeds can be made
entirely by hand, without large milling equipment, however, one key item that must be purchased is a
meat mincer for extruding feed and drying into pellets. Meat mincers cost K200 or less (Brian Bell
Ltd) depending on the size. More thorough economic evaluations for fish feed manufacture and fish
farming using local feeds are underway.
11. Meat production value chains
The current information on livestock production is limited to outdated survey estimates (e.g. PNG
Household Food Survey 1996 and Gibson, 2001), referenced extrapolations from a mixture of
disaggregated census data (National Census, 2001), industry reports (e.g. Poultry Industry
Association), field observations by researchers, and rather insensitive data extrapolations from the
Food and Agriculture Organization (FAO Stat data). This represents a decided weakness for the
livestock development planning process, particularly for determining the needs for specific inputs at
identified locus within the wider domestic market for animal products.
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Figure 4: Small-scale pig production Value Chain Map Lae City (Morobe) and Mt Hagen Town
(Western Highlands). (M. Dom and T. Simos, ACIAR ASEM 2010/053 Review March 2013;
http//:aciar.gov.au/project/asem/2010/053)
A very clear case was raised in the recent withdrawal of trade protection (import tariffs) for frozen
chickens, which has had far reaching implications for the national poultry industry. PNG now imports
frozen birds into the country for the first time in history. While importation of frozen birds was of
benefit in reducing prices for chicken meat, other meat quality and quarantine issues have been raised.
More importantly, the poultry industry, and in particular small-scale (i.e. backyard) broiler production
is the most active local livestock business, generating incomes for farming households and
entrepreneurs, as well as major companies supplying feed and day-old-chicks to grow-out units
nationwide.
Similarly, the production of pork at a local level may be undervalued despite its importance as a
source of protein intake nationally and the more apparent trade within the densely populated
highlands region (Fig 4). In fact, in the past ten years at least two major piggery operations have
established themselves outside Port Moresby (Boroma Piggery and Alstonia) and long-term piggeries
in Morobe Province have enhanced their output capacity to meet the perceived demand. However, the
importation of cheaper pork products, while not deterrence to consumers, does pose a severe
competitive price restraint on local pork producers that may be able to provide to the same market.
The production of inland fish has a slightly different scenario in the national meat production context
as it is mainly considered as an alternative meat protein source for households, with less active
domestic trade. However, there is an emerging market for inland fish and fish products in general and
this trend has been recognised globally in many other developing countries.
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The current portfolio of livestock research does not cater to the need for identifying specific points in
the meat market for planned interventions. While it is generally recognised that infrastructural
development such as road networks may facilitate supply chains for goods and services, the demand
and supply which determine business growth and the requirements for business ventures, such as local
trucking, storage and freezer facilities have been kept in the periphery of the PNG development
agenda. Local meat production is even less supported when there is a lack of small slaughter operators
or abattoirs within areas that actively produce poultry and pigs in considerable numbers.
One recommended research intervention is to conduct value chain assessments of the current meat
market. A value chain is a series of organisations that take a product from inputs, for example
genetics, eggs, feeds, chicken, processing, and markets, through to a final product that is consumed
(Simos, 2013). From value chain assessments it is possible to diagnose how effectively the chain is
working in delivering the product(s) that consumers want, or otherwise. It would then be possible to
identify interventions which may be for primary services, for example supply logistics and sales and
marketing, or support services, for example product and technology development and human resource
management, and administrative and financial infrastructure. A broad and far reaching market
analysis should also include study on the overarching policy needs.
CONCLUSION:
There is convincing technical evidence of the nutritional suitability of formulated poultry and pig
diets which make use of two major local feed resources, namely SP and cassava. Feed trials at smallscale level based on station and on-farm have provided cost efficient growth rates for poultry as meat
birds and layer birds and for crossbred grower-finisher pigs. Similar feeding and growth trials on
inland fish species have demonstrated that SP and cassava may also provide the major portion of
energy to juvenile GIFT tilapia.
While there are several challenges in the supply chain of sweet potato as a fresh produce at the major
urban markets there are also options for improved local marketing of the root crops. This enables
household farmers and smallholder entrepreneurs to diversify their incomes through markets for high
quality fresh food, processed flour and starch products and for animal feed.
A mini-mill project provided pilot scale assessment of mill equipment and mill operation at
community level, with the potential for mixed crop-livestock farmers and specialist producers to
capitalise on the market provided by a central processing facility. The mini-mills concept is a means
to overcome the impediments to further promotion of small-scale farming at provincial and district
level by providing regular supply and distribution of local milled feeds blended with nutritionally
formulated concentrates to the growing demand for low-cost feeds for poultry, pigs and fish.
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ABSTRACT:
Drug discovery is considered one of the most direct ways to demonstrate the value of biodiversity.
Industrial drug discovery is aimed at identification of patentable new molecules with potential for
development by the pharmaceutical industry. Work at the University of Papua New Guinea and the
University of Utah has confirmed the potential of PNG’s flora and fauna, discovering new molecules
with potent and novel activity against malaria, TB and HIV. Several of these discoveries have
already led to licensing and royalty payments from various pharmaceutical companies to Papua New
Guinea.
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INTRODUCTION
According to Papua New Guinea (PNG) Vision 2050 “There is a need to increase, improve and
support current research-based institutions and universities in order to produce top quality research
and development outcomes that will provide solutions to challenges in areas such as medicine, climate
change and disease patterns.”
“Existing Institutions — especially universities — must engage in fostering alignment and
partnerships to integrate research and development with teaching and learning which will enhance the
quality of education.”
One way to meet Vision 2050 goals is to use PNG’s natural gifts sustainably. PNG is one of the most
bio-diverse countries on earth [1,2]. It is blessed with extraordinary range of varieties of terrestrial
and marine plants, animals and microbes; the vast majority of which have never been assessed for
possible healing properties. Drug discovery is considered one of the most direct ways to demonstrate
the value of biodiversity. Western medicines have the potential to earn their discoverers and
producers huge sums, clearly illustrating the need to conserve that diversity while exploiting it
sustainably. The aspect of drug discovery discussed here is aimed at identification of patentable new
molecules with potential for development by the pharmaceutical industry. Successful drug discovery
programs target molecules with new mechanisms of action, showing the potential to be prototype
“first in class” medicines that get around resistance or other limitations of current clinical drugs.
Work at the University of Papua New Guinea and the University of Utah has confirmed the potential
of PNG’s flora and fauna, discovering new molecules with potent and novel activity against malaria,
TB and HIV. The exciting discoveries have led to new concepts of accessible drug targets that might
be exploited by the pharmaceutical industry. Several of these discoveries have already led to licensing
and royalty payments from various pharmaceutical companies to PNG.
Researchers at the University of Papua New Guinea (UPNG) reached out to international research
partners in order to access the state of the art technology necessary for current drug discovery. UPNG
and the University of Utah (UU) formed a partnership in the discovery process to link USA
instrumentation capabilities to PNG biodiversity. This required coordinated development and
acceptance of protocols for prior informed consent and access to biodiversity and equitable benefit
sharing, while observing and implementing UPNG, Department of Environment and Conservation
and Fogarty International Center guidelines and Convention on Biological Diversity (COBD) goals.
The successful activities of this program were leveraged to provide technology transfer including an
equipped and active Bio discovery Laboratory. This laboratory and other training opportunities have
supported over 70 PNG students and contributing to more than 55 degrees or certificates so far.
Elements of this UPNG/UU collaboration illustrates prototypic components of future research
collaborations between UPNG faculty and foreign institutions: 1) infrastructure building, 2) training
opportunities, 3) inclusion and co-publishing, 4) faculty development, 5) community benefits, 6)
intellectual property right agreements, and 7) real products. This collaboration has been recognized
globally as a “best practices” example for biodiversity exploration.
The approach started with biodiversity survey programs that supported and sustained the mission and
research activities of the UPNG Herbarium staff. Trained botanists led the collection of endemic and
indigenous plants as source material for extraction and drug discovery. These skilled individuals were
responsible for implementation of reconnaissance, prior informed consent, outreach and benefit
sharing protocols. Their activities established partnerships with local landholders and communities
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that guaranteed to them inclusion and feedback, while providing immediate monetary and in-kind
compensation. The work was supported by US NIH funding that amounted to over $1 million USD
that went directly to UPNG to fund research participation.
The botanical diversity survey work identified new species and novel species range description in
PNG. Over 1,700 type specimen vouchers have been disseminated to major herbaria worldwide,
including Nederland National Herbarium; Royal Botanic Gardens Kew; Harvard University Herbaria
and many others. To this point, approximately 5% of the flowering plants of PNG have been
collected, over 480 species of indigenous and endemic species and approximately 370 species of
medicinal plants. PNG’s marine invertebrate, and microbial diversity were also accessed as sources
of new chemicals for analysis and the scientific impact of that survey work is still emerging and being
posted on line [3].
METHODOLOGY
Techniques were developed for plant extraction, fractionation, and bioactivity screening and chemical
structure determination. The objective was discovery of patentable drug structures (the “products”)
from PNG biodiversity. Patentable chemical discoveries may belicensed to pharmaceutical
manufacturers (Pharma) for development and production. Table I shows patentable chemistry with
new bioactivity that was marketed by the University of British Columbia, another partner institution
of UU. Most positive remuneration to PNG from this basic research has so far been in the form of
payments from licensing and “benchmark” royalty payments. The university researchers’ benefit by
being listed as Co-Discovers on any patents filed. Some of the licensing agreements have been very
rewarding; some have just been closed with no successful development. 97-072 yielded a tubulin
destabilizer molecule with potential as an anti-cancer agent. The drug was developed at Wyeth Res.
and was taken into human trials. Unfortunately, further development of the drug was discontinued
due to toxicity issues, but UPNG received almost $250,000 USD in benchmark and licensing
payments from the company. Another file 00-075 was licensed to a Spanish company, PharmaMar
Inc., but in this case the university received 41,000 company shares as part of the compensation. At
the time of agreement shares were worth $0.5 USD each, this account is essentially an investment that
must be managed by the UPNG to maximize profit. Similarly, UPNG holds more than 250,000 shares
of Essa Pharmaceuticals for a licensing agreement now valued at ~$12 USD per share (08-141, 10041 and 10-042). Thus, basic drug discovery products have brought over $5 million USD to UPNG.
Table 1 summarizes patented chemistry discoveries from PNG marine biodiversity licensed to
Pharma.
DISCUSSION OF RESULTS
Drug discovery capacity can aid Small and Medium size Enterprises by providing product validation
or information for product development. An entrepreneur healer in Milne Bay, Minnie Bate was
producing a topical remedy for pain and inflammation from local lichens. When her lichen
preparation was extracted with hexanes, two known compounds, atranorin and chloroatranorin were
found to account for >90% of the extract (structures confirmed by NMR and HRMS). Atranorin was
then shown to block lipid peroxidation and have COX 1 inhibitory activity, while exhibiting little
cytotoxicity at high concentrations; activities consistent with its analgesic/anti-inflammatory use [4].
Based on these published findings, Ms. Bate empirically adjusted the strength of her preparations to
improve efficacy and reformulated her products using more cosmetically attractive ingredients
96

Proceedings of RST UPNG Sci. Conf. Nov 2014
including coconut oil. Ms. Bate won first place at a new entrepreneur fair and has used the scientific
data to support her marketing. She now even distributes her products to outlets in Japan.
Basic science capacity related to drug discovery also created the environment for Honors and Masters
work of Owen Paiva, with Mr. David Williams of the AVRU (University of Melbourne) and Dr.
Matainaho (UPNG). The work was presented at the 2009 PNG Medical Symposium is now published
in PLoS Neglected Tropical Diseases: “Prelinical evaluation of caprylic acid-fractionated IgG
antivenom for the treatment of tiapan (Oxyuranus scutellatus) envenoming in Papua New Guinea”
[5].
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Table 1: Drug Discovery and Development Projects Currently in Progress
Tech ID
Title
93-001
95-072
96-073
97-092
00-009
00-075
00-113
02-069
03-084
04-049
04-058
07-010
07-060
08-109
08-151
11-041
11-042
10-102

Contignasterol; Steroids as potential drugs for the treatment of asthma and allergies
Cytotoxic peoptides from the manne sponge cymbastela sp.
Cyclic decapeptide antibiotics; loloatins A to C
Cytotoxic and antimitotics synthetic analogs of hemiasterlin
Bogorols, cationic peptide antibiotics produced in culture by a marine bacillus sp.
Motuporamines as inhibitors of cancer cell invasion
Pelorol, a noval ship activator
Antifungal and antimycobacterial Basiliskamides
Sokotrasterol sulphate, an angiogenic compound
Ceratamines antimitotic agents
Meroterpenoids inhibitors of cellular invasion and motility
Prodrugs of Pelorol analogs as SHIP activators
IDO inhibitors based on the exiguamine pharmacophore
Papuamide B material
Novel agent for treatment of androgen-independent prostate cancer
Achiral group containing Bisphenol Derivative therapeutics and methods for their use
Bisphenol derivative therapeutics and methods for their use
AQ x151 a SHIP activating synthetic analog of Pelorol
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Disclosure
Date
6-Jan-93
25-Jul-95
30-Sep-96
24-Oct-97
19-Jan-00
6-Jul-00
18-Oct-00
5-Oct-01
8-Nov-02
12-Aug-03
3-Sep-03
24-Apr-06
23-Aug-06
25-Oct-07
26-Feb-08
22-Jul-10
22-Jul-10
11-Jun-10

Tech Status
Licenced – Exclusive
Licenced – Exclusive
Closed
Licenced – Exclusive
Closed
Closed
Licenced – Exclusive
Closed
Closed
Closed
Closed
Licenced – Exclusive
Closed
Sold via Flintbox
Licenced – Exclusive
Licenced – Exclusive
Licenced – Exclusive
Licenced – Exclusive
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Their work has generated a new equine whole IgG polyvalent Papuan taipan anti-venom that is
currently in GMP production at InstitutoClodomiro Picado, Costa Rica (projected cost of ~$250 USD
per vial, less than 25% of current anti-venom). This lyophyllized product shows superior potency, it
has passed preclinical assessment and is in clinical testing. In clinical trials under a $1.2M AusD
AVRU development program to Dr. Matainaho, and Mr. Willams and Mr. Paiva the PNG anti-venom
product has shown superior potency and stability over the previously used, more expensive antivenom. Additional students have completed post graduate projects studying snake venom.
CONCLUSION
In conclusion, drug discovery activity at UPNG has successfully used international partnerships to
optimize technology transfer and student training. The work established and equipped a Biodiscovery
laboratory at the School of Medicine and Health Sciences. It has also provided career development
activities for professional faculty and staff. The work has supported over 70 UPNG student trainees.
Six of these graduates have served as lecturers at UPNG, four serve at UNDP or other NGOs, with
two more going on for doctorate degrees overseas. The results have shown that University research
programs in drug discovery have the capacity to integrate research and development with teaching,
learning and capacity building. Discoveries arising from PNG’s unique flora and fauna generate new
products and income through development and licensing. The benefits from university-based drug
discovery programs also reach partner communities and land owners. Appreciation for this additional
value of PNG’s biodiversity should provide increased rationale for resource conservation and
sustainable development.
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ABSTRACT:
« Il ne suffit pas qu’un aliment soit bon à manger, encore faut-il qu’il soit bon à penser » : This
famous aphorism of the French anthropologist Claude Lévi-Strauss (It is not enough for foof to be
edible, it needs first to be good for thoughts), highlights the primacy of food symbolic value over its
nutritive qualities. This aphorism can also be seen as a warning for all policy and decision makers
preoccupied with food security. In the 1990’s, new species of fish were introduced in the Sepik River,
one of the largest river of the Pacific. Twenty years later it is time to engage in a social assessment of
the impact of this development program. This project was meant to improve the local population
standards of life and in developing the fish stock. However, things turned quite differently. The Sepik
large populations have built their culture around the production and the exchange of sago and the
consumption and exchange of fish. In Sepik societies, food is nutritive, and foremost food needs to be
understood as a social paradigm. People define themselves as sago producers, or sago receivers
and/or fish producers or fish receivers. This paper analyses the impact of the introduction of new
species of fish on the Chambri community, on their cosmology and on their traditional exchange
system. It will offer new material to understand how traditional communities view development and
progress and how they struggle to cope with them. This paper also aspires to revaluate the
assumptions about “human primary needs” in a rapidly changing environment.
Keywords: Chambri, East Sepik Province, environmental impact, change, fish
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« Il ne suffit pas qu’un aliment soit bon à manger, encore faut-il qu’il soit bon à penser » : This
famous aphorism of the French anthropologist Claude Lévi-Strauss (“It is not enough for food to be
edible, it needs first to be good for thoughts” my translation, 1962), highlights the primacy of food
symbolic value over its nutritive qualities. This aphorism can also be seen as a warning for all policy
and decision makers preoccupied with food security. In the 1990’s, new species of fish were
introduced in the Sepik River, one of the largest river of the Pacific. Twenty years later, it is time to
engage in a social assessment of the impact of this development program. This project was meant to
improve the local life standards in developing the fish stock. However, things turned quite differently.
The Sepik large populations have built their culture around the production and the exchange of sago
and the consumption and exchange of fish. In Sepik societies, food is nutritive, and foremost food
needs to be understood as a social paradigm. People define themselves as sago producers, or sago
receivers and/or fish producers or fish receivers. This paper analyses the impact of the introduction of
new species of fish on the Chambri community, on their cosmology and on their traditional exchange
system. It will offer new material to understand how traditional communities view development and
progress and how they struggle to cope with them. This exposé will also contribute to debates in
science epistemology, a domain where Papua New Guinea current challenges in term of climate
change, food security, public health, scientific innovations is a very promising and yet an unexplored
field of interrogation.
Recent academic research (Latour 2010, Descola 2013, Viveros de Castro 2009) has demonstrated
that the former distinction between culture and culture needs to be questioned. Latour challenged the
former opposition between culture as the field of expertise of scholars from humanities and social
sciences and nature as the field of investigation for “hard” sciences. For the French sociologist and
epistemologist of sciences, Politics, public debates, individual questionings irrupt within the scientific
debate. The former definition of scientific practices confined in laboratories and closed to public and
democratic debates is not legitimate anymore. Sciences are not anymore an intellectual discipline that
works for itself within a field that scientists alone delineate. On the opposite, the rise of new global
issues (Global warming, climate change, food security) has profoundly impacted the classical
oppositions between humanities and sciences, between scientists and citizens, and between scientific
discourse and democratic debates. The interpenetration of science, public opinion and democratic
debates and its epistemological interpretation, or as Bruno Latour names it “scientific humanities” has
been little explored in non-industrial societies. So far, the environmental impact on small-scale
societies has been an issue studied by social scientists alone. However, the expertise of
anthropologists on these matters may be partly deceptive. New challenges such as environmental
changes or new health issues (HIV, Ebola) operate at two distinctive levels. They affect local
cosmologies and in parallel global agents such as governments, NGO’s, and international agencies
address them. Reactions to environmental changes suppose the existence of two competing
worldviews: a local cosmology and a global cosmology.
The Sepik River is one of the largest freshwater resources of Papua New Guinea. It is the second
largest river of the country spanning over 1000 kilometres with its source located near the border with
the Indonesian province of Papua and ending in the Bismarck See at the border between East Sepik
and Madang Province. It crosses two of the largest provinces of the country formerly called West
Sepik and East Sepik and now Sandaun and East Sepik. But this large freshwater network also
includes many subsidiary waterways or water resources (number of tributaries…). Located in the
geographical centre of this network almost midway between its source and its mouth, the Lake of
Chambri is the second largest lake of the country after Lake Murray. It is roughly twenty-five
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kilometres large. It is located at the lower fringe of the central chain of mountain that crosses the
whole island of New Guinea. It is consequently located in a particularly original location, in the
middle of one of the longest rivers of the Pacific region and between a flat marshland and the feet of
the highest mountain range of the region. This unique geographical configuration echoes a cultural
uniqueness.
Between 1984 and 1997 a group of scientists introduced into this immense water network a series of
non-endemic fish species (on the introduction of new fish species in the Sepik see Coates 1985 and
1989, and Kolkolo 2005). Amongst them four became invasive: Java carp (Puntius gonionotus, called
in Tok Pisin wannil), Pacu (Piaractus brachypomum or Colossoma bidens, called in Tok Pisin raba
maus), red makau (Tilapia rendalli, called in Tok Pisin super makau) and Emily's fish (Prochilodus
marcgravii, called in Tok Pisin tit pis). The purpose of this introduction was to contribute to life
condition improvement in fostering the diversification of fish resources for the numerous
communities living in the Sepik Basin. An ecological disaster resulted: the new fish disseminated the
endemic species and they also caused the disappearance of most aquatic vegetation.
This was not the first occasion a non-endemic species was introduced. In 1954 the Tilapia
Mossambica was introduced “successfully” as it soon became the most common fish in the river and
its tributaries (Coates 1985). Perhaps around the 1980’s the common carp was introduced. It is called
locally wannil and is the least popular fish in the river.
This paper will analyse a double phenomenon: the social reaction to an environmental change and the
overlapping of scientific research and democratic debate. First I will describe the way a traditional
society has been reacting towards the introduction of new species of fish. Secondly I will explore the
type of discourse the introduction of these new fish has generated as a material for understanding who
sciences and political debate interpenetrate. While the first part of this exposé deals with a wellstudied field of social changes, the second is a contribution to contemporary debates in science
epistemology, a domain where Papua New Guinea current challenges in term of climate change, food
security, public health, scientific innovations is a very promising and yet unexplored field of
interrogation.
Fishing culture
Chambri Lake the area where this study has been conducted is located in the centre of the Sepik basin.
It is the second largest lake of the country after Lake Murray. It is roughly twenty-five kilometres
large. The Chambri people who live on a small island located in the centre of the lake, as their
neighbours of the Sepik River and its tributaries, can be defined as a fishing culture. In the early
1970’s the American anthropologist Deborah Gewertz defines the Chambri as part of an exchange
network establishing a relationship between fish givers and sago producers. She was one of the first
anthropologists to reject traditional anthropological understanding of Melanesian societies (Gewertz
1973, 1983). For her, a culture could not be defined within the boundaries of a particular group of
people (defined by their languages, a land or water unit, rituals…), but comes to existence because of
its relations with others. These interactions give to this culture its identity. In her texts, the Chambri
are defined as fishermen who exchange their production with sago producers living in the south of the
Chambri lake banks (Mensuat, Sangriman, Mari, Milae). She also argues that fish production and
sago production are not equivalent, but asymmetrical: fish producers are regarded as dominate, while
sago producers are dominated by the first.
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In the same decade a large number of anthropologists developed similar interest for food production.
Maurice Godelier gave one of the most challenging theoretical implications of the food production on
the establishment of social hierarchies when he studied the production and the circulation of salt bars
amongst the Baruyas (Godelier 1977, 1982). He noted that the production of salt bars generated a
commercial monopoly that profited to a selective number of men. This production generated
inequality and combined with other social parameters (war practice, matrimonial strategy and
possession of inalienable artefacts) became instrumental in the careers of Baruya men. Salt bar trade
was the backbone of social hierarchies and established the very specific status of “Grands Hommes”
or “Great Men” in English: a person with a specific social status quite distinctive from what literature
has called “Big Men” (Shalins 1963, Strathern 1971). The texts of Gewertz and Godelier demonstrate
that the production of food is loosely related to subsistence but is paradigmatic of social hierarchies.
She also highlighted that while fish and sago production are exchanged in fixed quantities, their
symbolic value, and consequently the political status of the trade partners are unequal. Interestingly,
both partners can produce the food they obtain from their counterparts. In other words the
asymmetrical relationship between the Chambri and their exchange partners is not the result of the
scarcity of food resources, or the consequence of their geographical availability. The Chambri have
access to a large stock of sago and that they are technically able to extract it as well. The food
production monopoly is not due to the coincidence between the cultural geography (the land/water
owned by a group of people) and the presence of a food resource (fish or sago in the Sepik Basin, or
salt in PNG Highlands for example) is not a justification for food production monopoly. Similarly this
monopoly is not the result of technical knowledge. Furthermore food production does not only
differentiate cultures in term of techniques and resources but also generates social relationship,
although unequal and asymmetrical.
The quality of food
Fish production does not have sole political implications, it is also food. In Chambri, fish is part of the
daily diet and is supposed to be consumed at least twice a day. As the Chambri or their Sepik
neighbours do not conceive themselves without their relation with trading partners, fish cannot be
eaten alone. It is generally eaten with an injanamp (a sago pancake). This food dualism demonstrates
that fish is not merely a nutritive commodity (for a general discussion about food amongst the
Chambri see Garnier 2007). Actually the Chambri consider that the only nutritive aliment is sago.
However, for them, fish is gifted of aesthetic value: it is good and pleasant; fish is pleasure. The
Chambri grade their food in function of a series of three concepts. One of them is expressed with the
verb amkesak, (“filling the stomach”). It qualifies nutritive values, and fish is relatively deprived of
this quality (while on the opposite, sago is said to be the paramount food that fill the stomach). The
food aesthetic value is qualified with two adjectives: yuk and yenor. The first seems to be related to
the presence of glucose while the second could reasonably be translated as the presence of an amino
acid commonly known in Japanese as umami. There is a rather high level of subjectivity when
attributing these qualities to different fish. Most of them are given a medium high quality for these
two adjectives. Unfortunately, Chambri people do not like the newly introduced fish. They are not
considered particularly yuk or yenor. Furthermore they are considered too greasy and full of bones.
Many complain that they feel difficult to digest them and many suffer of headaches or bone aches
after eating them.

104

Proceedings of RST UPNG Sci. Conf. Nov 2014
Marketing fish
When the Chambri discovered that the new fish did not taste very good, they feared for their fish
market. The exchange system described by Gewertz is now extinct but Chambri women are nowadays
selling their fish in a large part of the province. This mobility is quite remarkable as they do not have
much economic comfort and only rely on a very few kina to undertake a long and costly journey.
The closest market is Pagwi one of the rare villages on the Sepik River that is connected to a road.
This market is considered little lucrative as only few inland people come to the River’s shores. To
benefit from a broader market, women need to travel inland. Maprik is certainly the most lucrative
market. A few women also venture westward of Maprik and offer their fish in distant places such as
Dreikikir. When women have the financial capacity to continue their journey, they go to Wingei
where they can sell their fish for good money. Finally many of them continue all the way to Wewak,
the provincial capital.
Selling fish is not a pleasant activity. Women fear for their security as they travel without much
protection. Many of them have to travel with their young infant without comfort or sanitation. None
of the places mentioned above benefit of sanitation, private rooms or even places to wash. Mostly
selling fish generate expenses that are often considerable. Water transport is very expensive as women
need to pay 30 to 40 kina to be taken from Chambri to Pagwi (much more for any other destination on
the River). Return fare is the same. Road transport is also costly. They have to pay 20 Kina for
Maprik (40 both ways), 30 kina for Wingei, and 40 kina for Wewak. The road transport needs to be
strictly budgeted as the drivers charge an extra 2 kina for each bag of fish. Women need also to secure
five kina daily for the market fee. Women carry roughly three to four bags of smoked fish. Their
content is worth 100 kina. While transport cost has considerably risen since the last ten years, fish
price has remained dangerously steady. I calculated that women need to spend a minimum of 40% of
their incomes to sponsor their journey. They have to give away for free some of their fish to relatives
or local contacts for accommodation, services, and as part as customary or ethical obligations. In the
last ten years Chambri women’s income has constantly decreased and the general economy of the
village has consequently dropped. Around 2004-2005 when newly introduced species started
overcoming older species, women fear losing their clientele. Fortunately, they realized that their
clients like the new species as much as the old ones.
The impact of the new fish
The Chambri eat in priority their endemic fish: catfish and gudgeons. They also enjoy the “old
tilapia”. But these fish are today very rare. They may represent ten percent of the catch. The endemic
species and tilapias altogether have also considerably reduced in size.
It took approximately ten years for the new species to overcome endemic species in Chambri Lake.
They appear in the early 2000 and by 2011, they have completely marginalized endemic species.
Chambri people soon noticed negative effects of its consumption on health. They complain about
severe headaches and about articulation pain, mostly in the knees and in the back. This pain is
assimilated to the pneumonia symptoms. It is quite certain that none of these fish transmit pneumonia,
but many Chambri avoid eating some of these new fish (particularly the Java carp) in fear of getting
sick. I also noticed an increase of in pregnancy problems. The Chambri point an accusing finger at the
abundant grease of these fish. It is considered as unhealthy and people remove it when it is possible. It
is possible that these newly imported fish ingest heavy metals dropped into the water by upstream
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mining activities. Around the lake, people say that there are many illegal miners. Gold seekers use a
large quantity of mercury to extract gold near the lake.
Last but not least, these new fish eradicated most aquatic plants in less than a decade. The lake,
formerly covered with grass islands, cradle for thousand birds that nested in these water plants, is now
a flat water desert. Without vegetal barrier the lake is from now on an immense corridor for strong
winds making the traditional navigation a perilous endeavor. In these unfortunate circumstances,
Chambri people soon realized that they had no choice but to adapt. The fish issue in Chambri apart
from revealing a clash between local perception of natural resources and the plans ordered by
scientists illustrate another issue regarding the powerlessness of PNG citizens confronted to political
decisions.
Fish fertility and magic
While scientists have their views about food security- the conjunction of natural factors and human
intervention_, the Chambri have their own cosmological conceptions about fish. Fish is part of an
environmental richness alongside birds and fruits. Abundance and land, water and sky fertility is not
the result of chance. On the contrary, it is made possible thanks to the intervention of specific men.
These men know spells, songs and gestures that guaranty the reproduction of natural species, fish
especially. Each species of fish relates to a specific clan, and in these clan, on person or several holds
esoteric knowledge that controls its migration and its reproduction. In societies where there is no
hierarchical social institution, the possession of such knowledge is central to the local political game.
Any change in the environment, any modification in the fish stock is immediately considered as the
responsibility of a group of person, and often of designated individuals who are taken responsible.
The introduction of new species represents a breech in traditional conceptions, but seems to have been
incorporated in the indigenous perception of Chambri’s environment. Those who were responsible for
the reproduction of the natural order and the multiplication of food on the land, in the sky and in the
water, are taken now responsible for the multiplication of the new species as well. Not that the
Chambri think that they created these new species_ they all know that they were dumped into the
water by agents they perfectly identify_ but they still entrust these specific men for the renewal of
food stock. Within a few years, they have accepted a shift in their diet, deprived from endemic species
and replaced by new ones. Although they regret the loss of part of their ancestral food, they expect
from these specific men to adapt as much as everyone else and that they facilitate the multiplication of
fish whatever are their species.
CONCLUSION
Ursula Kolkolo published a review of the introduction of new species in the Sepik River in 2005. Her
words illustrate the new situation of hard sciences and its overlapping with humanities. In her paper,
she listed the number of agencies that were involved in the scientific supervision of the project. It was
called the Australian FISHAID Project. Apart from an Australian financial contribution, it involved
PNG Department of Environment, NAQIA, DFMR and NFA. It received contributions from UNDP,
FAO and the European Union. The sole list of contributors is in itself a challenge to the integrity of
science. I wonder how, the neutrality of scientists could resist to so much political interference.
However, the author of the report, very seriously argued that the project was following a “code of
conduct”:
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“In the final analysis, a Code of Practice is as good as the country, organization
or group of people that follow the requirements. The PNG Government is a
member of the United Nations and follows the FAO Code of Conduct for
Responsible Fisheries. […] The Government had similar procedures in place to
assess introductions in agriculture and livestock. Because the Government
supports responsible management of its natural resources, it was easier for
DFMR to use the ICES/EIFAC Code of Practice for the 1994–1997 fish
introductions” p 140
If it is a scientific code of conduct, is it also referring to political regulations, or are they
administrative and scientific protocols regulating the various contributing agencies? Is it about ethics?
For whom, by whom, for what? A few lines later, she continues with the same seriousness:
“The question of whether or not these introductions were environmentally and
socially successful has as yet to be answered by appropriate research. Many
would argue that the 1984–1997 fish introductions were an experiment” p. 141

The introduction of new species of fish on the Sepik River looks like a cruel tale, were local
government, international agencies and scientists all together (who took the initiative of the first
meeting?) devised upon science, the truth, the good, the better. The way the “experiment” was
conducted is of course an elementary denial of basic democratic rights and although we probably all
sympathize with the unfortunate fate of the Chambri people and their neighbors, it foremost questions
the nature of environmental sciences in a contemporary context. A code of conduct, that is supposed
to offer the most rigorous guaranties of the neutrality of science, a protocol that will enable scientists
to demonstrate evidences and irrefutable proofs, becomes as well a political guaranty preserving the
liability of donors, contributors and politicians. At this stage and with such an overlapping of
competencies between politics and science, it is difficult to know where the project went wrong. I am
afraid that perhaps all actors would retrospectively denied any wrong doing in this disastrous
operation. I hope that the Chambri case could be used as a warning for scientists and politicians. It
also unfortunately shows that this new discipline called “Environmental Sciences” in which scientists
needs to engage with nonscientists and public opinion is in dire need for a new epistemological
framework.
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Map of the region and cost related to women’s journeys to local markets in east Sepik Province.

Tamtan (cat fish), painting by Bepo Maki
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Kingenu (Plotosidea family?), painting by Bepo Maki

Wobump (unidentified species that is now extinct but that was assimilated to Tilapia)
Painting by Bepo Maki
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ABSTRACT
Sustainable management and utilization of natural resources originally and literally depends on the
potentials of individual labour effort. The ability to sustain and maintain the process of production in
standardized operations in plantations depends on successful implementations of standard practices
as well as continuous monitoring and evaluations to guide the effort. This report provides an
opportunity to understand why operational standard outturn percentages (>92%) falls against labour
status and welfare in New Britain Palm Oil Limited. A senior plantation manager has enquired the six
months project scheme as golden opportunity to investigate the common problem of sustainable
labour use and efficiency faced throughout most of the plantations in West New Britain. In response
to that a case study was designed and conducted systematically in his plantation by common
academic inquiry using quantitative and qualitative methods, and the community-based practical and
reflective investigation called the participatory action research (PAR). There were clear indications
from previous records that suits of indicators affect labour attendance consequently out-turn
percentage were below minimum standard for four consecutive years. The research project
successfully identifies possible causes and presented alternatives using existing standards. Result was
a 12 % improvement using the position indicators for inputs and output associated with labour
welfare against productivity and sustainability. The sustainability of resource (human resource, flora
and fauna, soil and investment) use depends on the potential of industries or organizations to utilize
individuals within the industry or organization or as such to maximize production at minimal
resource use and maintenance. However the issue of sustaining this level was not considered by this
paper and sequently that it might be another project work.
Keywords: Standard operations – Standard Outturn percentage (>92%), status, welfare.
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INTRODUCTION
Sustainable human development practitioners can distinguish ordinary citizens from productive
citizens in this report to scrutinize and address Human Development Challenge in various sectors.
Inequality, arrogance and ignorance are a norm in plantation sector. They greatly affect the
livelihoods of productive citizens and continue to compromise sustainable socioeconomic
development before the independence Unage (2011). The project targets harvest personal particularly
cutters, wheelers and lush fruit collectors (LFCs) in the plantation community. These ‘incapable’
working categories constitute over fifty percent of the total employed in the plantation. They are used
daily to achieve standards and targets however manual attendance per day was not consistent or near
company’s minimum standard of ninety-two percent (92%). Aiming at improving percentage out turn
(attendance) to above minimum standard was achieved, however the main objectives on improving
the welfare/well-being of laborers remain a great challenge. Whilst there are many operations
involved in production systems of all agricultural activities, in Papua New Guinea the initial stage is
always manual labour. They are intensively involved in huge plantations and are constructively
utilized in different conditions. Their effort is meant to maintain and sustain or determine our volume
of agricultural export commodities while utilizing our land to its best ability without compromising
environmental sustainability.
Practical investigative methods and research techniques developed in this research are vital to identify
specific human problems in the plantation and strategically connect them into our national statistical
systems for the “first time”. It provides an opportunity to capture actual primary data at initial point
of entry and process it into useful written information to assist Responsible Sustainable Development
Strategy. Data converted to useful written information has assisted decision-making process of first
line managers, middle line managers, senior executives and the board of directors of the company. It
has identified to an extent the constitutional powers that exist to assist the company achieve its core
business agendas as well as informing both state agencies and operating companies on actual labour
status, land potentials including actual values of the export commodities.
LITERATURE REVIEW
Economic growth is a necessary condition for improvements in the well being of the general
population, however measured (Webster et al 2010). Agriculture is more than just producing food,
believed a specialist group; it is a system that underpins the whole of our society, our relationships
including our relationship with the environment Nigel (1992). NBPOL recognizes that a value and
motivated workforce is a keystone to the success of any business, and as such NBPOL understands
the importance of creating the optimal working environment. Chief Executive Officer (2010) said,
“Our research tells us that over 80% of consumers want food manufacturers and retailers to know
where our palm oil has come from and that it was produced sustainably and not just through a
certificate offset scheme”. However it is particularly important that reforms pursued vigorously in
areas that closely affect the lives and well being of all citizens specifically health and education which
are critical for both personal and national development Waiko (2000). Furthermore experiences of
socio-economic vulnerability are dominated by the problems of illiteracy, ignorance, disease,
indolence, poverty and lack of government services, which requires transformation through a
concerted effort Unage (2010). Batten highlights that a major constraint on the ability of fiscal policy
strategies to achieve improvements in welfare outcomes relates to its implementation rather than
design. In this sense, a lack of public sector capacity at both the provincial and central government
levels has undermined attempts to improve service delivery even in cases where sufficient resources
112

Proceedings of RST UPNG Sci. Conf. Nov 2014
have been allocated. Sanida and Yala (2010) stated that although there were about nine development
plans for PNG, the realization of those plans were hardly tangible. On the other hand, development in
rural communities is often excluded from policy decisions on key issues affecting communities and
people’s well-being. Statistical systems in many developing economies are weak and many factors
affect data availability, comparability and reliability. The individuals and enterprises operating in that
economy measure economic growth. Successful development requires a comprehensive, multifaceted
and properly integrated mandate (World Bank 2000). Agriculture provides more employment than
any other sector in Papua New Guinea. It employs 75 percent of the work force, contributed 36
percent of GDP and 17.6 of total exports including processed agricultural goods in 2004 (Statistical
Digest 2009). The UK's annual palm oil demand for the food and personal care market is estimated to
be approximately 500,000 tonnes with Western Europe's standing at approximately 4-5 million tonnes
annually. The Company (including the assets of CTP (PNG)) produced approximately 520,000 tonnes
of palm oil product in 2009 Thompson (2010).
PROJECT APPROACH
The project is problem driven (Flyvbjerg 2006:219-245) which employs the methods that best answer
the research inquiries at hand. It looks at challenges faced by people regarding their needs and wants
in the plantation community. Causes were learnt and studied and from those challenges, it
systematically documents the issues using suite or set of indicators approach to measure performance
and productivity. The research report has assisted the plantation managers, plantation inspector,
sustainability department and senior company executives to implement their stated ethos.
Investigations were thoroughly done with full assistance and corporations from the management and
the workers. Questionnaires developed were based on direct and indirect causes that was successfully
clarified and documented (n = 40 interviewed). Actions done to improve the welfare of the study
community include interviews, awareness, providing basic needs and wants and implementation of
standard practices. Sensitive interpretations of the problem play a pivotal role in its monitoring and
implementations leading to positive results. Research considerations taken are common academic
inquiry using quantitative and qualitative methods, and the community-based practical and reflective
investigation called the participatory action research (PAR). Assessment is done through assessing
company’s certified (ISO 14 000) materials namely daily check roll, plantation sickness report, out
turn record, muster chit, productivity sheets, harvesting round control sheets and crop availability
count sheets. It assesses individual performance against productivity before trial with after trial and
differentiated it within and between them.
RESULTS AND DISCSSIONS

1. Physical and Social Environment
Human beings are usable and the system depends on wide range of inputs (knowledge, calories, health
and rest) and interests (social, spiritual, economic activities, sports). In Sapuri plantation, 70 percent
of workers are total illiterate, 20 percent went as far as grade six and only 10 percent went as far as
grade eight. They were extensively used to achieve work target despite climatic conditions (rain,
sunny day, even night), topography, (valley, terrain, mountain, swampy), and crop physiology. This
working class had to be alert through bell rings, initially at 4.30 am in the morning and turn up for
check roll at 5.30 am. They start work after transported by tractors to the workplace and finishes when
target for a particular day is completed at about 5.30 - 6.00 pm. Tired workers prepare meals and
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have it before sleep as early as 9.30 pm to 12 midnight awaiting cubicles to get cool from night
breeze. Rooms meant for a single worker is occupied by a couple of 4 families on average and even
three single workers on average are entitled to a cube.
There was no good water source as the plantation locates at flood plain valley and also no land
allocated for gardening as the company strictly maintains reserve forest and buffer zone areas to as
much as possible minimize soil erosion and concentrate on its crops. Food is mainly purchased from
town and market after payday on a Saturday, apart from these was daily access to an established
canteen. Fortnight is worked out on harvested bunch at a steady rate of K0.07 per bunch of palm age
range from 8 to 12 years. As such, fortnights varies depending on individual inputs with an average
earning of K171.85 per labour which is approximately 0.8% of their total input. None of their
earnings lasts until next fortnight or even a week except minority whom are able to plan and budget
properly.
These factors affect laborers well being and consequently affect productivity and sustainability of the
farm production systems. The plantation laborers have minimal will to decide what is best for them,
the supervisors work to achieve target set while the assistant manager’s task is to monitor and compile
reports for the manager to confirm that the operations are effective and sustainable for internal and
external audits. However these factors have been ignored over the years. It was routinely done all
year around and is being systemized by some individuals but its associates are abandon and to name a
few; injury, sicknesses, poor time management and lack of personal budget, lack proper diet and
family planning leading to poor out turn or poor attendance in past four years. The result table is a
clear indication as it confirmed our poor outturn drop and highlight possible causes.

Results Summary Table: Comparison of employees’ attendance before and after
the project work.
Status

Before trial

After trial

Comments

Cutters (B)

82%

92%

10% improvement

Wheelers (A)

77.3 %

92%

15% improvement

LFC’s (C)

84 %

94%

10% improvement

Total Harvesters

81%

93%

12% improvement

Source: Operational standard sheets Sapuri Plantation New Britain Palm Oil Limited, mid 2010
Calculated Economic Value of 12% Improvements:
Oil Extraction Rate: CPO = 21% and KPO = 5%. & K2694/Tone
Calculation:100% of 49 Cutters = 49, 81% of 49 before = 40 and 93% of 49 (after) = 46
 That is 6 more A/B/C’s then before, so 6 X 2.5 tones per A/B/C’s = 15 tonnes per day from
only six As
114

Proceedings of RST UPNG Sci. Conf. Nov 2014
 15 x 98 = 1470 tonnes
 So 1470 X 21% = 308.7tonnes. And 1470 x 5% = 73.5tonnes
Total = 382.2 tonnes therefore 382.2 X K2694/tonnes = K1 029 646.800
The company would have lost K1 029 646.800 on average. This was gain from only six cutters within
98 days.
Sustained improvements in access to clean water, healthcare, nutrition, and educational information
on how an individual may lead a healthy leaving are essentials. A single manual is a package of
usable technique utilized routinely over time to meet targeted duties and achieve high productions
which machines cannot do and in a more satisfactorily manner if used and maintained properly. When
the management had had informed, above has been taken into consideration through investigation,
awareness and actions as stated previously. The laborers were taught to eat enough per day and drink
adequate water, had more than six hours of sleeping time and so forth. Personal hygiene, time
management and budget are essentials that laborers lack, also they must be fully aware of their job,
the environment in which they are working and the products they are producing. They were positively
motivated through instillation of new water source and initiations such as canteen price regulations
and establishment of nutrition garden. Also important was proactive engagement of nurse to not only
diagnose and treat patients but to also monitor pretentious patients.

2. Management Systems
The company operations are documented into company’s standard manual and plantation formats for
all employees demanding implementations. Management structure enables line managers to execute
target and exercise powers in order to achieve daily work plan/targets. Promotions are based on
performance and innovations aiming high working standard and increase production at minimal costs.
As it is, triangular chain of command as a matter of subjectivity in the structure is directly
proportional to incentives across all levels. Consequently cheap labourers are forced by the enabling
system to achieve target in the harsh working environment allowing alterations of attendance records
as well as production data by line managers.
Socioeconomic aspects were partly addressed in the system by considering productivity and
sustainability through consistency and implementations. It has yield great improvements in both
divisions (A & B). They were responsible for their own responsibilities and take ownership of what
they should do for themselves, which fallows the company’s standard operations. A classic example
was no more pretending patients because follow-up of genuine patients are done twice a day. Unlike
before, improvement in attendance result in high production, shared workload, crop quality control at
the time of harvest was very good and also good crop husbandry practices were applied during
harvesting. They have gained monitory value as calculated above for the company.
Plausibly it cannot be maintained nor go above the standard, the problem needs integrated solutions
with precautions and remains the greatest challenge for New Britain Palm Oil. A clear understanding
of indigenous participation and equality is lacking which urgently needs government interventions or
reformation. These working classes are mostly disadvantage culturally, geographically and literally
low level and as such honor their working privilege as a fortunate place to settle. They need basic
knowledge and fairness to sustain and enjoy their livelihood as well as contribute effectively to the
society. According to Unage, (2010) the current thrust toward profit driven economic development in
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PNG will not achieve much for citizens, as is increasingly experienced today. A very special segment
in the Constitutional Planning Committee Report already envisaged the exploitation by profit-driven
multi-national corporations, and underscores the importance of social economy for the people of
Papua New Guinea. That report states: “We see the darkness of neon lights. We see the despair and
loneliness in the urban cities. We see the alienation of people that is the result of the present machine
oriented economy. We see the true social security and the people’s happiness being diminished in the
name of economic progress. We caution therefore that large scale industries should be pursued only
after very careful and thorough consideration of the likely consequences upon the social and spiritual
fabric of our people…” There is overwhelming evidence to suggest that a significant number of
people who live by the fruits of multi-million dollar, multi-national corporations live in misery,
loneliness and spiritual poverty. We believe that since we are a rural people, our strength should be
essentially in the land and the use of our innate artistic talents (Constitutional Planning Committee,
1974:2/14).

3. Industry Sustainable Development Context
a. Situation analysis
This report identifies a special occasion for applications of concerted effort to measure productivity,
efficiency and sustainability in terms of development performance in agribusiness sector. It demands
private public partnership approach plausibly further interdisciplinary research is required to improve
data management system and create an adaptable methodology to process vital information for the
company, social and scientific research institutions, development partners and the state agencies.
There is a need to activate Consolidated Company’s Act 1997 section 165 (a & b) to not only
stimulate social and economic development but also contribute to responsible sustainable
development strategy. We can;

1. Develop and establish innovative approach to collect social and economic base line data
of registered companies operating plantations around PNG.

2. Ensure that adequate measures exist to prevent the records being falsified and detect any
falsification of them.

3. Measure the real economic values of commodities, land potential and utilize labour effort
with care.

4. Converting the raw data and records into useful information for sustainability
departments of the operating company, science and social science research institutions
and state agencies for adequate responses.

5. Evaluate, release and sharing of these important socioeconomic information with the
company’s boards or executives to;

a) Promote innovations (research, science and technology),
b) Improve welfare status of labour,
c) Minimise input costs and increase production
d) Apply appropriate text regime based on facts (equality),
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e) Minimize land use and increase productivity,
6. Establish monitoring and evaluation platform to regulate standards/certified firms.
7. Reviewing other operating companies for responsible sustainable development.
8. Establish standards and monitoring guidelines through consolidated effort
9. Adapt the methodology into the future for it gives hope for downstream processing and it
cultivates socio-economic equality in both micro and macroeconomic scale.
Migration history, landlessness and very low literacy level is posing threat that might lead to many
social, economic and environmental problems apart from subject being investigated in the near future.
The company is serious in doing agribusiness here in PNG and is willing to assist government system
in its effort to achieve Medium Term Development Strategies and PNG Vision 2050. Challenge is
placed on provincial arms of the government and respective national regulators to consolidate, review
and implement their constitutional obligations responsibly.

b. Conversion of data into useful information
There are many different methods that can be used to monitor performance on social responsibility,
including reviews at appropriate intervals, benchmarking and obtaining feedback from stakeholders.
Organizations can often obtain insights into their programs by comparing their characteristics and
performance with the activities of other organizations. Such comparisons maybe focused on actions
related to specific core subjects or on broader approaches to integrating social responsibility
throughout the organization. One of the common methods is measurement against indicators. An
indicator is qualitative or quantitative information about results or outcomes associated with the
organization that is comparable and demonstrates change overtime. Indicators can for example be
used to monitor or evaluate the achievement of the project objective overtime. They should be clear,
informative practical, comparable, accurate, credible and reliable. It is also important to recognize that
social responsibility is about more than specific achievements in measurable activities such as
reducing pollution and responding to complaints. Social responsibilities is based on values therefore
monitoring can involve more subjective approaches such as investigating, interviewing, demographic
surveying, providing basic needs, observing or other techniques for evaluating behaviour and
commitments.

c. Vulnerable population
Plantation labors are the most vulnerable population to feel the effect of any economic conditions,
now booming economy even though they work tirelessly for the society’s economic development.
Their effort is tremendous, unrecorded and has got outstanding history which has learnt in high school
curriculum. The graph below is kept statistical measure of their productiveness only. Their
contribution to the economy in terms of export by volumes is extracted from 1991 to 2007. Despite
the tremendous production into the PNG’s National Gross Domestic Products, they are still unequally
treated or not treated at all under our current independence governing system and are also incapable of
expressing their democratic rights.
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Source: National Statistical Office and Bank of Papua New Guinea

As seen from the above graph, clearly oil palm has produce exceedingly above other agricultural
commodities and continues to rise above the scale. Therefore problems that exist within the operating
standard management system of operating companies is a fortunate stepping stone to plan and drive
sustainable development. Development planners have continued to raise concerns regarding
deficiencies in the quality and quantity of data at their disposal and the need to link up with functional
agencies for implementation.
The same concern remains valid today. Their contributions towards nation’s infrastructural
development, public health services, and education and sustaining employment opportunities
throughout the country continuity were ignored due to lack of proper data management systems. It is
particularly important for activation of Consolidated Company’s Act 1997 and reformation process to
also govern the plantation communities. A lot of effort has been done and put to improve rural areas
in a couple of national forums and conferences to bring changes but sadly nothing strategically is set
to govern this particular indigenous group of people in the implementation years ahead. They have
been ignored by both the management systems of the operating companies as well as excluded from
the national government budget. They would continue to miss out and leave miserably wile economy
is progressing. It was confirmed not only in East New Britain Province alone but also in West New
Britain, operations in Balsa, Coconut, and Copra also needs changes. People who live by the fruits of
multi-million dollar, multi-national corporations live in misery, loneliness and spiritual poverty.
Strategically social responsible questions are; Can the plantation labour force recognized? Is all
agricultural industries certified? If yes how are they certified? Are we sure that certified industries
comply with its standards? And do we set up a monitoring system to accomplish our objectives? Who
does that and how is it done? What is the governance priority in primary industry’s sustainable
development? Can we measure individual effort towards sustainable production and reward them
according to their performances? Are we sure that our statistical systems are clear, informatively
practical, comparable, accurate, credible and reliable?

118

Proceedings of RST UPNG Sci. Conf. Nov 2014
SUMMARY
The production cycle of giant agricultural companies in Papua New Guinea involves indigenous
labour participation and that they are intensively used to achieve targets without exploring their
capabilities. In this case it was understood that labour effort is the basic ingredient for sustainable
resource exploitation. Critically problem areas need to be identified and addressed responsibly for
sustainable development. There is a need to know where we are operating, the background of our
employees, why is the problem exist and how to solve welfare issues. Any working environment
requires complete understanding of the concept of sustainable development and social responsibility.
Sustainable development has three dimensions – economics, social and environment which are
interdependent; for instance the elimination of poverty requires the promotion of social justice,
economic development and the protection of the environment. Social responsibility lays on the
following principles; accountability, transparency, ethical behavior, respect for stakeholders interests,
respect for the rule of law, respect for the international norms of behavior and respect for the human
rights.
Work conducted in one of NBPOL’s plantation has identified deficiencies in one of its core
operations; it was 88, 91, 84 and 81 percent of outturn percentage in 2007, 2008, 2009 and 2010
respectively. Thus it was confidently assumed that all other plantations operating under the same
standard operations have faced the same problem. This unique situation has created a responsibly
simple and structured methodology that can be used generally by authorized stakeholders to obtain
and utilize social and economic base line data for the country’s majority of productive citizens.
Specifically plantation inspectors can do internal audits to ensure compliance of all standard practices
while company regulator monitors outturn percentages of the company and comprehends it with
productivities irregularly. The same information from two separate authorities must be corresponding
during the time of request by external audits to confirm the credibility of internationally certified
operations ISO 14 000 and ISO 26 000.
Records must be crossed checked and corresponded responsibly, an appreciation of foreign enabling
system because moral position cannot be argued neither moral differences be arbitrated by reasons in
any organization. The system is measurable, comparable, reliable and accessible to evaluate and
comprehend outturn record against productivity. At the moment processing this data and convert it
into written information to understand various causes was achieved, it was never been interpreted
professionally before and is always missing from the relevant government regulators because
common ideological shift from state-led to state-facilitated is insignificant in the plantation sectors.
Activating Consolidated Companies Act 1997 Section 165 Subsection 1 (a, b) is required to actualize
vision 2050 in agriculture sector. These should help the future of agriculture industry and the
government to maximize investment returns and improve living standard simultaneously. Addressing
social, economic and environmental aspects in an integrated manner attains the sustainability of our
country as a whole.
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ABSTRACT
The concepts: purpose, law, and order are integral to ‘reality’. When these phenomena concern
human beings and their history, there is more concern pertaining to the dynamics of their interrelationship for resultant harmony in a certain human-transformed society. Human beings are
naturally goal-oriented and are endowed with rationality, consciousness, thought and articulation.
These characteristics are implicit in our everyday experiences and empower us to act autonomously.
We are enlightened through quantum physics, eugenics and systematic theology that laws of nature
and those that govern human moral conduct are purposely fine-tuned and are universal. Humanmodified ecosystems with human-established laws do not operate in a vacuum but are open systems so
are not immune to influence from the overarching natural standards. Desires to transform natural
systems and to establish corresponding laws to instil orderliness are often convoluted by
heterogenous demography (melting pot). Papua New Guinea is a nation with over 800 distinct
languages with numerous dialects, which essentially correspond to diverse cultures and sub-cultures,
yielding a people of multifaceted worldviews. Momentary acts to foster homogeneity in this melting
pot to facilitate harmony and order must come with a deep commitment and a genuine need to
encourage models of unification. There are discoveries and developments in the disciplines of science
and philosophy, and when approached with open-mindedness might shift our ideals of governance for
unity. This paper contains thoughts on the existence of purpose, law, and order in heterogeneous
societies as those we have in PNG, and are contributed with an intention to provoke more thoughts
and discussions in our continuous efforts to maintain unity amidst diversity in this nation.
Keywords: Purpose, law, order, philosophy, science, system,
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INTRODUCTION
In the twenty-first century, people of Papua New Guinea (PNG) contend with rapid physical and
modern development trends, tensions in intra-cultural shifts in our traditional systems, more crosscultural and cross-racial matrimony, increased exposure to infiltration of foreign values and practices,
burdens of bilateral and multilateral relationships, and dynamics of internal socio-economic and
political challenges. Our response to these confrontations, as individuals or as a people, determines
harmony and orderliness in our lives as well as the natural or human-established ecosystems we
inhabit.
PNG is a sovereign nation and her people are aware of their freedom in the context of governance.
This political independence is not exclusive because we co-exist and interrelate with other nations,
bound by conditions of Leagues, Treaties, Accords, Conventions, Covenants, Trade, or any such
agreements we enter into in this global community. We, in the context of these relationships, are
hence, subjected to peer scrutiny in the areas of human development index (HDI), inequality human
development index (IHDI), multi-dimensional poverty index (MPI), gender inequality index (GII),
and corruption perception index (CPI).
There have been affirmative evaluations of these development indices, which reflect our ability to
provide tangible leadership and management, draw confidence from our peers as well as the citizens
and visitors. We have also had a fair share of negative reviews, which we ought to consider, pause,
reflect and then embrace as constructive challenges to trigger courage in us to aspire for creativity and
meaningful redirection. What ought to undergird our progress as a people and a sovereign nation, is
not only our aspirations towards fulfilling goals we establish or those others set, but also, after having
reached them, cause minimal negative impact on values and principles that bind our humanness.
Numerous national and local events momentarily unfold in PNG, followed by decisions that mandated
leaders and managers routinely make, and more events and decisions that subjects (people) anticipate,
are cause-effect relationships and so require lateral and holistic thought and redress. In a nation
(sovereign or colonised), at least for things physical, hope of an individual or a family or a
community, and preservation of an ecosystem largely depends on issues pertaining to leadership and
management. Maxwell (1993) theorised that, “Everything rises and falls on leadership”. This
statement has significant implications and we do routinely experience its impacts as individuals or as
a people. This experience is real because it is directly linked to purpose, law, and order, which are
again linked to an undergirding cause-effect principle.
PNG is a ‘nation of many nations’ and this assertion is defined by its multi-lingual and multi-cultural
status. Written advertisements and speeches have portrayed this nation as the “Land of the
Unexpected”, and this further affirms the existence of diversity in PNG. In this characteristic ‘melting
pot’ (heterogeneity), varied worldviews is inevitable. There are observable instances where
interpretations of concepts (political or sociological) almost always have cultural connotations. An
acceptable practice and interpretation of a common tradition in one cultural setting may be the
opposite in another cultural grouping.
Cultural and traditional knowledge and skills developed, preserved and perpetuated in our societies
through decades have served unique purposes. We are aware of progressive ‘invasion’ and integration
of ideas of post-modernism into established norms, which has resulted in contemporary culture in
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many societies in PNG. This shift has the potential to impact on ideals people have adopted and
observed over the years and will influence their thought patterns and conducts. Dynamics of
development, preservation, perpetuation, and shift, are integral to human societies and occur for the
observance and fulfilment of purpose and order. There are on-going discoveries and developments in
the disciplines of science and philosophy and when approached with open-mindedness, might shift
our ideals of governance for unity.
This paper is a review of developments in the overarching principles of purpose, law, and order and
highlights their relevance in creating unity in a melting pot. Thoughts contained in this paper are also
intended to provoke more thoughts and discussions in our continuous efforts to maintain unity in
diversified cultural heritage in PNG.

PURPOSE
We think of, write about, and discuss matters of purpose on a daily basis. Purpose occupies the human
mind; it uses up our time, and depletes our energy and resources. What is that for? What is the use of
this thing? What will this ‘instrument’ achieve? Do you know why you are talking and conducting
yourself in that manner? Why did you settle for that decision? We frequently ask these and variants of
purpose-oriented questions every time. Purpose appears to have been wired into the fabrics of the
universe.
Quantum physicist, Dr Fred Alan Wolf, while explaining the universal Law of Attraction commented,
‘You cannot have a universe without mind entering into it’. If mind undergirds and ‘energises’ the
universe, purpose has to be the consequence of a mental activity. Our experience is that the mind ‘out
there’ ‘communicates’ with the mind ‘in here’ to conceptualise and crystallise meaning and purpose.
Through this interaction we are enlightened that matter constitutes all physical ‘realities’ (living and
non-living; known and unknown; seen and unseen) of the universe. Science enlightens that pure
material entities of reality neither have consciousness nor ego (Flew, 2007).
In our search for purpose through formal or informal education, we encounter contrasting worldviews.
Evolutionary biologist, Sir Julian Huxley (1887-1975), wrote: ‘In the evolutionary scheme of
thought...The earth was not created, it evolved. So did all the animals and plants that inhabit it,
including our human selves, mind and soul as well as brain and body...’ Dawkins (1986) wrote,
‘Natural selection, the blind, unconscious, automatic process, which Darwin discovered …has no
purpose in mind. It has no mind and no mind’s eye; it does not plan for the future. It has no vision, no
foresight, and no sight at all’ (emphasis added).
As agents with goal-oriented and semiotic-driven dimensions, we capture and filter these and similar
knowledge for rational options. It is observable and correct that nature selects. But, natural selection,
must select from material already available; it cannot select from nothing. Questions that beg answers
are: ‘How do these seemingly purposeful materials become available for any selection to begin?’
‘What is the purpose for making specific materials available at specific space-time for selection to
proceed for specific purposes?’ The arguments supporting acts out of blindness, unconsciousness,
purposelessness, visionless, mindless, do trigger oodles of enquiry in human minds and conscience
because we observe the contrary in our momentary experiences. If the mental apparatus we possess
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has the capacity to reach out into the universe and capture and compress the concepts into
mathematical expressions that empower us to comprehend our universe, then there must be
involvement of rationality and intelligence.
Rees (1999) describes, “…just six numbers that constitute a ‘recipe’ for a universe” He adds, “The
outcome is sensitive to their values (e.g. N =1 x 1036 or Є = 0.007). If any one of them were to be ‘untuned’, there would be no stars and no life”. He asks two seemingly thought-provoking questions, “Is
this tuning just a brute fact, a coincidence? Or is it the providence of a benign Creator?” He continues,
“This realization offers a radically new perspective on our universe, on our place in it, and on the
nature of physical laws”. Laws of nature that govern the physical entities and processes appear to have
been “fine-tuned”, implying an involvement of a mind in their establishment.
In search of purpose, scientific inquiry brings us to a moment of the “Big Bang” singularity and
introduces us to mind-boggling phenomena. Figure 1 illustrates issues that challenge the mind.

Theological teaching Philosophical reasoning

Scientific Inquiry

Current time

The Big Bang

God

“Super Mind”
“Mysterious force”

“Quarks”
“Dark matter”

“Super intelligent force”

“God particle”

“Superior reasoning force”

“Super strings”

“Superior reasoning power”

“Quantum fluctuations in vacuum”

“Illimitable superior spirit”
Figure 1 Discoveries and interpretations of scientific inquiry, philosophical reasoning and theological
teaching. This figure was constructed out of textual citing from several references.
Humankind is served these worldview-concepts emanating from theological, philosophical and
scientific interpretations of purpose. This knowledge with accompanying interpretation facilitates our
rational judgment prior to any choice. This goal-oriented, conscious preference involves “mental
power and capacity”. Human minds are capable of reaching into the vastness of cosmos and
capturing and crystallizing concepts into value-based ideas, principles and theories. For this process to
eventuate, we must first accept that this universe is rational, intelligible and purposeful.
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Charles Darwin in 1859 foresaw human understanding in the decades ahead when he wrote in The
Origin of Species, “In the future I see an open field for far more important researches. Psychology will
be securely based on the foundation…of the necessary acquirement of each mental power and
capacity by gradation. Much light will be thrown on the origin of man and his history” (Darwin,
1859) (emphasis added).
Human experience reveals that rational judgments and acceptance of a thing or a behaviour-altering,
attitude-changing idea is integral to purpose. Purpose facilitates human recognition of the value of a
thing or an idea. Purpose determines an act and a choice. Purpose underpins function. Purpose
determines usage. Purpose facilitates destination. Purpose links consequence. Purpose ascertains
order.
Purpose and mind are integral elements in the process of creation, procreation, discovery, and
invention. It is observable that mind is always involved in any purposeful processes, be it activity
results in a positive or a negative outcome.
Purpose is defined as an original intent of something or motivation for something…the reason or
desired result for the initiation or an action of production of a thing (Munroe, 2004). It appears that
there is no way of knowing let alone understanding why a thing exists without first being aware of its
purpose. When an original intent of a thing is appreciated, there is ample care in appropriating the
thing to arrive at desired outcomes – outcomes that fulfil the original intent.
The concept of purpose (original intent) does find its relevance on issues and constituents that define
and characterise PNG. The landmass of this nation and the people of diverse cultural heritage are realtime physical entities and exist for a purpose. The fossilised wealth, biodiversity of flora and fauna
(terrestrial and marine), and varied natural ecosystems that ‘decorate’ this nation exist for a purpose.
The human-established systems and mechanisms, human-enacted Acts and Laws that facilitate all
aspects pertaining to governance of purposeful entities in PNG exist for a purpose. An act of empirical
study, goal-oriented work and diligent care rendered to the attributes of this nation are triggered by
purpose.
Governance of purposeful entities in real-time in terms of leadership and management provisions
must come with heightened awareness of respective purposes. When purposeful entities are governed
haphazardly or for purposes other than the original intent, abuse is inevitable. This act to govern with
purpose was captured in “Our Common Future” published in 1987 where the conservational phrase
“Sustainable Development” was coined. When we search further back in history, we find Scriptural
phrases in the book of Genesis that read “…and let them rule over all the earth…and take dominion
over it…and work it and take care of it.”
Our purpose as purposeful “images” is encoded in these historical transcendent texts. We have been
purposed to “rule over the earth”; “take dominion over it” and “work it”, which translate to acts of
studying, researching, discovering, working, and enjoying the creation. But, in so doing, we have also
been instructed to “take care of it”, which translates to “Sustainable Development”. In retrospect,
laws, statutes, ordinances, commandments, or precepts are established, exist and are enforced for the
very purpose of protecting purposeful entities from exploitation, abuse and violation. Law affirms
purpose.
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LAW
The statue of “Lady Justice” majestically sits blindfolded and equipped with a sword and two scales
held in both palms. The blindfold, sword and scales represent impartiality, authority and rational
judgment to contrasting views, respectively (Luban, 2001). The stature of the statue appears to have
been purposely carved to reflect the essence and authority of law and to attract corresponding awe and
obedience from subjects. The statue exudes elegance, which reflects the dynamism of and reverence
towards law.
What is law that the universe and humankind inclines or responds to its existence? Would states of
consciousness or unconsciousness negate law? Could we live or things exist without law? Law is
directly linked to purpose. Abnormal application or utilization of purpose is what law stands and sets
out to remedy and protect. Decisions to establish new laws to protect purpose, therefore, proceeds
with empirical analysis and support, extended debate, and are agreed and established through mutual
consensus. Flew (2007), professor of philosophy asked, ‘How did the laws of nature come to be?’
Clive Staples Lewis succinctly reasoned: “Men became scientific because they expected law in nature
and they expected law in nature because they believed in a lawgiver.” A giver of something gives for
an intended purpose. Law is purposeful; Law is given; law is applied, and law is appreciated.
Law does not only set out to protect that which is living, but also that which is non-living. Both
categorical constituents are purposeful entities of reality. There are human rights movements. There
are establishments to protect degradation and exploitation of biodiversity. There are animal rights
advocates. There are activists who protest over environmental (atmosphere, land and water) pollution.
There are agreements termed as Declarations, Conventions, Charters, Covenants, Tribunals, and
etcetera. Their terms of reference may be international, national, or local, but there is an underlying
objective: to provide protection to purposeful entities from abuse.
It seems evident from everyday experiences that there appear to exist three ‘kinds’ of law that govern
or regulate the affairs of ‘reality’ in the universe: (i) Natural Laws (guides from the Lawgiver for
physical and biological entities), (ii) Moral Laws (guides from the Lawgiver for human conduct and
interrelationships between their Maker, their kind and their environment), and (iii) Human-established
Laws (guides from mandated human beings for them, their kind, and their ecosystems) (Andrews,
2009).
Human being’s ordained jurisdiction to institute functional guidelines for orderly governance of our
systems and mechanisms is limited to Human-established Laws. Mandated persons can make, update,
or review laws that are human-established for our convenience and comfort. There is a caution. We
must be mindful that instruments we institute to govern purposeful entities are in many aspects linked
to Natural Laws and Moral Laws. We have no jurisdiction over the creation of these two kinds of
laws, but we are privileged to discover and observe them. These two overarching laws impose upon
our conscience this realisation that ignorance of or negligence to their linkage to laws we establish has
negative consequences. It is evident that we may avoid, disobey and manipulate laws of men (humanestablished laws) for a while, but there are greater laws that cannot be broken. Figure 2 illustrates the
linkages that exist between the three kinds of law.
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Creator
(Law Giver)

Natural Laws

Mandated Human
(Law Giver)

Moral Laws
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Laws

Living attributes

Interactions/
Relationships

Non-living attributes

Figure 2 Inter-relationships between the overarching natural and moral laws and the humanestablished laws. Captured and constructed from textual arguments from Andrews (1999).
It is noticeable that purpose and law appear to have a transcendent, top-down causation. It therefore, is
self-evident that ignorance to purpose of purposeful entities and egoistic tampering of laws that
govern them inevitably leads to disorderliness. This disorder arises from ‘strain-stress’ conditions
experienced by entities that normally are governed by more than one kind of law.
Where disorder pertains to human and human communities, there often is heightened disorder because
human beings observably constitute defined aspects and structures, which empower them to act
autonomously. These natural attributes are not only beneficial but can also lead to the creation of
‘melting pot’ environment, which may persistently pose challenge to mandated leaders and managers.
Investing time and effort to comprehend issues surrounding heterogeneous aspects of human beings as
well as ecosystems they inhabit is crucial in any attempt taken to instil order.
‘MELTING POT’
A literal pot in use at cooking characterises dynamic interactions of molecular forces between the
constituents (food, water, metal) in the vessel, powered by external energy (e.g. heat energy for the
fire). This illustration is analogous to any ecosystem with complex constituents, which are living, nonliving, seen, and unseen entities. Figures 3 and 4 demonstrate this complexity.
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Biotic
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Figure 3 Different structures and aspects of physical entities in heterogeneous ecosystems.
Components are slightly modified from Ouweneel (1986).

Culture

Personal
experience

Worldview

Values

Our
Decisions
and actions

Figure 4 Different aspects of human beings, the significant constituents of a heterogeneous ecosystem
(adopted from Withgott and Marcum, 2008).
The illustrations reveal that holistic study and understanding of ‘forces’ that govern various
components in an ecosystem are highly necessary prior to establishing laws that guide them. Newly
introduced guidelines into any system often alters practiced norms, hence, have the potential of
changing the mood, attitude and behaviour of subjects. These changes are not limited to human beings
and other living entities but also extend to the non-living constituents. As discussed earlier, this
observation stems from knowledge that any human-established laws that do not rhyme with
overarching natural and moral laws almost always have the potential of negatively impacting upon
normal functioning of ecosystems.
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When we apply retrospect arguments in the context of sustainable development and governance in
PNG, we immediately realise their relevance. PNG has over eight hundred distinct languages and
numerous dialects. Essentially, languages correspond to diverse cultural heritage presenting a scenario
of ‘a nation of many nations’. About 85% of the people live in the rural communities, which are
politically demarcated into over 6,000 council wards, over 300 local level governments (LLGs), 92
districts and 22 provinces.
Peoples’ experiences, perspectives and explanations of themselves and the surrounding world are not
limited to material components only but include metaphysical aspects (Figure 3 and 4). There are
integral structures and aspects with visible demarcations between respective entities. These
separations govern the ways in which the constituents react to surrounding environments. There are
those that respond to stimuli aided by mere chemical reactions; those that respond based on instincts,
reflexes and tendencies, or affections, impulses, emotions, or cognition, imagination and volition
(Ouweneel, 1986). This reflects why establishing laws as guides to govern beings and their physical
environments and activities that accompany their coexistence for sustainability is often a daunting
enterprise, and demands a holistic approach.
These complexities are accompanied by postmodernism ideas pertaining to subjectivism and
relativism, and these influence our judgments. We may go “my way” or “their way” or “our way” or
“PNG way”, and etcetera. However, we ought to momentarily allow our ‘ways’ to come under
scrutiny from undergirding eternal principles. There are inherent absolutes that traverse our
conscience, not only in times of comfort and convenience, but also in times of challenge and
controversy.
Heterogeneity (melting) we observe in PNG is concretised in the popular expression “Land of the
Unexpected”. This ‘reality’ does pose lawmakers, policy experts and commoners much challenge
when matters pertaining to sustainability and order are deliberated.
ORDER
Order is a consequence of proper understanding of purpose and diligent observance of law and other
guidelines. The opposite is true for conditions of disorderliness. Governance of purposeful entities and
proper enforcement of laws and policies that empower them or preside over their existence is what
those in positions of responsibility ought to foster and the government must facilitate as mandated
guardians. Promotion of solace in conscience of an individual citizen or a visitor and orderliness in
systems and mechanisms of the surroundings are what we expect of executive, legislative and judicial
arm of the government of the day.
C.S. Lewis (2002) once observed: “The State exists simply to promote and protect the ordinary
happiness of human beings in this life. A husband and wife chatting over a fire, a couple of friends
having a game of darts in a pub, a man reading a book in his own room…that is what the State is for.
And unless they are helping to increase and prolong and protect such moments, all the laws,
parliaments, armies, courts, police, economics, etc., are simply a waste of time.”
Changes always translate into observable effects. Whether we institute them in our homes,
workplaces, community or the nation, these must be made with diligence, transparency and
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accountability. We are morally bound to promote and uphold these values in our dealings and then
preserve the resultant attitude. We need to observe that purpose, law, and order are linked and this
relationship exists for greater good. When we do, we will see less inquiry; spend less time on
explanation, experience less disorder, and ‘…promote and protect the ordinary happiness of human
beings…’ in this country. When human beings are satisfied, comfortable and are at peace, and when
our nation’s development progresses along the principles of sustainability (ecosystem-friendly), we
will experience general order.
CONCLUSION
Since environmental issues came to the fore as practice-altering agenda in 1970s, conferences,
workshops, meetings, summits have been organised and held. Discussions in these forums have led to
Agreements, Treaties, Resolutions, and etcetera in our plight to derive solutions. Rockstrom et al.
(2009) illustrated our precarious earth when the article centred its discussions on the issues pertaining
to “planetary boundaries” and “safe operating space for humanity”. It is most likely that concerns
presented in the paper caused Ban Ki-moon, the UN Secretary General to say in 2009: “We have our
foot on the accelerator driving towards the abyss.”
Discussions surrounding environmental issues resulted in the publication of “Our Common Future” in
1987 coinciding with the coinage of the phrase “Sustainable Development”. When we search further
back in history, we find Scriptural phrases in the book of Genesis that read “…and let them rule over
all the earth…and take dominion over it…and work it and take care of it.” The statement “Sustainable
Development” had been encoded in the phrase “take care of it” thousands of years back in time. It is a
transcendent purpose for human beings to be responsible in our dealings with our neighbours, our
environment, and us. We encounter repercussions when our schemes and conducts are contrary to the
overarching laws and intents (purpose).
In the context of this Conference with its theme: “Promoting Responsible Sustainable Development
through Science and Technology” in PNG, and issues discussed in this paper, the following questions
are asked, in conclusion:
•
•
•

•
•

•

How do we balance exponential growth (population or economy) with finite resources?
What are the projected developmental limits considering the issues highlighted on “planetary
boundaries” and “safe operating space for humanity?
What are the persistent and immediate unconsolidated challenges that require prior resolution,
so that our national approach for responsible sustainable development takes a lateral
consolidated progress?
What are the forecasted empirical impacts of the policy shifts that may be expected so that
contingency strategies are discussed and agreed for prior resource allocation?
Would “taking our feet off the accelerator” and limiting the current trend of exploration and
extraction of terrestrial or marine resources significantly hinder our comfortable development
and growth? If not, could we consider strategizing to ‘slow down’ and reserve some for latter
appropriation and benefit?
Would it be demanding too much from our mandated legislators and policy-makers to spare
sufficient time for round-table discussions with the experts in science and technology?
Wouldn’t this deliberate approach facilitate more informed decisions that then translate into
‘real-time’ policies for sustainability?
130

Proceedings of RST UPNG Sci. Conf. Nov 2014
The definition of “Sustainable Development” according to the World Commission on Environment
and Development, reads: “Development that meets the needs of the present without compromising the
ability of future generations to meet their own needs.” This calls for a balanced development and
growth and so it must be our concerted effort to consider the relevance and applicability of the
questions offered in concluding this discussion.

131

Proceedings of RST UPNG Sci. Conf. Nov 2014
REFERENCES
1.

Andrews, E.H. 2009. Who Made God - Searching for a theory of everything. EP Books, USA.

2.

Darwin, 1859. On the Origin of Species. John Murray. United Kingdom.

3.

Davis, P. 1992. The Mind of God. Simon & Schuuster, United Kingdom.

4.

Dawkins, R. 1986. The Blind Watchmaker. W.W. Norton and Company Inc., New York.

5.

Flew, A. 2007. There is a God. HarperCollins Publishers, New York.

6.

Lewis, C.S. 2002. Mere Christianity (Signature Classic Edition). HarperCollins Publishers, London.

7.

Luban, D. 2001. Law’s Blindfold. In: Conflict of Interest in the Professions, p. 23-48, Davis, M. &
Stark, A. (Eds), Oxford: Oxford University Press.

8.

Maxwell, J.C. 1993. Developing the Leader within you. Thomas Nelson Inc., Nashville, USA.

9.

Munroe, M. 2004. Rediscovering the Kingdom: Ancient hope for our 21 st century world. Destiny
Image Publishers Inc., Shippensbury. p. 116.

10. Ouweneel, W.J. 986. Evolution and Humanities. In: Concepts in Creation, Andrews, E.H., Gitts, W.
and Ouweneel, W.J. (Eds), Evangelical Press, England.
11. Rees, M. 1999. Just Six Numbers. Perseus, Basic Books, UK.
12. Rockström, J., Steffen, W., Noone, K., Persson, A., Chapin, F.S., Lambin, E., Lenton, T.M., Scheffer,
13. M., Folke, C., Schellnhuber, H.J., Nykvist, B., de Wit, C.A., Hughes, T., van der Leeuw, S., Rodhe, H.,
Sörlin, S., Snyder, P.K., Costanza, R., Svedin, U., Falkenmark, M., Karlberg, L., Corell, R.W., Fabry,
V.J., Hansen, J., Walker, B., Liverman, D., Richardson, K., Crutzen, P. and Foley, J. 2009. Planetary
boundaries: exploring the safe operating space for humanity. Ecology and Society, 14: 32 [online]
URL: http://www.ecologyandsociety.org/vol14/iss2/art32/Acceseed: 14/11/14.
14. Withgott and Marcum, 2008. Environmental ethics and economics: values and choices.
www.fortthomas.kyschools.us/userfiles/281/...ppt. Accessed: 14/11/14.

132

Proceedings of RST UPNG Sci. Conf. Nov 2014

Implementing the New Papua New Guinea National Health Gender Policy Some Challenges and Opportunities
Russel Kitau1
1

Division of Public Health, School of Medicine and Health Sciences, University of Papua New
Guinea, Port Moresby, P.O. Box 5623, NCD, Papua New Guinea
Corresponding Author: rkitau25@gmail.com

ABSTRACT
Gender- Based Violence (GBV) is a major issue worldwide. Within last two decades much resources
were invested into ending it in Papua New Guinea. In 2015, which incidentally coincides with the end
of the Millennium Development Goals, PNG must reflect on and learn from the past in striving
towards achieving gender equality. The purpose of this paper is to review the new National Health
Gender Policy in the context of previous attempts by the governments and development partners to
tackle gender inequality and gender violence. The aim was to highlight potential lessons, which need
to be taken into account to ensure successful implementation of the policy. Conducting a summary of
previous attempts to implement gender policies and programs in Papua New Guinea since
Independence was provided performed the study. This was followed by a review of the new National
Health Gender Policy (2014) to identify challenges and opportunities in implementing the new policy.
A draft review was presented to Health Policy makers and feedback incorporated into the review. The
study found main challenges to implementation includes lack of baseline data, poor coordination, lack
of expertise and cultural beliefs. Three issues in implementation are: (1) no single dissemination
strategy is likely to affect significant changes; (2) dissemination approaches need to target all levels;
and (3) combinations of dissemination approaches targeted at all levels. The opportunity to
disseminate new evidence-based ideas, innovations and cultural changes as the key to overcoming
some of the challenges is now. The opportunity to use evidence- based approach to provide practical
guidance to all the key stakeholders to translate the new health gender policy into action is now. For
workforce training at universities and training institutions, incorporate appropriate gender-based
learning into courses. Non- Government Organizations should evaluate gender workshops. The
national health departmental policy makers must develop baseline data to monitor progress, and
hence, undertake more research to 1) explore health workers experiences with the gender-based
violence and; 2) how much gender-based violence will costs for the whole health systematic response.
Keywords: Gender, health, policy, implementation, challenges, opportunities, behaviour, change
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BACKGROUND
Gender Based Violence (GBV) is a major issue worldwide (WHO, 2005). In most countries, including
Papua New Guinea (PNG), GBV, is now on the priority policy agenda. Within the last two decades, a
lot of time, effort and resources have been invested into developing strategies to reduce GBV in line
with two Millennium Development Goals (MDG), being MDG3 (promoting gender equality) and
MDG6 (Combating HIV/AIDS malaria and other diseases). But time is running out. The deadline for
achieving these MDGs is 2015 (which is less than 500 days away). Recent reports show that, some
countries have done well, whilst others haven’t (Pacific Islands Forum Report, 2011). Is Papua New
Guinea on track? If yes, then there is a reason to celebrate, if not, then, it is time to critically assess
some of these strategies and use this opportunity to make some changes for the next ten years.
Reports by WHO (2007) and UNAIDS (2010) concluded that violence against women by intimate
partners and others and sexual abuse of children are both common in PNG, and that these acts
increase the risk of HIV transmission. Similarly, Bradley (2011) reported that violence against women
in PNG is a barrier to the achievement of the MDGs. Furthermore, the lack of data and agreed
methods and standards for measuring its various forms prevented the inclusion of an indicator of
violence against women for the MDG3 target (Bradley, 2011). Bradley (2012) found that there was
“very little cause for optimism that PNG will be able to meet the targets of MDG3 and MDG6 by the
2015 deadline.” These reports strongly suggest that PNG is unlikely to achieve its MDG goals.
In 2014, the PNG National Department of Health (NDH) launched the National Health Gender Policy
(NHGP), which aimed to help the country achieve its gender policy objectives. The new policy states:
“Today, the policy environment in gender and health is ripe. The health sector provides opportunities
for integrating a gender perspective both organizationally within the NDH and in health sector
policies and plans” (PNG NHGP, 2014). While the policy environment may be ripe, the greatest
challenge lies in implementing and evaluating such policies.
This paper reviews the new PNG NHGP within the context of previous attempts to develop and
implement gender policy initiatives. The aim is to help those responsible for implementing the new
policy to avoid repeating mistakes of the past. The paper is structured into four sections. Section one
provides background on PNG and the place of gender in its independent constitution, while section
two outlines previous attempts to implement gender policies. Section three reviews the new NDH
Gender Policy, including its strengths and limitations. Section four highlights the importance of
grounding the implementation of the NHGP in research and other experiential evidence, to avoid the
pitfalls of previous attempts to foster gender equality in PNG.
METHODS
Summary of previous attempts to implement gender policies and programs in PNG since
Independence was provided. This was followed by a review of the new PNG National Health Gender
Policy (2014) to identify challenges and opportunities in implementing the new policy. A draft
review was presented to Health Policy makers at the PNG Association of Public Health Specialty
Meeting in September 2014 in Goroka and feedback incorporated into the review.

PNG is an ethnically and culturally diverse country, with more than one thousand tribes and 848
known languages/dialects being spoken. Each tribe or language group was highly independent, with
134

Proceedings of RST UPNG Sci. Conf. Nov 2014
little sense of national identity. Decades of colonial rule over disparate groups culminated in an
independent PNG nation in 1975. As PNG celebrates its 40th anniversary of independence in 2015,
which incidentally coincides with the end of the MDGs, it must reflect on and learn from the past in
striving towards achieving gender equality.
The PNG Constitution has clear objectives to achieve integral human development, equality and
participation, including gender equality (reference). The Constitution also promotes gender equality
through its basic rights provisions, which include rights to freedom and life, as well as freedom from
inhumane treatment. The PNG Constitution is the mother law and all other laws and policies enacted
to support gender equality are consistent with it. The Constitution is also linked to several
international laws, agreements and conventions, including key United Nations international human
rights treaties and international legal instruments on gender equality and women’s rights. These
include:
 The Convention on the Elimination of All Forms of Racial Discrimination (1982)
 The Convention on the Rights of Children (CRC) (1993)
 The Convention on the Elimination of All Forms of Discrimination Against Women (1995)
 Millennium Development Goals (2000)
 The Revised Pacific Platform for Action on Advancement of Women and Gender Equality
(2005-2010)
 The Commonwealth Plan of Action on Advancement of Women and Gender Equality (20052015)
 International Covenant on Economic Social and Cultural Rights (2008)
 Optional Protocol to the Convention on the Elimination of All Forms of Discrimination
against Women (2000)
 Beijing Platform for Action (1995)
 Equal Remuneration Convention (1951)
 Discrimination (Employment and Occupation) Convention (1960)
 Convention on the Rights of Person with Disabilities (CRPD) (2012).
In response to the international commitments, the governments of PNG of all political persuasions
have formulated national strategies to address gender issues. Some of these strategies are reflected in
current policies, including the PNG Vision 2050, the PNG Development Strategic Plan 2012-2030,
the National Health Plan 2011-2020, the National Policy for Women and Gender Equality 2011-2015,
and the Gender Equity and Social Inclusion Policy 2013.
In 1980, the Department of the Prime Minister developed Vision 2050, in accordance with the
National Goals and Directive Principles (NGDP). The concepts and strategic direction of Vision 2050
were rigorously tested during a three-month comprehensive nationwide consultation program in the
89 districts. Papua New Guinean children, adolescents and adults were all asked to contribute to its
development. The people’s response was overwhelming, as men, women and children came forward
to describe their hopes for PNG’s future. Vision 2050 is based on the dreams and aspirations of the
many Papua New Guineans who yearn to live in a country where all people are given a fair go in life.
Vision 2050 is truly the people’s vision.
In line with Vision 2050, the Department of National Planning and Monitoring developed the PNG
Development Strategic Plan 2012-2030, which aims to deliver high quality of life for all Papua New
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Guineans. The directives and goals of the National Constitution guide the broad objectives and the
plan describes how PNG can become a prosperous, middle-income country by 2030.
Next, the NDH developed the PNG National Health Plan 2011-2020, within the framework provided
by key GoPNG policy documents and Vision 2050. Its mission recognises the importance of basic
services: “We will be ranked among the top 50 countries in the UN Human Development Index by
2050, creating opportunities for personal and national advancement through economic growth, smart
innovative ideas, quality service and ensuring a fair and equitable distribution of benefits in a safe and
secure environment for all citizens.”
The PNG Development Strategic Plan (PNG DSP) 2010–2030, developed by the Department of
National Planning and Monitoring (DNPM) is also guided by Vision 2050. The DSP links the
principles and focus areas of Vision 2050 and provides policy direction and sector interventions with
clear objectives, quantitative targets, and baseline indicators. Both documents emphasise that longterm planning needs to be embraced to ensure fundamental improvements in service delivery.
The vision of the National Health Plan is for PNG to be a healthy and prosperous nation that upholds
human rights and Christian/traditional values and ensures affordable, accessible, and equitable and
quality health services for all citizens. The goal is to strengthen primary health care for all and
improve service delivery for the rural majority and urban disadvantaged. The mission is to improve,
transform and provide quality health services through innovative approaches, by supporting primary
health care, health system development and good governance at all levels.
The NDH has also shown leadership in issues relating to gender and sex through the National Gender
Policy and Plan on HIV and AIDS (NACS). This policy takes on responsibilities from the National
AIDS Council Secretariat (NACS) for HIV and AIDS issues and has a strong focus on GBV. Other
policies and guidelines have also been developed to complement this. Several trainings and
workshops on gender and awareness activities have been conducted to sensitize health professionals
to the role of gender and sex in health (as UNFPA and WHO gender mainstreaming for health
managers).
RESULTS
By far, the most extensive initiatives are the National Policy for Women and Gender Equality 20112015 (NPWGE) and the Gender Equity and Social Inclusion Policy 2013 (GESIP). The NPWGE was
developed and is coordinated by the Department for Community Development. The policy outlines
strategies for increasing advocacy against violence towards women and girls and providing services to
affected victims. It also focuses on capacity building, by developing research and legislation to better
address GBV issues. It defines gender equality as when the roles of women and men are valued
equally. The definition has three aspects: equal opportunities, equal treatment and equal entitlements.
As the policy explains, gender equality benefits everybody in terms of overcoming stereotypes,
prejudices, and other barriers, so that women and men can contribute to and benefit from economic,
social, cultural, and political developments in society at the same level (NPWGE, 2011).
The GESIP was developed and is coordinated by the Department of Personnel Management in
accordance with the Public Service (Management) Act (Year 1995). It encourages all public servants
and employees of the public service to “Rise up, step up, speak up” and create working environments
that are respectful, courteous, inclusive, collaborative, equitable and productive. The GESIP identifies
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challenges facing the National Public Service and aims to develop a culture where public service
officers and employees feel supported and confident in identifying and disclosing barriers to gender
equality. It defines leadership, values and behaviours at individual, team and agency levels and assists
agencies with mainstreaming their business processes and systems (egg. recruitment, induction,
training, promotion and performance management). The policy also provides directions and
guidelines to help transform workplaces and enhance the rights of workers, thus improving levels of
health and wellbeing of staff.
Evaluations of all these policies have been conducted, finding that whilst some progress has been
made, significant challenges still remain. In 2011-2012, the World Bank conducted the PNG 20112012 Country Assessment in several PNG provinces to evaluate the NPWGE and the GESIP. The aim
for this evaluation was to identify the gender-related barriers to shared efforts to reduce poverty and to
stimulate inclusive development in PNG. The evaluation found persistent and growing gender
inequalities across a wide range of health, education, and economic and other social indicators.
In the health sector, for example, the evaluation reported a decline in services in rural areas, with
women facing greater obstacles than men in terms of access. When women need to travel to health
care centres, they face greater security risks and bear greater opportunity costs than men. Gender
inequality at home, for example in decision-making and control over resources, also hinders women‘s
health seeking behaviour, causing delays in seeking medical help for pregnancy and family planning
issues. Women‘s education has evident benefits in terms of health status and access to health services,
particularly in rural areas. Improving secondary education for women is therefore critical for
improving the health status of women and children.
The evaluation also found that gender relations and gender inequality are significant drivers of the
HIV and AIDS epidemic in PNG. Women and girls are more vulnerable to HIV infection and other
STIs. Women‘s lack of power and rights in sexual relations and the high risk of GBV both increase
the likelihood of HIV transmission. Fear of violence, abandonment, stigma and discrimination hinder
women‘s willingness to negotiate for safer sex and to seek HIV testing or treatment. The risk factor of
transactional sex is linked to income inequality and uneven development, and is associated with male
migration for employment in enclaves and women‘s financial hardship. Lower literacy and education
among women reduces their opportunity to learn about prevention of HIV and AIDS.
The report clearly and comprehensively describes the challenges of lack of coordination,
management, monitoring and evaluation of the implementation of the policy during 2011- 2012, such
challenges existing despite there being substantial investment input from development partners.
Many, if not all of the recommendations made have been incorporated into national and sector
policies and proposed initiatives, but they have not been translated into funded programmes of action.
Similarly, legislation exists that both upholds women‘s rights as citizens and protects women from
illegal acts, but the justice system does not adequately apply and enforce the law. The consensus
recommendation is that more robust attention to funding existing policies and enforcing existing laws
would have a significant positive effect on gender equality in PNG.
The purpose of the NHGP is to achieve equality in health status and health development through
legislation, policies and programs. The policy also strives to meet the NDH mission to improve
primary health care for the rural majority and urban disadvantaged (p 4). The main goal is for policy
makers and managers to integrate a strong gender perspective into the health sector and to promote
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the health and gender equality of the people of PNG in a just and equitable way (p 13). The absence of
a health gender policy in previous years means that the health sector is yet to institutionalise planning,
budgeting and implementation of gender- sensitized programs across the health system.
The PNG NDH led the process for developing this policy, with assistance from development partners.
International conventions and agreements and existing policies in PNG relating to human rights,
gender and health were reviewed and summarised with current health statistics (p 3). Broad
consultation took place between members of the health sector, development partners and external
experts. Stakeholders who participated in these consultations included the NDH Policy Development
Working Committee, NDH Family Health Services Branch, nongovernment organizations (NGOs),
UN Agencies and partners. A reviewed version of the strategy was presented at consultative meetings
with the support of the WHO Regional Advisor on Gender for final inputs and comments (p 3).
They were guided by six principles (ch 4, p 4-5), being: (1) Development approach; (2) Human
Rights-Based Approach; (3) Informed Freedom of Choice; (4) Millennium Development Goals; (5)
Gendered approach; and (6) Life course perspective. Brief explanations of each these principles are
also stated below. A list of core Government Legislations and Policies relating to gender equality and
women’s rights was used to support the policy (ch 1, p 1, 6).
The text is clearly written and is easy for policy makers and managers to read and understand. Chapter
1 provides a short summary of the main intent of the policy, the historical context, the audience and
the policy development process. It aims to actively promote equality between women and men. To
improve health outcomes, all health care providers must work from a gender perspective, which also
includes the implementation of government obligations and relevant human rights conventions. From
a historical context, Gender Equality Goals were enshrined in the PNG Constitution at Independence
in 1975 (p 2).
There are four key priority areas of the policy, which are described in chapter 3 (p 9-14) as follows:
(1) Policy 1: Integration of gender in NDH programs (p 9). A total of 4 strategies and 16 activities are
listed and described to help in developing a focus on gender-based violence and implementing gender
sensitive activities. The 4 strategies are: (1) Increase awareness of the links between human rights
(egg. reproductive rights) and gender and awareness of the importance of gender–sensitive health
programming for improved health outcomes among policymakers, providers and beneficiaries; (2)
NDH programs are reviewed and revised to include a gender perspective; (3) NDH shall work with
the health sector stakeholders to ensure that programs implement gender-sensitive activities according
to health area program plans reviewed under SO 3.3.1.2; and (4) All health sector program stakeholders’ project budgets include funds to explicitly address gender issues.
(2) Policy 2: NDH gender equitable administrative policies and procedures (p 11). This policy
describes the promotion of gender equitable administrative policies and procedures of the NDH
managers and health service delivery, using three strategies and 15 activities. The strategies are: (1)
NDH to develop human resource policies that are gender sensitive and implemented; (2) NDH
administrative policies to mandate a workplace free of sexual harassment and gender-based
discrimination; and (3) Gender sensitized policies and procedures are developed.
(3) Policy 3: Equal Access to health information and health services (p 12). Priority Policy 3
promotes the importance of equal access for men/boys and women/girls to health information and
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health services that are free from discrimination. There are 4 strategies and 15 activities. The
strategies are: (1) Enhance women’s decision-making role in relation to health seeking practices; (2)
Involve women and men in health seeking practices and in supporting their spouses and family
members of either sex to seek care; (3) Improve gender integration in health services and right to
health, and (4) Increase access to quality health services for all.
(4) Coordination and Partnership on Gender Based Violence (p 14). Priority Policy 4 (ch 5, p 16)
focuses on strengthening the coordination and partnership between NDH managers, stakeholders and
partners by using 2 strategies and 4 activities. The strategies are: (1) Strengthen all existing links with
partners and stakeholders and where necessary, develop new partnership ties amongst those holding
primary responsibility for prevention of GBV and providing justice to those affected by GBV; and (2)
NDoH will work closely with all partners and stakeholders to enhance and promote multidisciplinary
approaches to address gender related issues and GBV and enhance effective coordination across the
relevant sectors.
In terms of audience, everyone is included, it is for all public health agencies at different levels of the
government, training institutions, all relevant partners as well as those accessing health services at all
levels. The policy development process was based on broad consultation (p 2) between the health
sector and partners, with external experts.
There are several challenges associated with implementation of the NHGP. Firstly, It says very little
on the types of indicators that would be used to assess the impact of the policy. In this regard,
Bradley’s (2011) concerns about a lack of data and agreed methods and standards for measuring
violence against women must be taken seriously. Secondly, implementation of the policy depends on
properly trained, qualified and competent managers and the need to adequately train managers who
know how to apply information correctly, at the right time and place.
Thirdly, health is a labour-intensive sector and with the current shortage of trained workforce,
implementation will be affected. To avoid further crises or overburdening the already overstretched
and overworked health workforce, institutions need to increase their numbers of trained health
workers to help implement the health gender policy. The implications of the policy on service
delivery (p 14) depend on addressing the health workers needs. It should start from within and move
out and all managers should take the lead role and be the champions and agents of change by being
role models themselves. Fourthly, coordination is a major challenge. It is the fourth Priority Policy
objective stated in the policy, but is not specific enough on how it will be done. This is a problem
experienced by other sectors.
DISCUSSION
This paper reviewed the new PNG NHGP in the context of previous attempts by the national
governments and development partners to tackle gender inequality and violence against women. The
aim was to highlight potential lessons that must to be taken into account to ensure successful
implementation of the policy. The main lesson is that developing a policy is one thing, but
implementing the policy successfully is another. The history of PNG as an independent nation is
littered with well-intended gender informed policies, plans, programs and other initiatives.
Unfortunately, the problem has been with implementation and evaluation to determine what works for
whom and under what circumstances. The main barriers to implementation include: lack of baseline
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data, poor coordination, lack of expertise, and a cultural mindset among both men and women in PNG
that gender is women’s business and hence men feel uncomfortable to engage in such discussions.
While the barriers to successful implementation are many, for the sake of brevity, this conclusion
highlights only one: the need to take a more robust evidence-based approach to gender policy
implementation in PNG. Bringing about gender equality involves major cultural changes and dramatic
shifts in power relationships between men and women. It involves deep understanding of how new
ideas, innovations and cultural changes are spread or disseminated, leading to changes in behaviours,
attitudes and beliefs. The process involves not only changing individual mindsets, but also those of
groups and communities of people, as well as the systems and institutions. Yet, the policy says very
little about the nature of evidence informing the priority strategies and actions. Table 1 (see Annex 1)
provides a summary of the strength of the available evidence regarding the spread of innovations.
CONCLUSION
A draft review was presented to Health Policy makers at the PNG Association of Public Health
Specialty Meeting in September 2014 in Goroka and feedback incorporated into the review. The
review highlighted and identified an urgent need for studies for research to 1) explore health workers
experiences with the gender-based violence and 2) how much gender-based violence costs the health
system in terms of care and other responses.
The evidence summary highlights three issues, which are relevant to the PNG health gender policy
implementation. First, individually, no single dissemination strategy is likely to affect significant
cultural and behaviour changes. Second, dissemination approaches need to target individual, group
and systems level changes. Third, combinations of dissemination approaches carefully targeted at the
multiple levels of change are likely to be more effective. An evidence- based approach can provide
practical guidance to all the key stakeholders responsible for translating the new health gender policy
into action. For the universities and training institutions which are expected to produce a workforce
that is sensitive and committed to gender equity, a useful starting point is to have reliable baseline
information on the extent to which the current curricular are gender informed. This could be followed
by incorporating appropriate gender-based learning into courses and evaluating its impact on students.
For NGOs facilitating gender workshops across the country, the starting point is perhaps to step back
and ask: what are we trying to change, what is the evidence base for our activities, who else is trying
to achieve the same objectives, how can we value add to each other and evaluate the impact or
benefits across multiple rather than individual programs? For the national health departmental policy
makers charged with the overall responsibility for implementing the policy, the starting point is
national impact or benefit data, rather than output baseline data or bench marks against which to
monitor progress. Equally important is to consider the nature of the evidence underpinning the key
elements of the policy and where possible to make changes in light of the strength of the available
evidence.
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LIST OF ABBREVIATIONS
AIDS-

Acquired Immune Deficiency Syndrome

GBV-

Gender – Based Violence

GESIP-

Gender Equity and Social Inclusion Policy 2013 (GESIP).

GoPNG-

Government of Papua New Guinea

HIV-

Human Immune Virus

MDG-

Millennium Development Goal

NACS-

National AIDS Council Secretariat

NDH-

National Department of Health

NGO-

Non- Government Organizations

NHGP-

National Health Gender Policy

NHP-

National Health Plan

NPWGE-

National Policy for Women and Gender Equality

PNGDSP-

Papua New Guinea Development Strategic Plan

UNAIDS-

Joint United Nations Programme on HIV/AIDSAIDS.
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ANNEX 1: Table 1. Summary of key findings about dissemination approaches examined in this
scan
Dissemination approach
1.Written materials
2.Conferences
3.Social Media
4.Change Champions
5.Training
6.Train-the – trainers

7.Action Research
8.Collaborators

9.Networks

Summary of key finding from the research
Written materials may increase awareness but is less likely to
motivate behaviour change.
Conference may spark awareness particularly in early adapters.
Campaigns have the potential to spread ideas and increase uptake
but evidence of longer term impacts is lacking.
Change champions of opinion leaders can influence uptake,
especially among clinicians.
Training can improve the knowledge and skills of participants but
the impact depends on the format and may be short term.
Train-the-trainers program can help to share skills but may not
always improve uptake of new practices if sufficient resources are
not dedicated to roll out.
Action research has the potential to spread practice within wider
teams, but the evidence base is lacking.
Evidence about the impact of collaborators is mixed. They can help
to improve good practice but effects may not disseminate more
widely than to those taking part.
Ideas are spread through social professional networks, but the exact
mechanisms for this and how to harness networks effectively remain
uncertain.

Source: Debra de Silva, Spreading improvement Tips from Empirical Research, Health Foundation
inspiring improvement, No. 20, Evidence Centre, United Kingdom, 2014
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ABSTRACT
The rapid expansion of information and communication technology (ICT) and the various
Internet technologies are changing the way businesses; governments, institutions and people
are conducting their daily activities. Already businesses are marketing and selling their
products and offering services electronically such as online banking. Educational providers
are offering courses online enabling students to work and learn at the same time.
Governments, especially in developed countries, are providing services such as electronic
visa (e-visa) through the use of these technologies. This paper discusses some of the issues
related to service delivery we face in Papua New Guinea (PNG) and why it is desirable to
adopt e-government, stages of e-government development and a simple e-government
development stage model for PNG. With proper planning, e-government can be and have it
used by clients successfully. PNG could experience the benefits that e-government should
bring with it and help reduce many of the issues related to service delivery. PNG can use a
stage model for e-government development to plan for the implementation and use of egovernment. Lessons learned from other countries in this development may be also used in
the planning and development process. As e-government could help improve efficiency and
effectiveness of public services delivery it is argued that PNG could adopt e-government to
help meet the needs and expectations of clients and help achieve Papua New Guinea Vision
2050.
Keywords: Service clients, electronic government (e-government), information and communication
technology (ICT), service delivery, government-to-citizens (G2C), government-to-businesses (G2B),
government-to-government (G2G), government-to-employees (G2E), stages of e-government, types
of e-government.
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This is a revision of a paper published in the DWU Research Journal. The author is a PhD student within the Faculty of
Business and Informatics at Divine Word University.Daniel, M. (2014). Electronic government: A case for Papua New
Guinea. Contemporary PNG Studies: DWU Research Journal, 21, 54 – 66.
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INTRODUCTION
The rapid expansion of ICT and the various Internet technologies are changing the way businesses,
governments, institutions and citizens are conducting their daily activities. Already businesses are
marketing and selling their products and offering services online such as online banking. Educational
providers are offering online courses allowing students to learn whilst they are working.
Governments, especially in developed countries, are providing information and services such as evisa.
This paper will discuss some of the issues related to service delivery in Papua New Guinea (PNG). It
will seek to examine why electronic government (e-government) is essential in improving public
service delivery in PNG. It will also discuss the categories of e-government. It will seek to show that
one way to provide services effectively and efficiently is through the adoption (implementation and
usage) of e-government. It will argue that e-government has the potential to integrate and transform
government operational processes, interactions between governments and clients, and improve
delivery of services to citizens, business organisations and other government-related entities. Finally,
it will discuss a simple stage model, which could be used to plan for the development and use of egovernment services in PNG.
ISSUES FACED IN PAPUA NEW GUINEA
The Papua New Guinea Vision 2050 states, “we have lacked clear strategic actions in our
development plans…experienced corruption and poor governance” (Department of National Planning
and Monitoring, p. 1, 2009). Lack of effective government and administration in developing countries
like PNG is a reality in our society today (Nelson, 2003). There are many organised corrupt practices
and areas of lack of efficiency in important government departments, organisations and institutions.
Violation of proper business practices and regulations, disregard and breaking of accepted
administrative procedures, rules and standards, accepting bribes and inappropriate conduct for
personal gain cost the government a lot of resources, resulting in poor service delivery.
The government spends a lot of money each year due to the lack of proper management and
monitoring of public servants and their payments (Kenneth, 2014c). Overpayments to public servants
are costing the government about K200 million. Many public servants in many provinces spend less
than 50% of their times at work perhaps and is costing about K6.25 million. This may be occurring
because public servants miss several working days engaging in personal activities, arrive for work late
or finish early. This implies that public servants are receiving pay while not working. This could also
imply that similar amounts of financial resources are also spent on activities, functions and services
with poor results.
The government also spends millions of kina on accessing ICT services each year offered by
telecommunication companies (Kenneth, 2014b). For example, the government spends about K160
million every year on Internet and telephone services. This could be one reason why the PNG
government launched an Integrated Government Information System (IGIS) project to connect the
various government departments. It is anticipated that this system will save the government K120
million per year from Internet and telephone services. This system should also set a foundational ICT
infrastructure for successful e-government implementation and usage. The government is also
introducing a system to address the problem of time stolen by public servants in order to reduce its
associated costs and improve educational service delivery (Kenneth, 2014c).
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An indicator-based expert assessment conducted by Global Integrity (2012) in collaboration with
Australian Agency for International Development (AusAID) and the Consultative Implementation and
Monitoring Council (CIMC) show that there is lack of proper coordination and collaboration between
different levels of government. It revealed some interesting facts about access-to-information in health
care service delivery in PNG. Health related information such as budgetary information, transfer of
financial resources to health clinics and code of ethics for medical professionals is not readily
available or accessible due to lack of proper coordination between the different government levels and
departments in the health sector. Information on diseases, prevention measurements and awareness
programs are rarely made accessible to citizens. Personally going to the provincial health office or
health clinical centre is probably the main way to access that information. This can also suggest
similar lack of integration and coordination in other government sectors resulting in poor service
delivery.
Another study conducted by Singh, Pathak & Naz (2011) in PNG and Fiji revealed “the expectations
of citizens from public services are quite high, but experience has often been negative regarding
service delivery and quality of services” (p. 371). Citizens and businesses pay taxes such as income,
goods and service, and company taxes every year. They vote representatives every five years
expecting improved government and services. However, they often appear to be not served well by
the government and their expectations not met satisfactorily.
Singh, Pathak & Naz (2011) suggest that these problems can be addressed effectively through egovernment technologies. These issues suggest a need for technology such as e-government to
improve service delivery. ICT and Internet technologies are changing the way businesses;
governments, institutions and people are conducting their daily activities. Businesses are marketing
and selling their products and offering services. Examples include Air Niugini Online Booking and
BSP Internet Banking. Educational providers are offering online courses allowing students to learn
whilst they are working. Divine Word University (DWU) uses the Moodle Learning Management
System in a blended learning mode. Many governments are using e-government technologies to
provision of services conveniently.
DEFINITION OF E-GOVERNMENT
E-government has been variously defined such as “a structure that enables the government to deliver
its services online, making them easily available to citizens and businesses” (Alsowayegh, 2012,
p.51). It has also been defined as “the use of information and communication technologies, and
particularly the Internet, as a tool to achieve better government” (OECD, 2003, p.63). Again, it is
defined as “providing public access via the Internet to information about all the services offered by
central government departments and their agencies enabling the public to conduct and conclude
transactions for all those services for example paying tax, claiming and receiving benefits, getting a
passport. It is also about departments harnessing new technology to transform the internal efficiency
of government departments” (Bourn, 2002, p.1).
These definitions will be used to derive a working definition of e-government for this paper, which is
given as “the use of ICT and Internet technologies to integrate and transform government systems and
operational processes to improve access to and delivery of client-centric services”. This implies that
governments can use ICT to transform the way they operate so that services of high quality are
provided to citizens, business partners and other public offices in a more effective and efficient
manner.
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Citizens, businesses, government employees and other government related entities that a government
may interact with through e-government systems will be referred to as clients. The services provided
through e-government refer to those, which can be provided and accessed electronically. This
definition of services also includes information services. For example, the government could provide
a service to allow clients to renew their licenses online, thereby, reducing time, cost and effort
involved in processing and obtaining the license.
TYPES OF E-GOVERNMENT
There are four main categories of e-government (Figure 1): government-to-citizens (G2C),
government-to-businesses (G2B), government-to-government (G2G) and government-to-employees
(G2E) (Alshihi, 2006; Homoud, 2009; Alsowayegh, 2012), as discussed below.

Figure 1: Integration and interaction between governments, citizens and business organisations.
G2G allows similar departments and functions between the three levels of government to integrate
and transform their operational processes and functions. It also allows government departments to
collaborate and improve certain processes that span multiple departments in order to provide clientcentric services efficiently. For example, processing certain applications requiring inputs from several
government departments can be enhanced through G2G systems. In addition, G2G enables
governments to interact with other governments, enabling inter-government partnerships such as
when a government department may need to collaborate with an overseas government department to
work on a particular project that will affect both governments (Alshihi, 2006; Homoud, 2009;
Alsowayegh, 2012). G2G sets a backbone for other forms of e-government. Governments should first
use G2G to integrate and transform their internal systems, processes and communications so that G2B
and G2C systems can be adopted successfully (Atkinson &Ulevich, 2000).
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G2C enables governments to interact with their citizens. It allows government departments to provide
information such as when they publish information on their Web sites for citizens to access (Alshihi,
2006; Homoud, 2009; Alsowayegh, 2012). G2C also allows government departments to provide
services such as when citizens apply for a new passport or renew an existing one rather than having to
wait for months to process using traditional means. In addition, G2C enables governments to interact
with their citizens, allowing them to perform various transactions with governments such as paying
traffic fines online.
With G2Bbusinesses can access business-related services from government such as downloading
tender information and bidding for government projects online. It also enables businesses to interact
and transact with governments such as renewing business registrations or lodging tax returns more
conveniently through G2B systems (Alshihi, 2006; Homoud, 2009; Alsowayegh, 2012).
G2E allows governments to interact with their employees more effectively. An intranet site is an
example, which a government department could use to communicate internal information with its
employees. The government can also use e-learning sites to provide in-house training and
development services (Alshihi, 2006; Homoud, 2009; Alsowayegh, 2012). These services can prepare
in-house staff to better serve clients through G2C and G2B systems.
These categories of e-government seek to meet the needs of different groups of clients that interact
with their government.
WHY ADOPT E-GOVERNMENT IN PAPUA NEW GUINEA
Benefits
Although many developing countries, like PNG, face similar challenges to e-government development
such as lack of infrastructure, when these challenges are addressed properly and e-government
systems successfully adopted, PNG could benefit from the advantages of e-government. Egovernment is not an end in itself but a means to an end. It is a tool, which PNG could use to improve
delivery of high quality services and provide results that meet the needs and expectations of its clients.
It would seem necessary and desirable for PNG to embrace e-government for achieving effective
government, as described below.
E-government could assist in reducing cost, time and effort involved in providing and accessing
services. It could be used to control redundancy and enhance internal operational processes and
functions. Clients will spend less money, time and effort in accessing services from the government
because e-government provides greater convenience and access to services (Alshihi, 2006; Shareef,
2012; Ndou, 2004).
E-government could also create opportunities for businesses, investors and job seekers (Alshihi, 2006;
Shareef, 2012). Although it may cause some to lose employment as jobs become computerised, it
could also create others at the same time. This could cause employees to develop new skills and
knowledge to remain in their employment or enter these newly created areas of employment. The
process of using e-government services should assist clients in the development of their skills and
knowledge, reducing the gap or digital divide between those who have digital skills and those who do
not (Alshihi, 2006; Shareef, 2012; Ndou, 2004).
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In addition, use of e-government has the potential to transform internal operations and procedures and
help control and monitor storage and access of data. This could contribute to the reduction of
dishonest activities in the government and public sector organisations, thereby, increasing
transparency and accountability (Alshihi, 2006; Shareef, 2012; Ndou, 2004).
The quality of decision-making could also be improved as a result of clients having greater access to
information and services to make well-informed choices (Ndou, 2004). For example, access to
information about legal requirements helps clients to become more responsible because they
understand the possible consequences of failing to observe laws.
Government departments, public agencies and private sector organisations can use e-government to
work together, exchange information and speed up their processes and functions, promoting
collaboration and integration, and improving efficiency and effectiveness (Alshihi, 2006; Shareef,
2012; Ndou, 2004) in delivering client-centric services. The prime minister of PNG, Hon. Peter
O’Neil, when launching the IGIS project claimed that through the IGIS system “government
departments and agencies would be better integrated, work in a more coordinated manner, and utilize
technology effectively to serve the people of our country. This communications infrastructure today
would increase efficiency in public service delivery” (Kenneth, 2014a).
These claims suggest that e-government has the potential and can be used as a tool to help reduce
many issues faced in PNG and contribute to effective and efficient provision of client-services. A
study conducted by Singh, Pathak&Naz (2011) confirms that effectiveness, efficiency and equity in
public service delivery can be achieved through e-government leading to high quality of service
delivery. The guiding principles of MTDS 2005 – 2010 and the objectives therein, deliverables of
MTDP 2011 – 2015 and PNG Vision 2050 can also be achieved through effective adoption of egovernment technologies, as discussed below.
MTDS 2005-2010
The Medium Term Development Strategy 2005-2010 (MTDS 2005 – 2010) provides ten guiding
principles aimed towards achieving economic and social advancement (Department of National
Planning and Monitoring, 2004). Four of these principles are improvements in quality of life,
integrating the three tiers of government, partnership through strategic alliances, and empowering
Papua New Guineans and improving skills.
The three tiers of government – national, provincial and local – can be more effectively integrated
through e-government enabling them to collaborate, share information and services and work
together. E-government can also enhance partnerships formed through strategic alliances. It can
empower citizens by providing interactive access to and use of services and appropriate technologies.
This in turn can develop their skills, preparing them to be effective contributors to the economy and
improve the quality of life for many (Department of National Planning and Monitoring, 2004).
MTDP 2011 – 2015
According to the Medium Term Development Plan 2011 – 2015 (MTDP 2011 – 2015), “capacity will
be built within strategic government agencies to fight corruption at the highest level and ensure a high
rate of disposition of fraud and corruption cases in the courts” (Department of National Planning and
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Monitoring, p. 31, 2010). Therefore, it is the government’s desire to reduce fraud and corruption cases
by 50%, 80% and 100% by 2020, 2025 and 2030 respectively (Department of National Planning and
Monitoring, 2010).
Investing in telecommunications, ICT and Internet technologies through Public Private Partnerships
(PPP) should promote business and investment activities (Department of National Planning and
Monitoring, 2010) between the government and businesses, thereby, resulting in G2B e-government.
It is the government’s objective to extend competition to private entrants such as Digicel so that
telecommunication and Internet services can be provided to all Papua New Guineans (National
Information & Communication Technology Policy, 2008). These services are necessary for egovernment to be successful.
PNG Vision 2050
The PNG Vision 2050 Directional and Enabling Statements (Table 1) (Department of National
Planning and Monitoring, 2009) suggest that e-government is necessary and desirable to help reduce
corruption and improve governance for better government.
Table 1: PNG Vision 2050 Directional and Enabling Statements
Statement Code
Directional and Enabling Statements
1.17.1.2
Improve Papua New Guinea’s access to services and basic infrastructure.
1.17.2.19
Promote and establish the use of ICT for sustainable education.
1.17.7.1.1
Maintain the three-tier system of government and improve service delivery to
local-level governments.
1.17.7.2.7
Implement an effective service delivery mechanism model.
1.17.7.4.1
Establish a communications satellite network for Papua New Guinea.
1.17.8.1.1
Improve Papua New Guinea’s ranking from 158 out of 180 countries on the
Corruption Perception Index to a ranking of above 50.
1.17.11.11
Establish a National Information Database Management System.
Basic ICT infrastructure and communications are necessary for e-services such as e-government and
e-education. Using e-government technologies, the three tiers of government could be integrated,
corruption reduced, transparency and accountability increased and delivery of services improved. A
development stage model can be used to plan, implement, deliver and access e-government services.
STAGES OF E-GOVERNMENT DEVELOPMENT
Several models for the development of e-government have been discussed in the literature, each with
varying numbers of stages (Seifert, 2003; Cordella, 2007; Irani, Alsebie, &Elliman, 2006; Bwalya,
2011), and some of which are now discussed (Tables 1 to 7). Some models have stages with similar
elements while others differ, in regard to technological or organisational perspectives, for example.
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Table 2: Baum and Di MaioGartner four stage model (as cited in Bwalya, 2011)
Stage
Perceived Level of Service
Presence
Government creates online presence by publishing information such as contacts,
vision, mission and structure, on Web sites for clients to access.
Interaction
Basic two-way interaction between government and clients. Clients can download
forms, complete and email back to the government office.
Transaction
Clients can perform transactions with the government such as completing and
submitting forms online. For example, clients can renew their licenses online.
Transformation Rather than automating existing operational processes, they are transformed to
provide unified, integrated and personalised services to clients.
Table 3: Layne & Lee (2001) four stage model (as cited in Irani, Alsebie&Elliman, 2006)
Stage
Perceived Level of Service
Catalgoue
Government establishes online presence, providing static government
information online.
Forms can be downloaded, completed and submitted through posts or physical
office locations.
Transaction
Clients can interact and transact with the government through online interfaces.
Forms can be completed and submitted online.
Vertical
Integration of local, state (provincial) and federal (national) governments with
Integration
similar departments and functions in order to provide a vertically integrated
service to clients. For example, a licensing system at the provincial level where
clients apply for a license is linked to business licensing system at the national.
Horizontal
Integration of systems across different and functional areas at each of level of
Integration
government. For example, applying for a passport online may require inputs from
functions such as civil registry, health and citizenship. This stage provides a onestop shop for citizens to access services seamlessly.
Table 4: Hiller and Belanger’s five stage model (as cited in Irani, Alsebie&Elliman, 2006)
Stage
Perceived Level of Service
Information
Government disseminates information to clients through static Web sites
dissemination
in a one-way form of communication.
Two-way
Static Web sites are enhanced to provide dynamic information,
communication
downloadable forms and email to interact with clients.
Service and financial Government provides services through which clients can interact and
transaction
perform financial transactions with the government such as an online
service for clients to pay taxes online.
Vertical and horizontal Similar to the last two stages of Layne and Lee Four stage model.
integration
Political participation
Allows clients to participate in politics through services such as electronic
voting, forums and surveys.
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Table 5: United Nations five stage model (as cited in Irani, Alsebie&Elliman, 2006)
Stage
Perceived Level of Service
Emerging presence
Government provides information through static Web sites including
links to various departments/ministries, contacts and other levels of
governments.
Enhanced presence
Greater provision of current and archived information such as policies,
laws, regulations, reports, newsletters and downloadable information.
This information flow is still unidirectional.
Interactive presence
Government interacts with clients. Downloadable forms can be
completed and submitted via email or post. Audio and video capabilities
are also provided to disseminate essential information.
Transaction presence
Bidirectional interaction between government and clients. Transactions
can now take place such as paying traffic fines online.
Networked presence
Integration of G2G, G2C and G2B. Clients are involved in public policy,
law and democratic participatory decision making.
Table 6: Asia-Pacific six stage model (as cited in Irani, Alsebie&Elliman, 2006)
Stage
Perceived Level of Service
Setting up an email
Enables internal government processes to be efficient. For example, using
system and internetwork emails for internal collaboration and payroll.
Enabling interSystems are developed to convert workflows from paper-based to
organisational and
electronic formats. Clients are now able to access information through
public access to
Internet from government sites.
information
Allowing two-way
Enables basic interaction between government clients. For example,
communication
clients can use emails to contact the government office.
Allowing exchange of
Allows clients to access services and conduct transactions with the
value
government, such as when clients apply for license renewals.
Digital democracy
Enables clients to participate in democratic processes such as online
service through which clients can vote online (e-voting).
Joined-up government
Vertical and horizontal integration of services. A portal will normally be
used to integrate services from multiple departments and ministries,
allowing integrated and seamless service delivery.
These models help to divide the development of e-government into various stages based on their
perceived level of service and degree of system and service integration. Theycouldbe used to
determine the extent to which e-government is adopted and plan for its adoption in PNG. Dubai, for
example, used the United Nations five stage model (Table 7)in its e-government development process.
Table 7: United Nations 5-stage model(as cited in Sethi&Sethi, 2008)
Stage
Level of Service
Emerging
Presence of government online, mainly static information
Enhanced
Information provided online becomes dynamic
Interactive
Clients can download forms and send emails
Transactional Clients can perform transactions such as paying for services online
Seamless
Integration of services from multiple departments
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Dubai’s strategies and lessons can become useful to PNG. With strong leadership, vision and
commitment, flexible and robust infrastructure, central flexible model, development strategies, human
resources development and public-private partnership, PNG could successfully implement and use egovernment services.
STAGE MODEL FOR E-GOVERNMENT DEVELOPMENT IN PNG
Considering the issues related to service delivery, the current state of infrastructure and aims and
objectives of various plans and strategies such as PNG Vision 2050, a model suitable and applicable
to PNG local context needs be derived and use to plan for the development and use of e-government
services (Figure 2 and Table 8).

Figure 2: Initial proposed e-government development stage model for Papua New Guinea
Table 8: Six stage model for PNG
Stage
Perceived Level of Service
Infrastructure
Establish robust and flexible ICT infrastructure essential for e-government
services to be made accessible, affordable and available to clients.
Interaction
Government offices establish two-way interaction with clients through Web
sites for example. Downloadable forms to be completed and submitted via
email or posts.
Enhancement
For e-government to be successful, services mustbe accessed by clients.
Awareness and training need to be provided through private institutions, for
example, so that clients are aware of those services and be able to access
them.
Transaction
Government offices can transact with clients. They now provide e-services
to clients such as when clients and businesses are able to renew their
particular licenses online.
Integration
Government processes are transformed and services are integrated so that
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Participation

unified, seamless, personalised client-centric services are effectively and
efficiently. This includes vertical and horizontal integration.
Clients can participate in the democratic processes of the country such as
citizens voting online through e-voting service, reducing many of the issues
and costs related to general elections.

This model is flexible in that one stage does not have to be completed before going to the next stage.
Some infrastructure can be implemented and put into use. Then some interaction can be established
and put into use. Then some enhancement can be done and so on. You can also move between the
stages. Overlapping can also be done whereby elements from two or more stages can be performed
concurrently.
DISCUSSION
Many developing countries face similar challenges when adopting e-government. In order for PNG to
successfully implement e-government and have it be used by its clients, it needs to carefully address
these challenges such as lack of infrastructure. When these challenges are effectively addressed and egovernment successfully adopted, PNG should experience the benefits that e-government could bring
with it, and help reduce many of the issues we face today in PNG.
Many clients have high expectations from their government in providing high quality information and
services; however, experiences have so far usually been negative. There is poor delivery of services
and even if services are delivered to some level of extent, the quality has always been very low. These
have resulted due to dishonest practices, lack of efficiency, lack of direction and planning, unwise
spending, improper management and control, inappropriate conduct, misbehaviour and lack of ethics,
lack of transparency and accountability. Embracement of e-government can assist in reducing these
problems.
The stage models for e-government can be used to determine the extent to which e-government are
adopted by governments, and also plan for its development. The level of e-government development
in PNG seems to fall between the first two stages. The ICT infrastructure is at its infancy or just above
it. Not all government departments and institutions have Web sites. Those who have mainly provide
information services with downloadable forms to be completed and submitted either using email or
posts. PNG government can use the six-stage models discussed to create a long-term plan for the
development of e-government across a number of years until e-government is successfully
implemented throughout all aspects of government and used by all clients. Strategies and lessons from
other countries such as Dubai can be also investigated and used for successful planning and
development.
E-government can help to reduce cost, time and effort involved in the delivery and accessibility of
these services by the government and its clients respectively. For example, processing of passport
electronically should require less cost, time and effort than traditional means of paper based
applications. It is able to help clients make better well-informed choices because they will now have
access to essential information. E-government will also help develop client’s ICT knowledge and
skills as they embark on using electronic services.
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In addition, it will help improve and increase transparency and accountability within the government
sector, hence, reducing corrupt activities and practices resulting in wastage of public resources for
personal gratifications. For instance, proper recording and tracking of financial transactions should
help public servants be more responsible in their daily activities. It will help enhance collaboration
and integration between government departments and agencies such as departments exchanging
project information quicker electronically to complete projects within time and budget.
As an ultimate result, e-government can help improve efficiency and effectiveness of delivery and
access to government services. Therefore, it is desirable and essential to adopt e-government in order
to improve the delivery of high quality services, and meet the needs and expectancies of clients in
PNG.
CONCLUSION
This paper discussed some of the issues PNG faces relating to service delivery and argued the case for
e-government in PNG. It discussed the four categories of e-government and different stages of egovernment from various models. It discussed the stage model that can be used in PNG and identified
that e-government in PNG seems to fall between the first two stages, with only a small number of
government institutions providing basic two-way interactions.
This paper also discussed some of the benefits of adopting e-government services increased
transparency and accountability and promotion of collaboration and integration, leading to improved
services delivery.
Although there may be limited financial resources, a model of e-government development can be used
to plan, develop and use e-government systems in PNG. This paper also discussed experiences from
countries such as Dubai, which can provide insights to PNG in successfully adopting e-government.
Many problems can be reduced and expected benefits achieved.
Future research will explore how e-government can improve public service delivery, the possibilities
of e-government and how e-government might make government services more available to people
living in remote areas particularly in rugged terrains difficult to access.
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GLOSSARY
Clients – Citizens, businesses, government offices and employees that interact with the government
for information and services
E-government (electronic government) – use of information and communications technology and
Internet technologies to provide information and deliver services online
E-government service – services which can easily be delivered through e-government systems
Government-to-citizens (G2C) – type of e-government that enables governments to interact with
citizens in providing information and services.
Government-to-businesses (G2B) – type of e-government that enables governments to interact with
businesses in providing information and services for businesses.
Government-to-government (G2G) – type of e-government that enables governments to interact with
other government offices and public agencies in providing information and services to facilitate the
other e-government services
Government-to-employees (G2E) – type of e-government that enable governments to interact with
their employees in providing internal information and services for employees.
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ABSTRACT
Sustainable development from an individual perspective is driven by the self-actualization theory.
Self-actualisation is the highest level of an individual’s growth according to the American
Psychologist Abraham Maslow’s Hierarchy of Needs. The other four levels include Physiological,
Safety, Love/Belonging, Esteem and Self-Actualization (Wikipedia: 2014). Maslow’s theory suggests
that most basic level of needs must be met before the individual strongly desire secondary or higher
level needs. As a value system analysis, the paper aims to validate the Melanesian Way as advocated
by late Bernard Narakobi in his book titled Melanesian Way (1983). It is critical to understand the
self-actualization model within the context of a communal society. To validate the importance of selfactualization of an individual within a society, a case study of the Ramalmal Village communal
relationship with Tabu (shell money) and the Tubuan Society is conducted. Ramalmal Village is
located within the Livuan/Reimber Local Level Government of the Gazelle District, in East New
Britain Province, Papua New Guinea. The case study involves a household survey of 20 Households
with an average of 6 persons per households (i.e. n=120 respondents). The household survey
investigated the perception of the households on Tabu and its relationship with the Tubuan Society.
Positive results of the relationship with the Tubuan Society underpinned custom values such as trust,
honesty, respect, obedience, common understanding, belongingness, and peace. It is evident from the
case study that there is still a gap on customary laws, and its linkage to policies that is tailored to
maintain and sustain traditional custom values for the present and future generations.
Keywords: Self-actualisation, hierarchy, needs, Tubuan, values, custom
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INTRODUCTION
This paper investigates the interplay between Tabu (Tolai Shell money) and the Tubuan Society. The
theoretical underpinning of this research is based on the self-actualisation model developed by
American Psychologist Abraham Maslow. The other four levels include Physiological, Safety,
Love/Belonging, Esteem and Self-Actualisation (Wikipedia: 2014). Maslow’s theory suggests that
most basic level of needs must be met before the individual strongly desire secondary or higher level
needs. As a value system analysis, the paper aims to validate the Melanesian Way as advocated by
late Bernard Narakobi in his book titled Melanesian Way (1983). It is critical to understand the selfactualisation model within the context of a communal society. A case study of the Ramalmal Village
in East New Britain Province, Papua New Guinea, is analysed to validate the relationship between
Tabu and Tubuan Society. The focus of the research aims to generate policy recommendations that
are linked harnessing customary values as a basis for an individual self-actualisation process in a
community that is built on traditional systems and processes.
RESEARCH PROBLEM AND RESEARCH QUESTIONS
The main research problem focuses on this question: “ How can an individual’s behavior be positively
influenced by customary values through the relationship between Tabu and the Tubuan Society?”
The investigation of this research problem is centered around three research questions:
(1) What is the perception of the community on the relationship between Tabu (shell money) and
the Tubuan Society?
(2) What customary obligations does the community engage in through the use of Tabu and the
Tubuan Society?
(3) What important customary values are reinforced through the interplay between Tabu (shell
money) and the Tubuan Society?
METHODOLOGY
As a policy review it takes a qualitative approach to research. A case study of the Ramalmal
Community in East New Britain Province investigated the three research questions. A survey that
included both qualitative and quantitative questions was asked. Results were analysed based on the
responses obtained. The household survey covered 20 households with an estimated 6 persons per
households, which implies that the sample size is 120persons.
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Discussion of Findings and Analysis
Figure 1.0. Tabu Activities in Ramalmal Village: Household Survey Results

Figure 1.0 shows the responses from the 20 households investigated on the common customary
activities related to Tabu. All the households agreed that tabu is used in all their death ceremony.
Death ceremonies known as ‘minamai2’ and ‘warvakai3’ in the local kuanua language demand the use
of tabu. Most of the Tabu used in a death in a minamai or warvakai are the lifetime tabu savings of a
person within the community. It is the role of the Tubuan Society to safeguard and protect a person’s
wheel of tabu (‘arip’) to be shared only as part of the ‘minamai’ or ‘warvakai’ ceremonies. If anybody
unlawfully uses the tabu, the Tubuan Society then performs a ‘vanga’ that demands the accused to
repay the tabu and compensate the Tubuan Society for his or her irresponsible behavior.
All household respondents also confirmed that tabu is still used in the bride price ceremony. Whilst
the amount of tabu paid as brideprice vary in all tolai communities, the standard rate at Ramalmal
Village is 300 fathoms which is equivalent to K1,500.00. This calculation is based on a value of
10fathoms is equivalent to K50.00. Bride price is mainly paid as a sign of respect for bride by the
groom’s relatives. The tubuan society encourages young men to respect women through the use of
tabu. Tabu does not give a man the right to dominate and abuse a woman rather to be her partner in
family upbringing.

2

Minamai is a customary obligation of deceased relatives to share tabu as a sign of respect for the dead. It
completed a mourning period after the death of a person within the community..
3
Warvakai is usually done after the minamai and involves both the sharing of tabu and other food items like
banana, rice, pork meat, and lamb meat, as a sign of respect for deceased relatives. It is usually done after all
elders of a particular clan have all passed on to the next life.
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83% of the 120 respondents (i.e. 6 persons x 20 households), responded that tabu is used a form of
settling disputes on land, social disorder, marriage problems, and petty issues that could be solved at
the village level to maintain peace. As Tabu is exchanged it allows for divided factions to unite in
love and re-commit themselves to maintain respect and peace in the community.
75% of the respondents are involved in tabu re-generation activities. This means that the households
are engaged in activities such selling goods or service for tabu. For instance, a woman may sell
peanuts for tabu at 12 tabu shells. Another person may be rewarded for his or her labour in assisting in
preparing tabu or digging a grave for a deceased to be laid to rest. In tolai language such an activity is
called ‘vapipiai’ , and it’s a good option for young men to generate tabu for brideprice payment.
67% of the household respondents revealed that they used tabu in initiation ceremonies. Such an
activity known as ‘aniolo’ or ‘varkinim’ is restricted to young boys or even adults to be initiated into
the Tubuan Society or ‘Taraiu’. Given the challenge to prepare for such an event with tabu not many
households have their young men initiated. The process involved a young man being given tabu by his
relatives led by the ‘melem’ or Tubuan elders who own the tubuan. In the ‘taraiu’, the young men are
taught how to prepare their tabu, which are then consecrated and strewn into wheels of tabu (‘arip’ or
‘tutana ot’) for use only in a death ceremony. It is forbidden to use the tabu in other activities apart
from a death ceremony. The Tubuan Society will enforce sanctions if one disobeys the directive.
54% of household respondents revealed that they still pay labour efforts as a sign of gratitude with
Tabu. This was a common practice in the past but has been become less popular given the use of cash
and food as a wage for labour. Most of the labour rewarded by tabu in the village concerned includes
grass cutting in the cocoa or coconut plantation, gardening, or preparation of tabu.
Figure 2.0. Tabu Relationship with Tubuan Society Values

163

Proceedings of RST UPNG Sci. Conf. Nov 2014
In terms of values sustained through the interplay between tubuan society and tabu use, all households
interviewed agreed that respect for oneself and others is the climax of the relationship. Respect is
shown in the sharing of tabu through a death ceremony, brideprice, compensation, initiation, or labour
payment. The value of a person is respected in the sharing of tabu, therefore the Tubuan Society
enforces compliance with use of tabu in customary obligations or activities. Moreover, respect is
upheld through awareness on the two (2) main lines of relationship in the community that is the
father’s clan (‘pikalaba’) and mother’s clan (‘marmar’). In terms of marriage, a man or woman from
the same clan relations should not be engaged as a couple, rather the opposite clan marriages are
encouraged.
92% of the respondents believed Tabu signify their sense of belonginess to tribe or clan. In kuanua
language one is seen to be part of a ‘vunatarai’. Each tribe or vunatarai have their own Tubuan
Society that they revere and connect their inheritance and heritage with. Most of the respondents said
that they feel worthless in the community when they are not recognized by their own clan. Their sense
of belonginess link them to land and other inheritance of the clan. Women have to show their selfactualised status in the community through tabu and respect for the tubuan in order to inherit land
ownership.
88% of households maintained that relationship between tabu and the tubuan society nurtures
obedience in the younger generation. The young men and women should listen and adhere to the
advice of the elders and be obedient by upholding the traditional customs. Lack of obedience incurs
penalties by the tubuan society, which in extreme circumstances may lead to death!
79% of respondents felt that self-esteem is promoted through the tabu and Tubuan Society
relationship. It implies that an individual’s status in the community is determined by his or her
reverence of tabu and respect for the Tubuan Society. Tabu defines his or her identify as a member of
a clan with dignity and respect.
75% of households revealed that the use of tabu and its relationship with the Tubuan Society ensures
there is peace in the community. The use of tabu in compensation restores peace in the community
when factions put their differences aside and embrace each other’s love in the sharing tabu.
71% of respondents agreed that common understanding is shared through tabu related activities. For
instance in a brideprice ceremony unites two families in a common understanding to support a couple
through sharing of resources (land, labour). Common understanding ensures cooperation between the
families in any customary obligations demanded from couple.
63% of household respondents said that trust is sustained through the use of tabu. Whenever, someone
share a tabu with another person in a death ceremony (a minamai), a trust and understanding is
reached that person will share the same amount or more tabu with him or her in their next ceremony.
The trust is based on a continuous sharing of tabu which also ensures a person’s value in the
community is continually being recognized. All the custom values shared are part of the Melanesian
Way (Narokobi, B: 1983).
From the survey analysis, a self-actualisation model is developed for application in customary values
preservation and sustenance:
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Figure 3.0. Tabu Customary Values Self Actualization Model(adapted from Maslow’s hierarchy
of needs)

Self-Actualization Outcome- Manhood or
Womanhood- ‘Vavina Ot’ and ‘Tutana Ot’

Enforcement of Tabu use through
Tubuan Society

Tabu use in Customary Obligationsinitiation, compensation, brideprice,
labour payment, death ceremony,
tabu re-generation activities

Customary Values strengthened and nurtured through interplay between Tabu and the
Tubuan Society: Respect, Obedience, Peace, Mutual Understanding, Belongingness,
Self-esteem, trust.
RECOMMENDATIONS
From this cultural project case study, it is important that the following recommendations be taken into
consideration:













That Melanesian Spearhead Group Secretariat (MSGS) revive the Melanesian Way promoted
by the philosopher late Bernard Narakobi;
That Melanesian Spearhead Group Secretariat (MSGS) develop a regional policy framework
that guide the protection of custom values through the established traditional institutions (e.g.
Tubuan Society, Tabu System,);
That Melanesian Spearhead Group Member Countries develop enabling Customary Values
Protection Laws, for instance in PNG case, expand on the 5th National Goal and Directive
Principle of the National Constitution on ‘PNG Ways’;
That Melanesian Spearhead Group Member Countries facilitate the existence of the Council
of Chiefs or Elders in their levels of Government to advocate preservation of customary
values through established traditional institutions (eg. Tubuan Society, Tabu System). Explore
the possibility of including women in the Council of Elders/Chiefs;
That in PNG’s, traditional customary village resource centers be developed in consultation
with Elementary, Primary and Secondary Schools. This will allow village elders to impart
basic customary values to the younger generation;
That the Melanesian Spearhead Group Secretariat collaborates with the Member Countries’
National Research Secretariats’ in supporting preservation of customary values through sound
research and development;
That in PNG’s case, the Dep’t of Tourism and Culture supports pilot customary values
research and development centers in each provincial administration’s planning and research
divisions.
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CONCLUSION
The generalizability of the findings to other communities in Tolai Communities of East New Britain
Province is possible given their homogenous culture. The Tolais use Tabu and have respect for the
Tubuan Society. Common activities and values shared in this paper are practiced and upheld by the
Tolai community. However, there is a need to undertake a provincial wide baseline household survey
in ENBP on the customary values generated from the interplay between Tabu Activities and the
Tubuan Society. Further implications of this paper demands a need for a nationwide baseline survey
on the PNG Customary Values that positively influenced behavior.
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