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ABSTRACT
Farmers and community perceptions on the ecological impact of climate variability and
change on root crop growth and yield were assessed in six villages namely; Hovikoilo,
Guguha, Tatamba, Ligara, Biluro and Hirolegu on Isabel Island in Solomon Islands. The
root crops included sweet potato (Ipomoea batatas), cassava (Manihot esculenta), taro
(Colocasia esculenta) and yam (Dioscorea alata) and were evaluated using farmers
knowledge on the following ecological variables: i) range shifts, ii) crop growth and
health, and iii) crop yield. Assessment and evaluation conducted through use of
questionnaires, face-to-face interviews, site visits and observation. The second part of the
study involved use of Decision Support System for Agro technology Transfer (DSSAT)
computer modeling software to simulate root crop growth and yield with the changing
climate. The study showed that farmers and village communities experienced changes in
temperature and rainfall patterns. According to PCCSP (2011), the max temperature for
Solomon Islands had increased at a rate of 0.15oC per decade since 1951 and projected to
be between 0.4 – 1.0oC in 2030 under high emission scenarios. Rainfall showed substantial
variation from year to year. However, annual and seasonal projection of rainfall also
projected increased rainfall patterns and extreme rainfall days. These changes triggered
droughts, cyclones and flooding. Farmers are also concerned about increased runoffs and
soil erosion, loss of soil fertility and nutrient loss which have direct and indirect effect on
root and tuber crop growth and yield. The DSSAT model output provided relevant
information on crop growth and yield, and the limiting factors that associated with the
phenological and physiological processes of crops. In this study, two taro cultivars;
Tausala Samoa and Lehua were simulated on three sites (Hovikoilo, Biluro and Tatamba).
The results showed that the growth of Tausala Samoa variety was susceptible in all three
sites to nitrogen leaching caused by runoff due to heavy rainfall, and yield is fairly low.
While Lehua variety is more resistant to nitrogen leaching and runoffs and produced high
yield. The yield projections were also made for both cultivars in years 2030, 2055 and
2090 using the PCCSP future climate projections.
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The yield projections showed that taro will still be able to grow in Santa Isabel. However,
it is noted that yield will decline over time. Hence, the findings from this study would
primarily assist the local farmers of Santa Isabel and the Solomon Islands to recognize the
impacts of parameters that are likely to be affected by climate change on root crop
production through ecological impact studies.
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CHAPTER 1
INTRODUCTION
1.1 Background of Study
This study describes research conducted on Santa Isabel in Solomon Islands during
July to September 2011. The study was to evaluate the ecological impacts of climate
change on root crop growth and yield and to identify adaptation options by local
farmers against climate variability and change, and extreme events that may impact
crop yield and production.

1.1.1 Location
Solomon Islands lie between 5o 10ʹ and 12o 45ʹ S Latitude and 155o 30ʹ and 170o 30ʹ E
Longitude. It stretches in a south-easterly direction from the southern tip of
Bougainville Island, Papua New Guinea to the northern end of Vanuatu, forming a
scattered archipelago of mountainous islands and low-lying coral atolls. Santa Isabel is
one of the nine provinces in Solomon Islands, but one of the six biggest islands
including Choiseul, New Georgia, Guadalcanal, Malaita and Makira. It is the longest
island and is situated almost right in the semi-centre, surrounded by three large islands.
On the west lies Choiseul, to the east, Malaita, and to the south, Guadalcanal (Figure
1.1). The islands are characterized by thickly-forested mountain ranges intersected by
deep, narrow valleys. Santa Isabel Island is extended some 200 km2 and additional 35
km2 including Barora Fa and the nearby islands in the extreme west. The island lies on
a north-west to south-east axis between latitudes 7o 18ʹ and 8o 34ʹ S and longitudes 158o
05ʹ and 159o 56ʹ E (Figure 1.2). Santa Isabel land mass is around 3490 km2.
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Figure 1.1: Map of Solomon Islands (Source: Joint Geospatial Support Facility For The New
Zealand Defence Force, 2007)

Figure 1.2: A Map of Santa Isabel and the nearby Islands in the extreme west (Source: Joint
Geospatial Support Facility for the New Zealand Defence Force, 2007)
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1.1.2 Climate
Santa Isabel has a characteristic of a general climate that exists across Solomon Islands.
A warm tropical climate year round with a temperature ranges between 23 - 31oC and
rainfall ranges between 3000 - 5000 millimeters (mm) annually. The wet season usually
occur between the months of November to April, during which the north-westerly
monsoonal winds often develop into tropical cyclones across the archipelago; and dry
season from May to October. The El Niño Southern Oscillation (ENSO) is an important
driver of the climate in this area, heavily influencing periods of drought and risk of
floods and the frequency of tropical cyclones (Global Facility for Disaster Risk
Reduction (GFDRR), 2011). It normally brings drought conditions to Solomon Islands.
The climate is also governed by a number of factors including the trade winds and the
movement of the South Pacific Convergence Zone (SPCZ), a zone of high-pressure
rainfall that migrates across the Pacific, south of the equator (Figure 1.3).

Figure 1.3: The average positions of major climatic features in November to April, the arrow
show near surface winds, the blue shading represents the bands of rainfall convergence zones,
the dashed oval shows the West Pacific warm pool and H represents typical positions of
moving high pressure systems (Source: Pacific Climate Change Science Program-PCCSP)
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1.1.3 Population
Santa Isabel Island has a growing population that resembled a broad based structure.
The recent report on the 2009 population and housing census indicated that the total
population has now increased to 26,158 of which 13,328 are male and 12, 830 are
female. It has an estimated annual growth rate of 2.5 %. The age specific population
shows that 39.9 % were children below 15 years of age; 16.6 % were between 15 to 24
years old; 36.6% of the total population was from the age of 25 to 59 years old and only
6.8 % were over 60 years. The dependency ratio of the population in Santa Isabel is
between the ages of 15 to 59 years, which is accounted for 88 % of the total population
of Solomon Island Government [SIG], (2011).

1.1.4 Agriculture
Agriculture plays a critical role in supporting the livelihood of the population. Majority
of the population rely on subsistence agriculture, which is most common on Santa
Isabel and throughout Solomon Islands. Multi-cropping system is the most general
technique practiced by majority of the local farmers under subsistence agriculture.
Multi-cropping is the growing of various types of crops in the same area. These include
crops such as sweet potato (Ipomoea batatas), cassava (Manihot esculenta), taro
(Colocasia esculenta), yam (Dioscorea spp), banana (Musa spp), corn (Zea mays),
watermelon (Citrullus lanatus), sugarcane (Saccharum spp), slippery cabbage
(Abelmoschus manihot), peanut (Arachis hypogaea), and other crops. The main staple
root crops are sweet potato, cassava, taro and yam. During the year, farmers would
continue to rotate different crops on the same piece of land or move to a new area. The
practice of moving to new areas is known as “shifting cultivation”. In areas with
limited suitable land for cultivation, farmers are forced to continue cropping on the
same piece of land.
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1.2 General Overview of the Issue of Study
Climate change is already affecting some communities in the Pacific Island Countries
(PICs). These affected communites are experiencing climate change impacts on
infrastructure, water supply, coastal and forest ecosystems, fisheries, agriculture, and
human health. The consequences of sea level rise, sea temperature increases, ocean
acidification, altered rainfall patterns, and overall temperature rise will be increasingly
felt.
Currently there are significant global research efforts amongst climate scientists,
agronomists, environmentalists, health professionals and economists in pursuit of
authenticating the social, economic and ecological impacts of climate variability and
change. These include the collective efforts from the Intergovernmental Panel Climate
Change (IPCC) scientists where they produced four published assessment reports [First
Assessment Report (FAR) in 1990, Second Assessment Report (SAR) in 1995, Third
Assessment Report (TAR) in 2001 and the Fourth Assessment Report (AR4) in 2007]
in which they have projected that the global average mean temperature will continue to
increase as long as we continue with the “business as usual” (BAU) scenario with no
serious effort to reduce Green House Gases (GHGs). Climate change will adversely
affect human livelihood and ecosystems. The impacts that climate change poses will
however be different for the different regions of the world (IPCC, 2007b).
In many of the global and regional climate change studies, none had received more
attention than agriculture sector (Dinar & Mendelsohn, 1998), even though several
other sectors have been studied. Most studies on climate change and agriculture only
took place in the United States and other developed countries (IPCC, 1996a), and very
limited agricultural studies conducted on a global scale (Rosenzweig & Parry, 1992;
Darwin et al., 1995).
Despite the global coverage, the studies contain limited data from developing countries
in the tropics. For instance, Rosenzweig and Parry’s (1992) study was limited to grains,
while Darwin et al. (1995) focused their evaluation only on broad ecosystem types.
The impact of climate change on agriculture sector at global level is complex because
the systems of agriculture are different for different agro-ecological regions and
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different agriculture practices and technologies between developed and developing
countries. The agriculture sector in developing countries is more at risk to climate
change than developed countries because of low capital intensity, prevalence of
agriculture and other climate sensitive sectors, and their relatively warm baseline
climates (Dinar & Mendelsohn, 1998).
In the Pacific region, climate change will affect food production all along the food
supply chain (Department of Climate Change and Energy Efficiency [DCCEE], 2011).
Pacific Islanders traditionally secured their food security through agricultural and
fishing methods that are in balance and intertwined with their natural surroundings
(Live & Learn Environmental Education, 2010).
For many decades, agriculture and fisheries remain a source of food, nutrition and
household income that largely sustained the livelihood of the Pacific people up to this
present generation. Changes in temperature and rainfall regimes, changes to average
and peak temperatures, loss of genetic resources and agro-biodiversity, increased
salinization, more intense weather-related natural disasters, changes in disease and pest
regime could all have significant repercussions for agricultural production (DCCEE,
2011). Similar sentiments were also pointed out by IPCC’s Working Group II (2007b).
The way climate change will affect the agricultural sector and food crop production in
the Pacific will manifest themselves on the adaptation responses to agricultural and
social systems (Department of Climate Change Energy Efficiency [DCCEE], 2011).
This will also be influenced by globalization, national policies and socio-cultural
changes (Hay et al., 2003).
For Solomon Islands, food security has already been identified as one of the priority
sectors that will be impacted by climate change (Solomon Islands National Adaptation
Plan of Action [SINAPA], 2008). There is however very limited studies being
conducted on food security in the country. The only notable one is the Pacific
Adaptation to Climate Change (PACC). The Pacific Adaptation to Climate Change
(PACC) project is funded by the Global Environment Facility (GEF) and the Australian
Government (AusAID), with the United Nations Development Programme (UNDP) as
its implementing agency and the Secretariat of the Pacific Regional Environment
Programme (SPREP) as implementing partner. The project duration is from 2009 to
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2013. The PACC Project is designed to promote climate change adaptation as a key
pre-requisite to sustainable development in 14 Pacific Island countries. Its’ three key
areas includes; i) food production and food security, ii) developing coastal management
capacity, iii) strengthening water resource management. Under this auspice, the
Solomon Islands through the Ministry of Agriculture and Livestock, is benefitting from
food production and food security funds, with the atoll islands of Solomon Islands
being the main beneficiaries of this fund, as much of their staple root crop such as taro
were seriously affected by sea level rise (SLR) and saltwater intrusion and inundation.
From 1994 to 2008, the observed SLR in Solomon Islands was 7.6 mm/yr and satellite
measurements estimated SLR of 0.8 – 10 mm/yr approximately three times the global
average rate of increase (GRDRR, 2011). This could be devastating for agriculture in
small atoll and low lying islands.
The abiotic relationship of climate system on the natural physical environment is also
very important. It influences the types of crops that can be grown in a particular
location, how well a crop can perform, and other phenological development such as
when flowering occurs, the time from flowering to fruit maturity and the fruit
production and its quality (Bourke & Harwood, 2009).
However, climate change is not only affecting agriculture and food crop production on
low lying islands and atolls of the Solomon Islands as a result of inundation and
saltwater intrusion from SLR, but is presumed to also have affect agriculture and food
crop production on high volcanic islands by means of climate variability and extreme
events. This study seeks to assess the ecological impacts of climate change on root
crops growth and yield on Santa Isabel Island. The four root crops are; sweet potato,
cassava, taro and yam. To assess and project the impacts of climate variability and
change and extreme events on these four root crops, three ecological factors were
considered; i) range shift, ii) crop growth/pests and diseases, and iii) crop yield. These
factors are used as a hypothetical test to see if climate change has already had direct or
indirect impacts on the root crop growth and yield on Santa Isabel Island.
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1.3 Problem Statement
Observed climatic data and climate projections for the Pacific region shows that the
climate is changing and people are also now experiencing these changes. The potential
for the changing climate to impact food production is recognized and acknowledged by
PICs (Wairiu et al., 2012). The changing climate is resulting in increase in intensity or
severity of extreme events like cyclones, storm surges, floods and droughts and is
already causing substantial damage to agriculture and associated infrastructure with
negative impact on food production. Although effects of increasing temperature,
changing rainfall patterns, SLR, salt water intrusion, and acidification are less
immediate, food security is under threat from these climatic factors. Climate change
impacts on food production on high volcanic islands in Solomon Islands have not been
quantified, though anecdotal observation and historical records of shifts in rainfall
patterns, frequency and intensity of flooding and drought are available. The limited
studies in Solomon Islands on climate change impact on people’s livelihood and the
ecosystems including food production are due to the following; i) institutional and
policy gaps, ii) research gaps, and iii) data and information gaps.

i) Institutional and Policy Gaps
According to the GFDRR (2011), capacity (human resources, technical and financial
capacity) in key government institutes and systems are lacking, as is donor
coordination. Both of these issues need to be addressed in order to support the
government in addressing its climate change risk. Climate change considerations in
current development strategies and activities are lacking and needs to be addressed by
strengthening coordination among the country’s relevant sectors and institutions.
Institutional and policy integration between relevant sectors and institution such as;
Ministry of Agriculture, Ministry of Environment, Conservation, Meteorology, Disaster
Risk and Climate Change, and other related sectors and institutions need to be
formalized and supported to tackle climate change. Hence, a cross-sectoral committee
needs to be formed to deal with climate change on sector level as climate change is a
crosscutting issue. Responding to climate change required a significant effort to raise
educational awareness and activities regarding current and future projections on climate
change. The technical and financial capacity of existing institutions are inadequate as it
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depends very much on climate change funded projects such as PACC, Pacific Islands
Climate Change Adaptation Program (PICCAP) and other Non Government
Organizations (NGOs). Hence, national and sectoral policies need to be improved to
address the needs of the affected islands and communities, ecosystems and the people’s
livelihood.

ii) Research Gaps
Detailed assessments of climate change impacts and risks focusing on agriculture and
food security, water resources and coastal resources are required on every island in the
Solomon Islands whether it be on atoll or high volcanic islands. It is known that very
few low lying islands and atolls in the Solomon Islands are considered under the PACC
project. Limited climatic data and records also made extensive analysis of climate
change impacts in Solomon Islands problematic. Hence, establishing a strong
observation network through the Ministry of Agriculture and Livestock, and the
Division of Meteorology and Climate Change is a critical first step to improve future
studies. The lack of expertise and resource people to carry out research is also another
hindrance to current research gaps, and the lack of funding to conduct extensive
research throughout the different islands in the country.

iii) Data and Information Gaps
Lack of sector-specific data needs to be addressed to develop appropriate response
measures. For example, the Ministry of Agriculture and Livestock lost all its crop
production data when Dodo Creek Research Center was destroyed in 2000 during the
ethnic tension. Lack of weather station and climatic data for provinces like Santa Isabel
is a hindrance, as well as many incomplete values in the daily weather data for some
other provinces in the Solomon Islands. This study is the first baseline study for future
specific on-site research on crop production and climate change for high volcanic
islands in the Solomon Islands.
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1.4 Objectives of the study
The overall objective of this study is to evaluate the impacts of climate change on root
crop production on Santa Isabel Island and to identify the appropriate adaptation
options for local farmers. It is projected that the current global trend of climate change
will exert pressure on crop production and affect food security. Therefore to achieve the
main objective, three specific objectives of this study are:
x

To assess the ecological impacts of parameters thought to be affected by climate
change on root crop production on Santa Isabel,

x

To use crop simulation tool (DSSAT model) to understand the impacts of
temperature and rainfall on root crop growth and yield,

x

To recommend adaptive management strategies to enhance root crop production
and sustainable management of root crops.

1.5 Implication of study
The findings from this study will assist the people of Santa Isabel and the Solomon
Islands to recognize the parameters that are likely to be affected by climate change on
crop production. This is a new baseline study and will be considered the first of its kind
in Solomon Islands. The study will provide relevant information on adaptation options
for climate change to both the farmers and communities in Santa Isabel and responsible
government ministries and policy makers in the country. This allow them to take
further steps into addressing the ecological impacts of parameters likely to be affected
by climate change on root crop production on high and low-lying islands and atolls in
the Solomon Islands.

1.6 Organization of thesis
This thesis is organized in six chapters. Chapter 1 provides the introduction along with
background information, problem statements, and research objectives, implication of
the study. Chapter 2 provides a literature review of the global, regional, and local
perspective on agriculture and climate change and the overlapping relationship of the
impacts of climate change on crop production. Chapter 3 describes the methodology
including an overview of the study area, specific field methods used to collect data, and
use of DSSAT, the crop simulation model. Chapter 4 presents the results of the
10

ecological and model analysis on the impacts of climate change on root crop
production. Chapter 5 discusses the ecological and model outputs and the adaptation
strategies identified through ecological and model analysis. Chapter 6 includes the
study findings and provides recommendation for local farmers, policy makers and
future studies.
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CHAPTER 2

LITERATURE REVIEW

2.1 Agriculture and Food Production

2.1.1 Role of Agriculture in the Global System
Agriculture production is influenced by ecosystems; biodiversity, climate and energy
trade (Demelash & Stahr, 2010). Agriculture significantly contributes to the global
economy and the subsistence economy of PICs (Hay et al., 2003). Through agricultural
livelihood on production and development, humans have transformed about 34 % of the
earth’s land surface to arable land or pasture (Leff et al., 2004). While agriculture is
acknowledged to contribute significantly to food production and global economy, it
also affects the global and regional climate by means of changes in albedo and water
fluxes (Brovkin et al., 1998; Pielke et al., 2002). According to Harvie et al. (2011);
IPCC (2007b), agriculture alone contributes 13.5 % of all human-induced greenhouse
gas emission globally.

2.1.2 Growth of Agriculture and Food Production
2.1.2.1 Global Overview
Agriculture sector alone has constituted a massive proportion of the land use across the
globe. Currently, about 1.2 to 1.5 billion hectares of land are cropped, with 3.5 billion
hectares being grazed, while another 4 billion hectares of forest is used by humans in
different extents (Howden et al., 2007). An increase in the human population and the
demand for food and fiber has expanded the croplands, pasture lands, plantation and
urban areas in recent decades (Foley et al., 2005). Food and fiber are essential for
sustaining and enhancing human welfare; hence agriculture has been a primary focus in
the recent and ongoing debates about the effects of climate change (Adams et al.,
1999). Prior to 1990’s (from 1976 - 1980) the world production of major food crops
such as cereals, roots and tubers, pulses, groundnuts, plantains, and bananas had
averaged 1,609 million metric tons a year. About 53% was accounted for by the
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developed economies, while only a third of the per capita food production was
produced by developing economies (Mellor & Paulino, 1986).
In 1972 widespread food shortages and famines due to extended and simultaneous
droughts on various continents triggered serious disruption in the international food
market (Ruttenberg, 1981). Likewise in 1980’s severe droughts and political
disruptions interfered with food production and distribution in Africa, Bangladesh,
Pakistan and India. In 1983, in the United States of America (USA), maize production
fell drastically and again in 1988 by almost 40% (Gates, 1993). Hitherto, the overall
world food production has grown steadily since 1960 (Gates, 1993). Figure 2.1, shows
a typical global crop production of cereals since 1961. In the last four decades, the
world harvest has doubled, some of which is due to the 12% increase in world cropland
area. Furthermore, significant increases are also due to the introduction of new cultivars
and other environmental, technological and management factors (Tilman et al., 2002;
Foley, et al., 2005).

Figure 2.1: Estimated world population and the global cereal production (source:
http://www.farmingfirst.org/climate/)
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2.1.2.2 Regional Overview
Agriculture played an important role in the livelihood of most of the PICs. It
contributed substantially to gross domestic product, employing the bulk of the labor
force and providing the largest foreign exchange earnings. In addition, it has
connection with other sectors in the economy. The performance of agriculture in the
PICs is therefore essential to the overall growth of island economies. More than 70% of
the PICs population directly or indirectly relied on agriculture as a source of livelihood
(Asian Development Bank [ADB], 2009). Table 2.1 shows the percentage of the rural
population from the total population for each PIC who are involved in the production of
taro and cassava. It also shows the total land area each Pacific Island has and the land
available as arable, which is used for agricultural purposes.

In the small island nations of the Pacific, agriculture shared similar characteristics of
development issues. First, they have small land areas which vary in size, except for
Papua New Guinea which has an exceptionally large land area of 460,330 km2 (FAO,
2008). The smallest land area (less than 10 km2 of land area) in the Pacific is Tokelau
(Sivan, 1989). The islands are basically of two types. The larger islands are volcanic in
origin with rugged land surfaces and only a small proportion of land suitable for arable
cropping. For example, Fiji has less than one fifth of its land suitable for arable
cropping while Solomon Islands and Vanuatu have an even lower proportion of arable
land. Even though many of the small island nations are atolls and are considered flat,
the soil is too sandy and infertile to permit intensive agriculture (Sivan, 1989).

However, crop production practices in terms of size and production systems are just as
diverse according to the geographical diversity of the islands. For instance, the
diversity of agricultural systems include lowland sago management in PNG, systems of
intensive dry cultivation of yams in Tonga, sunken fields dug to tap subsurface water
for giant swamp taro cultivation on atolls in Kiribati and Tuvalu, and the remarkable
landscapes of irrigated and banded pond fields for growing taro in New Caledonia and
Fiji (Bellwood, 1989).
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Table 2.1: The total population, percentage of rural population, total land area, arable land and
the production of taro and cassava in the pacific countries (source: 2008 FAOSTAT data:
www.faostat.fao.org)

Even though there is a wide range of agricultural diversity in the Pacific, subsistence
agriculture has remained a method of farming system in the Pacific Islands for over
several hundred years (Mimura et al., 2007). Most farming is characterized as small
family-based landholdings of a few hectares with the use of little mechanization. An
extensive variety of multiple cropping systems are in use in which several crops, often
grown all together in the same field and are harvested during the year (Haynes &
Naidu, 1989). This is a traditional practice which is commonly carried out in the Pacific
Island communities (Campbell, 1990; Clarke & Thaman, 1993).

The preference for multi-cropping by subsistence farmers is to ensure consistent food
supply for the family is in place. Planting and harvesting are carried out in phases using
several different crops to ensure a consistent supply of food for the household during
the year and hence minimize storage losses. It also increased stability of production so
the yield level in bad cropping years or months is still adequate to supply the minimum
food requirements of the family (Haynes & Naidu, 1989). Multi-cropping practices also
provided resilience to food supply since not all crops are affected by specific climate
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hazards such as drought or cyclone or other adverse environmental impacts (Campbell,
1990; Clarke & Thaman, 1993; Haynes & Naidu, 1989).

Traditionally, root and tuber crops, coconut and bananas have dominated agriculture in
the PICs although a range of other crops such as rice, maize, breadfruit, green
vegetables and fruits have been grown for food. The common problems and prospects
for increasing food production in the Pacific region is that small farmers, under shifting
agriculture and with little external input, grow crops. In Fiji, the average area of root
crops grown by a farmer is less than 0.1 ha while in Vanuatu it is about 0.12 ha (Sivan,
1989).

2.1.2.3 Local Overview
In Solomon Islands, approximately 12% of the total land area is classified as
agricultural and 80% as forest (SIG, 2007). Agriculture provides food for the
approximate 515,870 Solomon Islanders (SIG, 2011) and income for about 84% of the
population. It represented a third (42%) of Gross Domestic Product (GDP) (GFDRR,
2011) and served as a main employment and safety net (SIG, 2007) which is
approximately 75% (GFDRR, 2011).

Subsistence agriculture accounts for most food production in Solomon Islands. Root
and tuber crops such as yams, taro, cassava and sweet potatoes and other crops such as
bananas are still part of people’s main staple diet, and production is heavily dependent
on rainfall (GFDRR, 2011). The predominant farming system is low-input, extensive,
rotational ‘swidden’ slash and burn agriculture in forested customary land (Evans,
2006).

There have been food security issues noted in the past, but were not considered to be a
major problem. However, an increase in the consumption of purchased imported
staples, tinned and snack food, urbanization and increasing population density is now
resulting in malnutrition, diet-related diseases (such as diabetes and heart disease) and
increased vulnerability to natural and human-made disturbances. Thus, small farming
units are also slowly moving from subsistence to cash crop production. This transition
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is also leading to the loss of traditional farming techniques potentially important for
adapting to changing climatic conditions (GFDRR, 2011).

2.1.3 Root Crops: Origin, Distribution and Uses
Apart from the production of cereals in Asia, Europe and the America, tropical root
crops have been grown extensively throughout tropical and subtropical regions around
the world and are a staple food for over 400 million people. Despite depending on
imported cereal products in the Pacific, root crops such as taro, giant swamp taro
(Cyrtosperma chamissonis), giant taro (Alocasia macrorhhiza), tannia (Xanthosoma
sagittifolium), cassava, sweet potato and yams remain critically significant components
of many Pacific Island diets (FAO, 2010). This review focuses on four roots and tuber
crops namely; taro, cassava, sweet potato, and yams.
Taro is one of the most common and popular root crops in the region and has become a
mainstay of many Pacific Island cultures. It is considered a prestige crop, and it is the
crop of choice for traditional feasts, gifts and fulfilling social obligations in many PICs
(FAO, 2010). Though less widely eaten, yams, giant taro and giant swamp taro are also
culturally and nutritionally important in some PICs and have played an important role
in the region’s food security. Cassava and sweet potato are relatively newcomers to the
Pacific region but have rapidly gained traction among some farmers on account of the
fact they demanded less nutrients (Sivan, 1989), comparative ease of establishment and
cultivation, and resilience to pests, disease and drought (FAO, 2010).
Cassava is believed to have originated from South America (particularly Northern
Brazil), while sweet potato is originally from American Continent (mainly between
Mexico, Central America and Caribbean), but the crop is widely grown in many
tropical and subtropical countries (Lebot, 2009). Taro is believed to have two
originating gene pools; one in the South-east Asia and the other gene pool from the
Pacific, mainly in the islands of Melanesia (from Papua New Guinea to Fiji). (Lebot,
2009). Yams are grown in many tropical regions throughout the world, but the main
production centre is the savannah region of West Africa, where more than 90 percent of
the crop is grown, mainly in Nigeria. However, the two species Dioscorea alata and
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Dioscorea esculenta originated from South Asia (FAO, 1990). The spread of root crops
was facilitated by their ability to thrive under varied tropical conditions. Their level of
water tolerance varies considerably, ranging from the waterlogged conditions required
for taro to the drought tolerance and minimal water supplies needed for cassava once it
has been established (Wilson, 1977).
In Santa Isabel Island and the rest of the other large Islands in the Solomon, taro and
yams used to be the most widely cultivated crops by small holder farmers, but crops are
now dominated by sweet potato in most areas. Cassava is also increasing in importance,
particularly in and near urban centers (Chase, 1981). In a number of countries like Fiji,
Solomon Islands and Vanuatu, there is already a shift away from the more nutrient
demanding crops like taro and yams to less nutrient demanding crops like cassava and
sweet potato (Sivan, 1989).

2.1.4 Root Crops: Description and Characteristics
2.1.4.1 Sweet Potato
Sweet potato or kurama/dovele as locally known on Santa Isabel Island is a creeping
plant and is the only economically important species of the family Convolvulaceae. The
starchy, tuberous roots are the major source of food, but the leaves are also useful
sources of vegetable greens in some countries (FAO, 2010). In Santa Isabel and the rest
of the other high volcanic islands in the Solomon Islands, sweet potato grows even on
high elevation areas. Sweet potato does not grow in waterlogged or flooded ground;
therefore in flat areas with high clay content, it is planted on raised mounds. Sweet
potato has become a staple amongst villagers when taro was devastated by the taro leaf
blight virus disease in the 1980s. The taro leaf blight was first reported in the Solomon
Islands in 1947. There are about 400 varieties of sweet potato in Solomon Islands,
which is less compared to Papua New Guinea where there are about 5,000 different
varieties (Bourke, 1985). Sweet Potato is normally grown using the tips of the vines
and matures 3 to 6 months after planting (Chase, 1981)
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Figure 2.2: Sweet potato grown on raised mounds

2.1.4.2 Cassava
Cassava is locally known as Bia and is a relatively new crop to Solomon Islands and
other PICs but is becoming increasingly popular as a staple food and livestock fodder
crop. Its nutritious leaves are eaten in some areas. Its starch-rich root is used in industry
elsewhere in the world for glue-making and other industrial purposes (FAO, 2010). It
can give high yields and is easy to grow, but preference is usually given to other crops.
The crop takes 6-24 months to mature, and the tubers are harvested when they are
required, as they do not store well. In Santa Isabel and the rest of the Solomon Islands,
the tubers are often boiled, baked, or made into puddings which are made into leaf
parcels of a mixture of grated cassava and coconut cream (Chase, 1981).

Figure 2.3: Two months old cassava (l); cassava flower when mature (r)
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2.1.4.3 Taro
Taro or Mha’u used to be the staple food on Isabel Island and most islands in Solomon
Islands, but has been largely replaced by sweet potato, mainly due to disease problems
and the greater effort required for cultivation. The taro leaf blight is caused by fungus
Phytophthora colocasiae. It was first reported in Java about a century ago, and has
since spread to various parts of Asia and the Pacific including Solomon Islands
(Onwueme, 1999). Taro is still widely grown by smallholder farmers on Malaita and on
other islands. The crop takes 8 to 12 growing months before it is harvested. The corms
are often baked or boiled to be eaten, and the leaves and young stems are often used as
green vegetables. The corms do not store well; it has limited storage life, approximately
two weeks (FAO, 2010). The taro variety Colocasia is susceptible to some pests and
diseases including taro leaf blight, plant leaf hoppers, caterpillars and mites (FAO,
2010).

Figure 2.4: Dryland taro (l); taro corm (r)

2.1.4.4 Yams
Yams are a high value food easily grown and mature quickly in the right soil
conditions. Unlike most other tropical root crops, yams exhibit well keeping qualities
and may be harvested well in advance of eating (FAO, 2007). The greater yam
(D.alata) or nufi and the lesser yam (D.esculenta) or pana as known locally
respectively are the two species of yams grown in the Solomon Islands. In this review
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yam refers to the greater yam and pana to lesser yam. Yams are widely grown in the
inland and weather-coast regions of Guadalcanal and on Small Malaita, Ngella and
Bellona (Chase, 1981). Yam, which is more commonly cultivated than pana, is
seasonal, taking 6-9 months to produce crop. Yams store well, and the tubers are boiled
or baked to be eaten (Chase, 1981).

FIGURE 2.5: Greater yam (l); lesser yam (r)

Table 2.2: Characteristics of root and tuber crops (Source: Derived from Kay, D.E., 1973.
Tropical Products Institute, London, as presented in Horton 1988). [n.a. = Data not available]

Characteristics

Cassava

Sweet Potato

Taro

Yam

Growth period (mo)

9-24

3-8

6-18

8-11

Annual or perennial plant

per.

per.

per.

ann.

Optimal rainfall (cm)

100-150

75-100

250

115

Optimal temperature (°C)

25-29

>24

21-27

30

Drought resistance

yes

yes

no

yes

Optimal pH

5-6

5.6-6.6

5.5-6.5

n.a.

Fertility requirement

low

low

high

high

Organic matter requirement

low

low

high

high

Growable on swampy

no

no

yes

no

Water-logged soil

no

no

yes

no

Planting material

stem

vine/cuttings

corms/cormels

tubers

Storage time in ground

long

long

moderate

long

Postharvest storage life

short

short

variable

long
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2.1.5 Environmental Conditions and Growth Requirements
The requirement of root crops for different soil and rainfall regimes provide farmers the
opportunity to mix-and-match different crops with different growing conditions.
Innovative farmers are able to cope with variable rainfall by planting crops in areas
with differing soil moisture requirements. For example, cassava and yam can be grown
in low rainfall regions and are considered by farmers as more drought tolerant than
sweet potato and taro. In contrast, most varieties of taro are suited to higher rainfall
areas, and some varieties actually grow well in wetland areas (FAO, 2010).

2.1.5.1 Sweet Potato
Sweet potato optimal rainfall requirement is between 750 mm to 1000 mm and optimal
growth temperature is greater than 24oC. It can also still grow in maximum rainfall
areas of about 1500 to 2500 mm per year. However, if grown in water logged
conditions they will not produce storage roots. Suitability of soil is another factor
essential in growth requirements. Sweet potato grows well in a variety of well-drained
soil with an optimal pH of 5.6 to 6.6. Hence, they have long storage time in the ground
(Kay, 1973).
2.1.5.2 Cassava
According to Kay (1973), cassava grows best in well-distributed rainfall setting of 1000
mm to 1500 mm/year with an optimal temperature between 25 to 29 oC. However,
higher rainfall levels can reduce tuber growth. It is considered highly tolerant of
drought and can be grown in areas receiving as low as 500 mm/year. Cassava prefers
low altitudes but can be grown up to an elevation of 1000 meters. It should not be
planted on slopes greater than 20 degrees. Cassava grows well on deep; medium
textured and freely drained soils, with an optimal pH of 5 to 6. It can also be grown on
sandy soils and will stand periods of drought (Chase, 1981). Cassava has low nutrient
and OM requirements and can be grown reasonably well in relatively infertile soils. It
has a long storage time in ground. Hence it is often used as a final crop in shifting
cultivation cycle prior to returning land to fallow (Chase, 1981).
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2.1.5.3 Taro
Taro generally grows best in a wet, humid environment. Most varieties do not tolerate
drought. It is typically grown in “wetland” conditions in upland areas with optimal
rainfall over 2000mm/year but can tolerate lower rainfall if it is well distributed
throughout the growing season. The optimal temperature it can survive is 21 to 27oC. It
responds well to Nitrogen, Phosphorus and Potassium applications and is often the first
crop grown in rotation following bush clearing. It is not tolerant to salinity and, while
shading may improve establishment, production is higher when exposed to direct
sunlight in later stages of growth. It can be grown in both sandy and clay soils but
prefers slightly acidic growing conditions (pH 5.5 to 6.5). Taro is usually grown either
on dry land, damp moisture places or in streamline areas. However, cultivars probably
differ in their tolerances to these contrasting moisture regimes (Chase, 1981) and so has
moderate storage time in the ground (Kay, 1973).

2.1.5.4 Yam
Most varieties of yams grow best in optimal rainfall of greater than 1150 mm/year and
an optimal temperature of 30oC (Kay, 1973; Chase, 1981). Yams do not tolerate poorly
drained soils or water logging. They are mildly drought tolerant but do not compete
well with weeds for soil nutrients. Yams are staked to improve yield, and reduce weed
competition and the incidence of anthracnose disease. They exhibit early shade
tolerance during establishment but require full sun for good yields. They can be grown
up to 800m altitude, but should not be planted on slopes greater than 15 degrees
(Chase, 1981). Yams are demanding and require soils more than 100cm deep, freely
drained, well structured, and fine to medium textured. The nutrient status must be good
as they have a high fertility and OM requirements. (Kay, 1973; Chase, 1981)

2.2 Understanding the Relationship of Climate Change
2.2.1 Definitions
To understand the relationship of climate change in the complexity of our earth
systems, there is a need to understand the key definitions in the climate change
discourse such as weather, climate, climate systems and climate change. Weather and
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climate have a profound influence on life on Earth. They are part of daily experience
and are essential for health, food production and well-being. The weather is the
fluctuating state of the atmosphere around us, characterized by the temperature, wind,
precipitation, clouds and other weather elements. It is the result of rapidly developing
and decaying weather systems such as mid-latitude low and high-pressure systems with
their associated frontal zones, showers and tropical cyclones. Weather has only limited
predictability beyond a week or two. (IPCC, 2007a).
Climate refers to the average weather in terms of the mean and variability of relevant
quantities over a certain time-span and a certain area. Climate varies from place to
place, depending on latitude, distance to the sea, vegetation, presence or absence of
mountains or other geographical factors. Climate varies in time from season to season,
year to year, decade to decade or on much longer time-scales, such as Ice Ages. The
acceptable period is 30 years as defined by the World Meteorological Organization
(WMO). These quantities are most often surface variables such as temperature,
precipitation, and wind. Climate in a wider sense is the state, including a statistical
description of the climate system (IPCC, 2007a).
The Climate System is an interactive system consisting of five major components:
atmosphere, hydrosphere, cryosphere, land surface and biosphere; forced or influenced
by various external forcing mechanisms, with the sun as the most important factor.. The
direct effect of human activities on the climate system is also considered an external
forcing. The climate systems evolve in time under the influence of internal dynamics
unique to each system and because of external forcings such as volcanic eruptions,
solar variations and human induced forcing such as the changing composition of the
atmosphere and land use change (IPCC, 2007a).
Climate Change refers to a statistically significant variation of the mean state of the
climate or its variability, typically persisting for decades or longer. Climate change may
be due to natural internal processes or external forcings, or to persisting anthropogenic
changes in the composition of the atmosphere or in land use (IPCC, 2007a). According
to UNFCCC Article 1, Climate Change is defined as a change of climate directly or
indirectly linked to human activity which alters the composition of the global
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atmosphere and which is in addition to natural climate variability observed over
comparable time periods (IPCC, 2007a).
2.2.2 The Interaction of the Earth’s Climate System
Earth’s climate is a complex interaction of several components: the ocean, atmosphere,
geosphere, cryosphere and biosphere. Although the climate system is ultimately driven
by external solar energy, changes to any of the internal components, and how they
interact with each other, as well as variability in the solar radiation received can lead to
changes in climatic conditions. These influences are often considered as ‘forcings’,
changes to climatic conditions (Viner et al., 2006). For many people, temperature and
precipitation characterize climate. Certainly, for many years climatology focused on
these two, but they are by no means the only climatic elements. Wind speed and
direction, cloud type and amount, sunshine duration, atmospheric humidity, air pressure
and visibility are obvious additions to the list of elements we notice every day. Climate
therefore consists of a mixture of these elements. On the other hand, elements such as
temperature and precipitation are regularly measured at tens of thousands of sites
around the globe (Robinson & Sellers, 1999). The earth’s climate system has
demonstrably changed on both global and regional scales since the pre-industrial era,
and there is a scientific consensus that changes were attributable to anthropogenic
activities (Oreskes, 2004; IPCC, 2007b). Emissions of greenhouse gases and aerosols
due to human activities continue to alter the atmosphere in ways expected to affect
climate (IPCC, 2001).

2.2.3 Greenhouse Gases and Global Warming
If it was not to have atmosphere, the earth’s average surface temperature would be
about –19oC. Because of a natural greenhouse effect, the average surface temperature
of the earth is comfortable 14 oC. Greenhouse gases, regarded as common components
of the Earth’s atmosphere, are nearly transparent to incoming short-wave radiation
from the sun. Therefore the sun’s energy can easily penetrate the atmosphere to warm
the earth’s surface, just as sunlight penetrates through the glass of a greenhouse (Gates,
1993; Fergusion, 1995). These greenhouse gases are nearly opaque to outgoing long-
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wave radiation from the earth, causing heat to be trapped within the “greenhouse” near
the earth’s surface (Fergusion, 1995).

Global warming is caused by thickening of the greenhouse layer by the accumulation of
greenhouse gases. The term “global warming” is used to describe the average increase
in global temperature of the atmosphere near the Earth’s surface which can occur from
natural and human induced causes (Dallas, 2008). Therefore global warming is specific
to an increase in temperature. The world has been warming for over one hundred years
and may warm in the future at a rate unprecedented in human existence, as a result of
industry, forest destruction, and agriculture. These activities result in the accumulation
of greenhouse gases, including carbon dioxide (CO2), nitrous oxide (N2O), methane
(CH4), ozone (O3), chlorofluorocarbon (CFC), and others. These compounds, along
with water vapor (H2O), are transparent to sunlight but absorb infrared heat. Their
presence in the atmosphere reduces the loss of heat from the earth’s surface to outer
space – the greenhouse effect – thereby making the world warmer (Gates, 1993).
Greenhouse effect is a natural process but it can be intensified by humans, in which
certain atmospheric gases absorb long wave (terrestrial) radiation and hinder its
transmission from the earth’s surface to space (Rohli & Vega, 2008)

2.2.4 Global Warming to Climate Change
Conversely, climate change is an issue because of global warming. Both terms can be
used interchangeably as they are interlinked. Global warming is the driving force
behind climate change. Climate change is more encompassing and indicates there are
additional changes occurring other than increase in temperature alone which is confined
to the global warming concept (Dallas, 2008). Usually climate change is a long-term
statistic variation in the mean condition of the climate or in its variability, predicted
from a 30-year mean. It includes shifts in the frequency and magnitude of sporadic
weather events as well as the slow continuous rise in global mean surface temperature
(IPCC, 2001). The scientific consensus is both climate change and global warming will
lead to the same dire consequences. Retreating glaciers, melting polar ice-sheets, rising
sea levels and more intense tropical cyclones are considered manifestations of climate
change provoked by global warming (IPCC, 2001).
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According to Rohli and Vega (2008), several natural variability including geological,
astronomical, solar, and oceanographic mechanisms are known to contribute to climatic
change and variability, on times scales ranging from millions of years to a few months.
These are continental drift, milan kovitch cycles, volcanic activity, and variations in
solar output and ENSO events. Human activities contribute to climate variability and
these changes include land-use changes, urban heat, deforestation, desertification,
biomass burning and green house gas emissions.

2.2.5 Major Variables of Climate Change
2.2.5.1 Temperature
The Global average surface temperature has risen since 1950. The updated 100-year
trend (1906-2005) was 0.74oC ± 0.18oC larger than the 100-year warming at the time of
TAR (1901 – 2000) which was 0.6oC ± 0.2oC due to additional warm years. The two
warmest years on record since 1850 were 2005 and 1998. Recently, in 2010 was also
considered warmest on record. The global average was 0.5 oC above the 1961 – 1990’s
mean (World Meteorological Organization, 2010). This value is 0.01oC above the
normal temperature in 2005, and 0.02oC above in 1998 (WMO, 2010). The major 19971998 El Niño enhanced surface temperature in 1998 but no such strong anomaly was
present in 2005. The rate of warming averaged over the last 50 years is nearly twice
that for the last 100 years (IPCC, 2007a). Changes in extremes of temperature are also
consistent with warming of the climate. Warm nights have become more frequent
across most of the same regions. Diurnal temperature (the difference between day and
night) decreased by an average of 0.07 oC per decade over the period 1950-2003 (IPCC,
2007a). According to IPCC (2007a), the general consensus on the global mean
temperature now is 0.8oC.
In the Pacific, the projected magnitude of warming over the Pacific Climate Change
Science Program (PCCSP) region, is about 70% as large as the magnitude of the global
average warming for all emission scenarios. This was linked to warming oceans, as
PCCSP region is dominated by the ocean. Projections based on three 20-year periods
relative to the 1990 baseline temperature, shows that by 2030, the projected regional
warming is around +0.5 to 1.0oC regardless of emission scenarios. By 2055 the
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warming is around is +1.5 to 2.0oC with regional differences depending on the
emissions scenario. By 2090 the warming is around +1.5 to 2.0 oC for B1(low emission
scenario), +2.0 to 2.5oC for A1B (medium emssion scenario), and +2.5 to 3.0 oC for A2
(high emssion scenarios) (PCCSP, 2011).

2.2.5.2 Rainfall
Precipitation has increased during the 20th century by 5% to 10% over most mid and
high latitudes of the Northern Hemisphere continents, but in contrast, rainfall has
decreased by 3% on average over much of the subtropical land areas. Increasing global
mean surface temperature is likely to lead to changes in precipitation and atmospheric
moisture because of changes in atmospheric circulation, a more active hydrological
cycle and increases in the water-holding capacity throughout the atmosphere. There has
likely been a 2 to 4% increase in the frequency of heavy precipitation events in the
mid-and high latitudes of the Northern Hemisphere over the latter half of the 20 th
century. There were relatively small long-term increases over the 20th century in land
areas experiencing severe drought or severe wetness, but in many regions these changes
are dominated by inter-decadal and multi-decadal climate variability with no significant
trends evident over the 20th century. Globally, averaged annual precipitation is
projected to increase during the 21st century; hence the average water vapor and
evaporation are also projected to increase (IPCC, 2001).
In the PCCSP region, increases in the annual mean rainfall are projected to be most
prominent near the SPCZ and ITCZ, with little change in the remainder of the region.
The annual numbers of rain days (over 1 mm), light rain days (10-10 mm) and
moderate rain days (10-20 mm) are projected to increase near the equator, with little
change elsewhere in the region. There is a widespread increase in the number of heavy
rain days (20-50 mm). Extreme rainfall events currently occur once every 20 years on
average are generally simulated to occur four times per year, on average, by 2055 and
seven times per year, on average, by 2090 under the A2 (high) emissions scenario.
Droughts are projected to occur less often (PCCSP, 2011). However, it is not possible
to get a clear picture for precipitation change, due to high model uncertainties. The
tables below show the projected changes in climate from 1990s – 2050s with the
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associated uncertainties for the Pacific region (Table 2.3), hence temperature change
scenarios (Table 2.4) for the selected regions of the Pacific (IPCC, 2001)
Table 2.3: Changes in Climate from the 1990s to the 2050s Decades, and Associated
Uncertainties, in the Pacific Islands Region (from Lal et al., 2002), (Source: Hay et al, 2003)

Projected Change

Range of Uncertainty

Annual Temperature

+1.63

± 0.23

Summer Temperature

+1.65

±0.20

Winter Temperature

+1.61

±0.27

Annual Precipitation

+4.90

±0.80

Summer Precipitation

+3.70

±1.20

Winter Precipitation

+6.80

±3.30

Table 2.4: Scenarios of Temperature Change (oC) for Selected Regions (Source: Hay et al,
2003)

Regions

Local warming

Warming to 2050

Warming to 2100

per oC of global
warming
Low

median

High

low

median

high

Micronesia

0.7 to 1.0

0.4

0.8

1.3

0.6

1.6

3.5

Melanesia

0.7 to 0.9

0.4

0.8

1.2

0.6

1.6

3.2

Polynesia N

0.8 to 1.0

0.4

0.8

1.3

0.7

1.6

3.5

Polynesia S

0.7

0.4

0.7

0.9

0.6

1.4

2.5

2.3 Observed Climate Change in Solomon Islands

2.3.1 Temperature
The temperatures in the Solomon Islands are fairly constant (23 oC – 31oC) throughout
the year with very little seasonal variation (PCCSP, 2011). The temperatures are
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sturdily linked to changes in the sea-surface temperature. The country has two distinct
seasons; a wet season from November to April and a dry season from May to October
(GFDRR, 2011; PCCSP, 2011). Solomon Islands temperature data (for some locations)
suggested there is an increase annual mean temperature trends of 0.14°C to 0.28°C per
decade (0.7°C to 1.4°C every 50 years), an average of 0.2°C per decade. (IPCC,
2007a). This is based on the IPCC best guess greenhouse gas (GHG) emissions
scenario (IS92a). In Honiara alone annual maximum and minimum temperatures have
increased since 1951 (Figure 2.6). Maximum temperatures have increased at a rate of
0.15°C per decade since 1951. These temperature increases are consistent with the
global pattern of warming (PCCSP, 2011).

Figure 2.6: Annual mean temperatures 1951 – 1994; [Honiara; Taro; Auki; Munda], (Source:
PCCSP, Country Report for Solomon Islands, 2011)

2.3.2 Rainfall
Rainfall in the Solomon Islands is affected by the West Pacific Monsoon, the South
Pacific Convergence Zone and the Inter-tropical Convergence Zone. These bands of
heavy rainfall are caused by rising air over the warm waters where winds converge
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resulted in thunderstorm activity. The South Pacific Convergence Zone extends across
the Pacific Ocean from the Solomon Islands to the Cook Islands. The Inter-tropical
Convergence Zone extends across the Pacific just north of the equator (Figure 1.3). The
West Pacific Monsoon also influences rainfall in the Solomon Islands. The monsoon is
driven by large differences in temperature between the land and the ocean, and its
arrival usually brings a switch from very dry to very wet conditions. Rainfall in
Solomon Islands varies greatly from year to year due mainly to the influence of the El
Nino-Southern

Oscillation

(2011).

However,

observed

rainfall

from

seven

meteorological stations across the Solomon Islands show a decreasing trend, but a
longer time period of observations is required in order to derive statistical significance
from these (GFDRR, 2011). Data for Honiara since 1950 show no clear trends in
annual or seasonal rainfall (PCCSP, 2011). Over this period, there has been substantial
variation in rainfall from year to year.

2.4 The future climate change projections for Solomon Islands

2.4.1 Temperature
The climate projections for the Solomon Islands are based on three PCCSP emissions
scenarios: low (B1), medium (A1B) and high (A2), for time periods around 2030, 2055
and 2090. Since individual models give different results, the projections are presented
as a range of values. Projections for all emissions scenarios indicate the annual average
air temperature and sea surface temperature will increase in the future in the Solomon
Islands (PCSSP, 2011). By 2030, under a high emissions scenario, this increase in
temperature is projected to be in the range of 0.4–1.0°C. Increases in average
temperatures will also result in a rise in the number of hot days and warm nights and a
decline in cooler weather (PCCSP, 2011) Future projection over the 21st century
projected surface air temperature and sea-surface are continuing to increase (very high
confidence), because warming is physically consistent with rising greenhouse gas
concentration and all CMIP3 models agree on this direction of change (PCCSP, 2011).
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2.4.2 Rainfall
The average annual and season rainfall is also projected to increase over the course of
the 21st century. Wet season increases are likely due to the expected intensification of
the South Pacific Convergence Zone and the Western Pacific Monsoon. However, wet
season (November – April), dry season (May – October) and annual average rainfall are
projected to increase over the course of the 21st century. There is a high confidence in
this direction of change because; physical arguments indicate rainfall will increase in
the equatorial Pacific in a warmer climate (IPCC, 2007) and almost all of the CMIP3
models agree on this direction of change by 2090. Drought projections are inconsistent
across the Solomon Islands; however, according to PCCSP (2011), incidence of
drought is projected to decrease over the course of the 21st century. There is a moderate
confidence in this direction of change because a drought is consistent with projections
of increased rainfall and majority of models agree on this direction of change for most
drought categories. Model projections also show extreme rainfall days are likely to
occur more often (PCSSP, 2011).

2.4.3 Tropical Cyclones (TC)
The global projections on tropical cyclones indicated there is likely to be a decrease in
the number of tropical cyclones by the end of the 21st century. But there is likely to be
an increase in the average maximum wind speed of cyclones by between 2% and 11%
and an increase in rainfall intensity of about 20% within 100 km of the cyclone centre.
In the Solomon Islands’ region, projections tend to show a decrease in the frequency of
tropical cyclones by the late 21 st century and an increase in the proportion of the more
intense storms (PCSSP, 2011)

2.4.4 Sea Level Rise (SLR)
Sea level is expected to continue to rise in the Solomon Islands. By 2030, under a high
emissions scenario, this rise in sea level is projected to be in the range of 4-15 cm. The
sea-level rise combined with natural year-to-year changes will increase the impact of
storm surges and coastal flooding. There is still much to learn, particularly how large
ice sheets such as Antarctica and Greenland contribute to sea-level rise, scientists
warned larger rises than currently predicted could be possible. Under all three
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emissions scenarios (low, medium and high) the acidity level of sea waters in the
Solomon Islands region will continue to increase over the 21st century, with the
greatest change under the high emissions scenario. The impact of increased
acidification on the health of reef ecosystems is likely to be compounded by other
stressors including coral bleaching, storm damage and fishing pressure (PCSSP, 2011).

2.5 Climate Change and Agriculture: The nature of the relationship

2.5.1 Climate and Food Production
Climate is a resource to consider using or hazard to avoid. It is the first resource of all
mankind. The major energy resource for the earth enters the human economy through
photosynthesis: carbon comes from CO2 in the atmosphere, water from precipitation
via the soil, and energy from sunlight. From this remarkable act of catalytic chemistry
comes food, natural fibers, and timber. Climate is a resource even if we adopt the
economists “restricted” definition of the word. It is something scarce that needs to be
allocated. It is a renewable natural resource. If climate is good for food production,
recreation, health, or other purposes, it will command a price. Climate and its elements
are also a set of resources we need to develop. Although it’s renewable, it is not an
inexhaustible resource. There are hazards we must cope with, adapt to, or learn to
avoid. Whichever the approach, climate is a resource that has value, and that value will
very likely change significantly if climate changes (Hare, 1980).

Environmental conditions such as temperature, rainfall, rainfall seasonality, flooding,
soil fertility, soil structure and slope influence agricultural production. Different
combination of environmental conditions will favor or constrain agricultural
productivity (Rosenberg, 1988). Temperature and water balance determine, in large, the
distribution of crops, forests, and food animals. The production of agriculture needs an
improved predictability of weather within the time span of a crop’s growing season,
coupled with an improved predictability of season-to-season variability of weather and
climate over a time span of a few years to a few decades. The real challenge is to
determine the cause and effect of variability rather than a response to one global
perturbation, the so-called greenhouse effect (Allen et al., 1987).
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Other elements may be equally, or more, important in particular situations. For
example, soil moisture, soil temperatures and evaporation are vital in agriculture.
Climate must be managed as a resource to be used wisely on the one hand, and a hazard
to be dealt with on the other. One of the challenges for the future will be to combine
improved climate information and new technologies for planting and decision making
in the management of food, energy, and water resources (Wittwer, 1995).
2.5.2 Climate Change Impacts on Agriculture and Food Crops
Agriculture is naturally sensitive to climate conditions, and is one of the sectors most
vulnerable to the risks and impacts of climate change (Reilly et al, 1995; Smith &
Skinner, 2002). Rapid change in the global climate is more likely to create negative
effects far outweighing the positive ones. Most rapid changes will produce dislocations
reducing biological fitness and/or productivity before human or natural readjustments
can become effective (Baes et al., 1981).
FAO (2010) asserted croplands, pastures and forests occupy 60 % of the globe are
progressively being exposed to threats from increased climatic variability and, in the
longer run, to climate change. Irregular changes in surface air temperature and rainfall
and resulting increases in frequency and intensity of droughts and flooding events have
long-term repercussions for the viability of these ecosystems (FAO, 2010). It is
projected that although multidimensional problems occurred with many of the models
for estimating the impacts of climate change on crop production (Karim et al., 1998;
Reilly, 1996; Reilly et al., 1996), general simulation results showed global agricultural
production will be affected by climate change.
In the Pacific region, it is widely accepted the overall impact of climate change on crop
production will be negative. While higher carbon dioxide levels in the atmosphere may
actually promote the growth of some crop species (FAO, 2003; Jokhan, 1993), many
crop species are already considered to be growing in situations close to their maximum
heat tolerance, which means even a small amount of warming combined with rainfall
changes may result in substantive decreases in crop yields (FAO, 2010). Hence, the
impact of climate change on the level of production and crop yield will not be similar
across the Pacific region. It will vary from country to country as a result of diverse
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geophysical attributes (e.g. geographical location; height above sea level; and extent
and fertility of existing soil and land resources) and of course various socio-economic
factors (e.g. human and financial capacity to plan and prepare for climate change)
(FAO, 2010).

Solomon Islands agriculture production has a high propensity of vulnerability since it is
dependent on a wide range of natural ecosystem services such as soil fertility, insect
pollination and the maintenance of soil moisture levels through rainfall (FAO, 2008).
These ecosystem services are highly inter-related are strongly dictated by prevailing
climatic regimes. Therefore, long-term changes to rainfall, temperature, and soil and
air-moisture regimes will impact agricultural yields and the distribution and types of
crops which can be grown (FAO, 2010).

Generations of accumulated traditional knowledge relating to seasonal variations in
rainfall, temperature, winds and pollination, and their influence on crop planting and
harvesting times are now under threat given the unparalleled speed of environmental
change impacting the region (FAO, 2010). Left unchecked, climate change will
seriously threaten food security and livelihoods of Solomon Islanders. Climate change
must be tackled head on with a calculated and planned approach drawing on both
modern and indigenous agricultural production practices (FAO, 2010). Arguably the
greatest challenge lies in synthesizing and transferring this knowledge to the many
thousands of Solomon Islanders who are still depending on subsistence shifting
agriculture.
Around 60% of the total land area (27000 km2) in Solomon Islands comprised of steep
land areas, thus most of the country’s agricultural activities are conducted on the
coastal plains. These coastal areas are particularly vulnerable to the impacts of cyclones
and salt-water intrusion. Cyclones can damage agriculture through intense winds and
flooding, as in 1986, when cyclone Namu significantly affected the agriculture
production in Solomon Islands. Coastal erosion and increased intensity of storm surges
could also impact agricultural productivity across the low-lying areas of the country
(GFDRR, 2011). Reports of root crop failure in east Malaita caused by prolonged
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heavy rain is an example of vulnerability caused by climate extreme, population shift
and land pressure (Evans, 2006). Reduced water availability during dry periods could
exacerbate agricultural water needs, and already much of the country relies on water
from rains of the monsoons to sustain productivity (GFDRR, 2011). Salt-water
intrusion into inland gardens (primarily for taro production) has already begun to affect
some atoll islands of Solomon Islands like Ontong Java, making tubers yellow and
bitter and rendering them unsuitable for consumption (GFDRR, 2011). This saw taro
production in the atoll islands of Ontong Java, having declined as a result of high
salinity levels in the soil.

2.6 Decision Support System for Agrotechnology Transfer (DSSAT) Model.

2.6.1 Description of DSSAT
The DSSAT is a computer based simulation mode tool, which mathematically
represents the real world system. It incorporates the combination of soil, crop
phenotype, and weather and management option databases into standard formats for
access by crop models and application programs. The foundation for the new
DSSATv4.5 cropping system model (CSM) design is a modular structure in which
components separate along scientific discipline lines and are structured to allow easy
replacement or addition of modules (Figure 2.7). DSSAT simulate multi-year outcomes
of crop management strategies for different crops at any location in the world. It also
provides validation of crop model outputs thus allowing the users to compare simulated
outcomes with observed results. Crop model validation is accomplished by inputting
the minimum data, running the model, and comparing outputs. The DSSAT model
incorporates 27 different crops with new tools assisting the creation and management
of experimental, soil, and weather data files.
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Figure 2.7: The description of the DSSAT-CSM components

2.6.2 Collection of Minimum Data Set (MDS) on the field
The minimum data set (MDS) refers to a minimum set of data required to run the crop
models and validate the outputs. Validation requires; site weather data for the duration
of the growing season, site soil data, and management and observed data from an
experiment.
2.6.2.1 Weather Data
The minimum required weather data to be collected includes: latitude and longitude of
the weather station, daily values of incoming solar radiation (MJ/m²-day), maximum
and minimum air temperature (ºC), Rainfall (mm). Accessory data sets, such as daily
dry and wet bulb temperatures and wind speed, are optional. The period of weather
records for validation must, at a minimum, cover the duration of the experiment and
preferably should begin a few weeks before planting and continue a few weeks after
harvest so "what-if" type analyses may be performed as desirable. In this study, there
was no solar radiation data available, so it was generated automatically using the
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Google Earth program. Studies have shown solar radiation generated from Google
Earth is more precise than observed solar radiation data (Hoogenboom et al., 2010;
Jones et al., 2010)

2.6.2.2 Soil Data
Desired soil data includes soil classification (e.g. USDA/NRCS), surface slope, soil
color, permeability, and drainage class. Soil profile data by soil horizons include upper
and lower horizon depths (cm), percentage sand, silt, and clay content, 1/3 bar bulk
density, organic carbon, and pH in water, aluminum saturation, and information on
abundance of roots (Hoogenboom et al., 2010; Jones et al., 2010)
2.6.2.3 Crop Management
Crop management data includes information on planting date, dates when soil
conditions were measured prior to planting, planting density, row spacing, planting
depth, crop variety, irrigation, and fertilizer practices. This data is needed for both
model validation and strategy evaluation. In addition to site soil and weather data,
experimental data includes crop growth data, soil water and fertility measurements,
which are needed for model validation (Hoogenboom et al., 2010; Jones et al., 2010).
Table 2.5: Summary of data requirements in the MDS

Data

Requirements

Weather

Daily precipitation, maximum and minimum temperatures, solar
radiation

Soil

Soil texture and soil water measurements

Management

Planting date, variety, row spacing, irrigation and N fertilizer
amounts and dates, if any

Crop data

Dates of anthesis and maturity, biomass and yield
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2.6.3 Application of DSSAT
The real power of the application of DSSAT for decision making is in its ability to analyze
many different management strategies. When a user is convinced the model can accurately
simulate local results, a more comprehensive analysis of crop performance can be conducted
for different soil types, cultivars, planting dates, planting densities, and irrigation and
fertilization strategies to determine those practices most promising and least risky (Jones et al,
1998). Scientists have used DSSAT and its component to provide information for decisions
ranging from those that deal crop management to improve crop production and minimize risk to
identification of sites for a particular crop production to be expanded and to those that estimate
changes in the crop performance due to potential climate change (Jones et al, 1998).

2.7 Past Research Work and Studies

2.7.1 Quantitative Based Studies
There are extensive studies being conducted around the world on the impacts of climate
change on crop production. Most of these are empirical and are model based simulation
studies but focused mainly on rice, wheat and maize production in the developed
countries. Summarized below are some of the modeling works.

2.7.1.1 The General Circulation Models (HCM and CCCM)
Tubiello et al. (2000) conducted a study using the climate scenarios from two general
circulation models; (Hadley Centre Model (HCM) and the Canadian Community
Climate Model (CCCM) and the DSSAT family of models to simulate wheat, corn and
potato in assessing their yields and growth across the United States of America (USA).
Their study concluded, the USA agriculture as a whole will still be able to equally
supply the crop production demand and their ability to feed themselves as the
production would increase due to elevated CO2 on crop yields, even though, there are
threats from future climate change.

2.7.1.2 AGROSIM and HERMES Model
Kersebaum et al. (2009), used the AGROSIM model to simulate the effect of elevated
CO2 on crop growth and yield information of winter wheat, winter barley and sugar
beets using data of the German FACE (Free Air Carbon Dioxide Enrichment
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Experiment) and the HERMES model to estimate the effects of climate change on crop
growth of winter wheat and maize and the resulting consequences for water and
nitrogen management in combination with downscaled climate change scenarios of
selected weather stations in Germany. Their results showed that though there are
observed water differences reflected in the water consumption using the AGROSIM
model, it required further modification on the model approach. Hence, with the
HERMES model, it indicated that with decreasing summer precipitation, the nitrogen
efficiency also decreases. This leads to the reduction of growth and yield, thus, it
affects the normal crop production.

2.7.1.3 CropSyst Model
Tingem et al. (2008b) used the crop model known as CropSyst (Stockle et al., 2003) to
carry out an adaptation assessment for crop production in response to climate change in
Cameroon. CropSyst is a multi-year, multi-crop, daily time step cropping system
simulation model, which is extensively used to simulate crop growth and yield. Their
results established a remarkable outcome for the use of new crop cultivars with specific
genetic traits as most effective in reducing adverse effects of climate change in
Cameroon.

2.7.1.4 APSIM
APSIM is known as Agricultural Production Systems Simulator. It is widely used in
Australia. It can simulate a biophysical process in farming system, in particular where
there is interest in the economic and ecological outcomes of management practices in
the face of climate risk. Some of the studies include; crop management (Muchow &
Keating, 1997; Inman-Bamber & Muchow, 2001), climate risks and impacts (Keating
& Meinke, 1997), land use studies (Meinke & Hammer (1995b) and the impacts of
climate change on cassava in the Pacific (Commonwealth Scientific and Industrial
Research Organization [CSIRO], 2012).

2.7.1.5 DSSAT Model
The DSSAT model has been in use for the past 15 years by researchers all over the
world, for a variety of purposes, including crop management (Fetcher et al., 1991),
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climate change impact studies (Alexandrov and Hoogenboom, 2001), sustainability
research (Quemada and Cabrera, 1995), and precision agriculture (Paz et al., 2001,
2003), and is well validated for a number of regions and crops. The SUBSTOR-Aroid
model in DSSAT is the one used in this research.

2.7.2 Qualitative Based Studies
These studies are conducted using mostly qualitative approach to obtain the data and
information based on field based observation, interviews, historical evidences and
indigenous knowledge (IK) of the local people in the communities. Khadka (2011)
studied the impacts of climate change on cash crop production in the Annapurna
Conservation Area (A Case Study from Lwang Ghalel Village Development
Committee, Kaski District) in Nigeria. The data collection technique for this study
includes reconnaissance surveys, key informant interviews, a questionnaire survey,
formal and informal discussion, direct observation and collection of meteorological
stations weather data. In Bang et al. (2003), the working paper on “Stabilization of
Upland Agriculture under El Niño-induced Climatic Risk: Impact Assessment and
Mitigation Measures in Papua New Guinea”, it used and information collected from
collaborating agencies and surveys conducted following the 1997 drought event and
mapping drought and frost impacts and historical rainfall data and prediction were
made. Ramussen et.al,(2009), studied the impacts of climate change on vulnerability
and adaptation in the three Polynesian outliers; Ontong Java, Tikopia and Bellona of
the Solomon Islands; they basically used household survey, focus group and key
interviews, field mapping, soil sampling, field visits, assessing exposure and adaptation
and understanding the hazards of the past and present. Similarly, Live & Learn
Education (2010) carried out a study known as “Navigating false season” in Solomon
Islands and Vanuatu using the Research of Aspiration and Perception (RAP) as a
participatory data collection approach based on participatory research or partnership
between researchers and community members.

SINAPA (2008) carried out extensive consultations on vulnerable sectors to climate
change throughout the country. SINAPA identified agriculture as the priority sector of
the seven sectors identified throughout the consultative process. From this consultative
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process, vulnerability and assessment studies were conducted on small remote Islands
and, identified Ontong Java’s (a Polynesian community with 122 islands, 2 main
villages and a total of population 1,797) taro production and yield as being affected by
inundation and SLR. Ontong Java is one of the sites under the PACC project in
Solomon Islands. The PACC project is working to build the resilience of Ontong Java’s
community.

2.8 Conclusion
Agriculture as one of the most significant sectors contributing substantially to food
production and global economy; it is one of the most vulnerable sectors to climate
change. There has been extensive research on the impact of climate change on crop
production in the developed countries but most studies were focused on cereal crops
and little on root crops. Root and tuber crops have dominated agriculture and are major
food source in Solomon Islands and other PICs. They are vulnerable to impacts of
climate change. While some work in the Solomon Islands have assessed the
vulnerability of crops to climate variability and change on atoll and low lying coastal
agricultural communities, arguably none have been carried out on the impacts of
climate variability and change and extreme events on root crop production in the
upland areas of the large islands.
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CHAPTER 3
METHODOLOGY
3.1 Introduction
This study assesses the impacts of climate change on root crop production using farmer
and community perception and a biophysical process-based model (DSSAT MODEL)
to analyze crop growth and production. This chapter discusses the steps and approaches
involved in obtaining and analyzing the data.

3.2 Study Approach
In review of the past research work and studies (Section 2.7) in Chapter 2, this study
collectively undertake a “Mix-Methodological Approach” also known specifically as
Methodological Triangulation (Mikkelsen, 2005). “Methodological Triangulation” is a
mixture of both quantitative and qualitative methods. “Quantitative Method” focuses
mainly on measurement when collecting and analyzing data. Thus it is defined, not just
by its use of numerical measures but generally one that follows a natural science model
of the research process measurement to set up objective knowledge (knowledge that
exists independently of the views and values of the people involved). Generally it
makes use of deduction, research that is carried out in relation to hypotheses drawn
from theory (Spratt et al., 2004). While “Qualitative Method” in this study will
emphasizes meanings (words) rather than frequencies and distributions (numbers) in
data collection and analysis. Thus qualitative ‘methods’ are often binary in that they are
interested in the presence or absence of phenomena, or they work absolutely with
simple scales. Primarily qualitative research seeks to understand and interpret the
meaning of situations or events from the perspectives of the people involved and as
understood by them. It is generally inductive rather than deductive in its approach, that
is, it generates theory from interpretation of the evidence, even if against a theoretical
background (Spratt et al., 2004).
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3.3 Study sites
The study was carried out in six sites on Santa Isabel Island (Fig 3.1). They are Guguha
[8.06o S, 159.30o E], Hovikoilo [8.07o S, 159.32o E], Tatamba [8.23o S, 159.47o E],
Ligara [8.22o S, 159.48o E], Biluro [8.17o S, 159.25o E] and Hirolegu [8.17o S, 159.26o
E]. These sites are located in three districts; Guguha and Hovikoilo in Maringe district,
Tatamba and Ligara in Gao district and Biluro and Hirolegu in the Hograno district.

N

Santa Isabel Island

Hovikoilo
Guguha

Ligara

Hirolegu

Biluro
Tatamba

Figure 3.1: Map of Isabel showing the study sites in dots (black)
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3.3.1. Site Selection
The selections of these sites were based on the concentration of general populace (n ≥
200) per village sites, and the location of subsistence agricultural sites away from
coastal areas (100m far in land) and the elevation of agricultural sites, which is 10
meters above sea level. The six sites fall within three soil series: Mbina Series
(Guguha, Hovukoilo); Zabana Series (Tatamba, Ligara) and Litoghahira Series (Biluro,
Hirolegu).

3.3.2 Duration of Study
The field study was conducted from July 27th to September 30th, 2011. The researcher
visited and spent a week each on Honiara and six sites in Isabel Province, Guguha
Hovukoilo, Tatamba, Ligara, Biluro, Hirolegu and Buala Agriculture Office. The team
consists of the researcher and two field assistants at any one time (two were identified
in each village sites as the researcher proceeded from one study site to another). The
field assistants assisted with vernacular explanations and translations since these six
sites fall within three different districts which use three different dialects. The field
assistants were the key players in making the field site visits and observations possible.
They collected information on what farmer participants have mentioned in their
interviews and questionnaires. As in most studies on climate change in the least
developed countries, there were limitation of historical records of climate variability,
events and impacts. Therefore, this study involved the use of a variety of methods and
sources of information [Section 3.4].

3.4 Data Collection Techniques
3.4.1 Climate Data
As part of the process to obtain climate data, a letter seeking permission was sought
prior to starting of the actual field work from the Solomon Islands Meteorological
Office in Honiara by the Director of the Pacific Centre for Environment and
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Sustainable Development (PACE-SD), of the University of the South Pacific (USP).
Climate data for Santa Isabel Island was only available for 2008 to 2010 period.
Limited climatic data is particularly true in developing countries, where one
meteorological station set to cover a wide geographic area (Yesuf et al., 2008). The
climate data (2008-2010) for Santa Isabel Island was validated and obtained from the
SUMITOMO mining company in Santa Isabel. The data includes; daily maximum and
minimum temperature, daily rainfall, wind speed and daily solar radiation. This was the
data used for the crop simulations using the minimum data set (MDS), except for wind
speed.
3.4.2 Soil Data
The same process was used to obtain relevant soil data. Another letter requiring
permission was again sent to the Solomon Islands Ministry of Agriculture in Honiara
by the Director of PACE-SD at USP. All soil properties of studied sites were obtained
from soil profile data book called “Land Resources of the Solomon Islands Volume 5
Santa Isabel” which has soil profile data which dates back 40 years (Hansell & Wall,
1976).
3.4.3 Crop Management Data
In collecting crop management data, this study used household survey and field visits
and observations.
3.4.3.1 Household Survey
A total of sixty structured household interviews were conducted. In each of the six
study sites, ten households were randomly chosen to represent each village. In all
households the interviewees were of mixed gender, with both husband and wife
present, often together with children and other relatives. Although men were formally
considered the head of a household, women responded to most questions because they
are the ones who spent most of their time gathering and growing crops in the gardens.
Interviews focused on two parts: the crop management and climate variables and
impacts. The root crop management questions focused on the four root crops including
information on crop varieties, crop preferences, crop production and quality, planting
sites and location, planting dates and planting methods (Appendix 1). Questions on the
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impacts of climate variability includes; traditional knowledge and observations on wet
and dry seasons, frequency and intensity of cyclones, flooding and rain, soil erosion,
soil fertility, and drought (Appendix 1).
3.4.3.2 Field Visits and Observations
The purpose of the field visits and observations was to make observation on crop
growth and health, pests and diseases and number of crop types and garden locations. A
number of garden sites had been conducted as “narrative walk” with farmers and
research assistants and translators. The common method that was used to obtain growth
stages and varieties of root crops was through taking photographs and sketching.

3.4.4 Local Perception on Climate Change Impacts
3.4.4.1 Key Informant Interviews
After collection of relevant background information from the household using the
survey form, an in-depth semi-structured interviews were conducted with local chiefs,
teachers, elders and other identified key informants in order to establish timelines of
climate events and get a more detailed insight into perceptions of climate-related
changes, impacts, vulnerability and adaptation in the areas on historical evidences and
indigenous knowledge of the local people. The key informant interviewees are age
ranged between twenty to sixty years of age. (Appendix 2).

3.4.4.2 Understanding the past and current climate variability, events and impacts
The understanding of climatic hazards is based on four main sources of information:
Firstly the global and regional literature available on climate change, including the
IPCC’s Fourth Assessment Report; secondly, the PCSSP reports Volume 1 and 2,
thirdly, the climatic data obtained from Solomon Islands Meteorological Service
Office, and fourth, information from the household survey, the key informant and focus
group interviews. The latter was mainly to (a) establish ‘time lines’ for the past 30
years centered on ‘key events’ such as major droughts and cyclones; and (b) obtain
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information on the respondents’ perception of the relative severity of different elements
of climate change.

3.5 Data Quality Control and Assurance
Data collection process from field and especially from farmers is a challenge. Prior to
the actual research conducted in Santa Isabel in the Solomon Islands in August to
September 2011, the questionnaires were pretested to farmers in Navai, in the interior
district of Ba of the Viti Levu Island in Fiji, during the EV414 climate change course
field trip by the University South Pacific students in April 2011.
It was found that at times research assistants and translators might possibly have filled
in their own responses. The respondents could also deliberately give incorrect
information for safety or confidential reasons. Therefore, the data has to be rechecked
on questionnaire filling and possibly re-conduct interview for possible mistakes with
the answers and data gathered. All these have the potential to impact data quality. The
field study therefore tried to maintain high data quality by involving the researcher
themselves with the research assistants and translators. For models, data checking and
filling is very important for accuracy. In this study, missing weather data could lead to
accuracy being lost with the model, if the data is to be often used. Therefore, the
DSSAT model used standard procedures to fill any gaps. The IBSNAT has developed
software (WeatherMan) that facilitates the checking of weather data and compute
surrogates values for missing days and inserts appropriate flags to indicate the nature of
any replacement (Hansen et al, 1994). This process is also known as data cleaning.

3.6 Decision Support System for Agrotechnology Transfer (DSSAT): Crop
Modeling
The SUBSTOR-Aroid model in the DSSAT Version 4.5 was used to assess the impacts
of climate variability and changes on root crops in three sites (Hovikoilo, Tatamba and
Biluro) in Santa Isabel Island. The reason for only simulating three sites instead of all
six was the limited availability of soil data available for the three other sites. These
other three village sites have similar soil series as was noted in (Appendix 3), therefore,
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this study opted to use only the three main larger sites of the six as there is also similar
weather and crop management data. Therefore, that will likely have similar outputs to
the three other sites not simulated. Taro cultivars, Tausala Samoa and Lehua, were used
to simulate the impacts of climate variability on growth and yield. Chosen to be
simulated was taro because the genetic coefficients were already obtained from field
trials in Hawaii and was determined in DSSAT 4.5. Furthermore, taro was considered
an important crop in Solomon Islands before the taro leaf blight disease decreased its
production. Simulating the growth and yield of Lehua and Tausala Samoa varieties in
Santa Isabel also explored how these two varieties will perform if transferred and
grown elsewhere in the Solomon Islands. It is important to note that in Fiji and in the
PIC taro collection, the taro variety used in the study is referred to as Tausala ni Samoa
but since it is labeled in the model as Tausala Samoa, the model variety name will be
used in this thesis.
3.6.1 Data collection and treatment
All data collected as mentioned above were pre treated before exporting in DSSAT 4.5.
All weather data were entered in Excel format and were checked for missing data and
errors. The WEATHERMAN tool in DSSAT 4.5 treated, corrected and provided
important analysis for weather files. A weather file for Santa Isabel was created and
imported in DSSAT 4.5 using the WEATHERMAN. The soil data including physical
and chemical properties were recorded and entered in the SBUILD tool in DSSAT 4.5.
Three different soil files were created from three sites in Santa Isabel. These soil files
were saved and used during simulations in DSSAT 4.5. Crop Management data used
during simulation was collected from farmers. They were used and incorporated in
simulations using the XBUILD tool.
DSSAT-CSM has the advantage of calculating missing data not available in the
weather data collected. This makes the possibility of simulating process much easier for
the researcher. As in most cases with climatic variable data in developing countries and
especially Pacific Islands, missing data has become a challenging issue for modelers. In
this case, for all missing data on daily minimum and maximum temperature and daily
rainfall, DSSAT uses a default number -99 (Hoogenboom et al., 2010). DSSAT can
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also automatically generate daily solar radiation for weather stations without solar
radiation.

3.6.2 Data Simulations
3.6.2.1 Running a crop simulation model
All the details of simulations were created using XBUILD tool of DSAT 4.5. These
details are summarized below. Figure 3.2 showed the three levels of simulatons and
factors this yield affect. Level I is the potential crop yield; Level II is the attainable
crop yield and Level III is the actual crop yield. To achieve crop yield according to the
three different levels, there are three sets of factors which were also directly considered.
These are; defining factors, limiting factors and reducing factors. Incorporating those
variables into the model gives the expected crop yield. Below are the steps involved in
yield and production simulations.

Figure 3.2: Schematic diagram of processes involved in different levels of crop yield
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3.6.2.2 Potential Production
In simulating potential production, XBuild tool is used to construct and modify the
FILEX, or experimental file. XBuild has environment, management, treatments and
simulation options. During potential simulations weather and soil is incorporated into
the fields under Environment, and management data is incorporated under
management, following the instruction for using MDS. The simplest X-file describes
potential production, limited only by the genetic coefficient of the crop. Potential
production FILEX is a non water-limited and non nitrogen-limited production,
therefore both these are turned to “OFF” in simulation options.
For all three sites the weather parameters of the year 2008 was used. Both varieties
Tausala Samoa and Lehua were planted in March 4th, 2008. Simulations started in
March 3rd. There were 4.2 plants per meter square with row spacing of 60cm. All
simulations were rain fed with no fertilizer applied.
3.6.2.3 Attainable Production
All planting and management options were the same as in Potential Production.
However, water and nitrogen were switched on in Simulation Options.
3.6.2.4 Sensitivity Analysis
The growth and yield of two cultivars were compared in three sites using the
SENSITIVITY tool in DSSAT 4.5. All other details for the Simulations were the same
as in Attainable Yield above.

3.6.2.5 Future Climate Projections
The Pacific Climate Change Science Project (PCCSP) climate change future scenarios
for Solomon Islands were used to simulate the impacts of future climate change on taro
growth in Santa Isabel. Carbon dioxide levels and temperatures for the years 2030,
2055 and 2099 were entered using the Environmental Modification and FILEX was
created.
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All results including the Overview, Summary Files and PlantGro graphs were analyzed
and are presented in the results.
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CHAPTER 4
RESULTS
4.1 Introduction
This chapter presents the results in two parts. The first part is a descriptive analysis
from the farmer and community perception of the four root crops grown; impacts of
climate change and management options, based on household and key informant
interviews and field based observations. The second part is the crop simulation analysis
incorporating qualitative and quantitative field based data into DSSAT modeling to
simulate crop growth and yield production, using potential, attainable and sensitivity
analysis and the climate change scenarios from PCCSP on taro cultivars, Tausala
Samoa and Lehua.

4.2 Descriptive Ecological Analysis.
4.2.1 Crop Cultivation
4.2.1.1 Site Selection
Site selection is a vital first step in the decision-making process by farmers on Isabel
Island before land clearing for gardening. Site selection for gardening depends on land
availability; land accessibility; and the suitability of the soils for crops that can be
grown (Kiko and Desmond. pers. interview. 2011). Of the six study sites, farmers from
four sites; namely Hovikoilo, Guguha, Biluro and Hirolegu, preferred to make gardens
on flat land areas and areas near riverbanks. This is to ensure that garden lands are
closer to water sources and on good fertile land. Farmers from the four study sites
indicated that the alluvial soils close to the riverbanks are high in soil water contents
and are very rich in organic matter (OM). In the other two study sites of Tatamba and
Ligara, nearly all food gardens are located on steep land areas since there was no flat
land and riverine areas close by except for small streams and ground water effluents.
As shown in Table 4.1, 40% of the farmers interviewed, they prefer making food
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gardens on flat land areas whilst 30% and 20% of the farmer respondents respectively,
preferred making food gardens near the river bank and on slopes.

Table 4.1: Farmer’s preferences on the areas to making gardens

Locations

Percentage of farmer response (%)

Flat land area

40

Near the river bank

30

Slope

20

Hill side

10
100

4.2.1.2 Land Preparation
Land preparation for gardening is the second most important step after site selection.
The farmers from all six sites indicated that usually primary forests or fallow
(secondary forest) areas are cleared for gardens. Majority of farmers make their food
gardens on secondary forests areas. It usually takes more than five days using family
labor to prepare primary forested areas and less than five days to clear fallow areas.
Some farmers burn vegetation debris, whilst others prefer to leave the debris to rot. The
choice to burn or not to burn depends on the type of crop to be planted and the nature of
vegetation debris. In three study sites including Biluro, Hirolegu and Hovikoilo where
gardening is on fallow areas, cleared vegetation is not burned but instead were often
piled into heaps and left to rot and mulched before the taro are planted. In the past,
particularly in the highland areas of Santa Isabel, taro was cultivated on large piece of
lands where temperatures are low with less pests and diseases and with adequate soil
moisture content and fertility (Suku. pers. interview. 2011). This has changed over time
after the highland populations were relocated to the coastal areas and taro cultivation
was replaced by sweet potato.
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4.2.1.3 Cultivar Selection
In the six study sites, wide varieties of cassava, sweet potato, taro and yam are
cultivated. The varieties selected were based on criteria such as taste, higher yield,
quality, and early maturity. Table 4.2 shows the only common cultivars that are
cultivated and consumed in all of the six study sites. However, there were more
cultivars of the four main crops than were listed in the table. The cultivars were named
by farmers according to certain criteria as also indicated by Kabu and Jansen (2003) in
taro naming. These criteria’s includes morphological characteristics, place of origin,
number of months of a particular cultivar to reach maturity, and name of person
discovered or introduced a particular cultivar (Kabu & Jansen 2003).

Table 4.2: Root crop varieties found in all six sites

No. of Varieties Sweet Potato
Var.1

Kurama nablo
nhigra

Cassava
bia thilo

Taro

Yam

Mhau tuani

Nufi raoni

nhigra

Var.2

Kurama paka

bia kari

Mhau khou

Nufi geghesu

Var.3

Thilo nhigra

bia vega

Harohaka

Nufi malaita

Var.4

Kumara sivu

Kakake

Phana

Var.5

Noro

Mhau pade

Var.6

Sada cruz

Var.7

Jesi

4.2.1.4 Planting
The main root crops grown in gardens are sweet potato, cassava, yam and taro and
intercropped with other crops such as other edible aroids, corn, watermelons, beans,
shallots, groundnuts, slippery cabbage, tomatoes, tobacco, bananas, pineapple,
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sugarcane, and pawpaw. The comparative importance of these crops varies
considerably between sites, but generally they are adding variety to the community’s
diet preferences. Corn is commonly intercropped with sweet potato, and cassava and
pineapple grown as border or hedge plants. Each family often cultivates or own more
than one food garden with many crop varieties and are harvested all year around. Plot
size for sweet potato and cassava are usually between 15 m x 4 m and 20 m x 6 m
respectively. Hence, taro and yam, the garden plots are respectively between 6 m x 3 m
and 4 m x 2 m. In traditional taro planting, space is often marked through the distance
between each foot step which is approximately 0.6 m apart x 0.6 m (Appendix 2). The
planting holes are usually made with selected digging sticks (Suku and Probert. pers,
interview. 2011). Spacing for sweet potato, cassava and yam are around 0.3 m but can
vary depending on the nature of land surface. They are planted on mounds and are
made using a digging hoe. Table 4.3 shows the type of materials used for planting and
the time of the year for planting.

Table 4.3 Parts of crops that are used as planting materials and the planting seasons/dates.

Crop

Planting Materials

Seasons of planting

Sweet potato

Vines/tubers

Any time of the year

Cassava

Stalks/cuttings

Any time of the year

Taro

Suckers/corms

Any time of the year

Yam

Tubers

August

Three out of the four crops do not have seasons for planting. They are planted all year
around. The exception is yam; usually planted in August. The reason for planting yam
(D. alata and D.esculenta) during this time of the year is that it is considered the dry
month of the year and would give high yields (Suku, Kiko, Thomas, Dora and Sabella.
pers, interview. 2011).
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4.2.1.5 Yield and Production
The farmers shared that sweet potato, cassava, taro and yam growth and yield are
affected by variation in rainfall and temperature and extreme weather patterns
associated with El Niño events. Factors such as declining soil fertility, soil erosion and
intensive cultivation are also affecting crop yields. All farmers from all of the six study
sites indicated that the quality and quantity of the crop yields have declined compared
to those obtained between 1970 to 1980 and include the early 1990s. Pests and diseases
occurrences also affected the growth and yields of the root crops. Table 4.4 shows the
typical farmers’ responses on the observation of the sizes of root crops in the six study
sites over a 31year period from 1980 - 2011.
Table 4.4: The percentage of farmer response on the observation of the root crops size from
1980 – 2011. [size range: a = <2 cm, b = 3-5 cm, c = 8-10 cm, d = >15 cm, e = no change]

Root and Tuber Crops

Percentage (%) of farmers response
a

b

c

d

e

Very

Small

Medium

Large

No change

5.0

20.0

small
25.0

41.7

8.3

Cassava

13.3

16.7

36.7

0.0

33.3

Taro

25.0

41.7

5.0

0.0

28.3

Yam

0.0

83.3

0.0

0.0

16.7

Sweet potato

4.2.1.6 Harvesting and Post-harvesting
Most crops are freshly harvested and are mainly for household consumption. Sweet
potato on average can produce up to 3 to10 tubers per mound depending on the quality
of the soil and cultivar, while cassavas on average usually produce more than five
roots. Taro (Colocasia esculenta) usually produces one corm while yams on average
can produce more than five tubers per planting point. Only surpluses are sold to the
markets to supplement little family income. Sale of crops at the domestic market have
substantially contributed to the market supplies and demand at the suburban areas such
as Kaevanga and Tatamba and urban town such as in Buala on Isabel Island and even
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in Honiara. Most farmers harvest sweet potatos from their gardens on a weekly basis
compared to cassava which is only harvested when they feel like eating it, or on festive
occasions. Both sweet potato and cassava harvests depend on the family size which is
usually 20 kg bag for an average family of six. Yam and taro are harvested on a
longterm basis, compared to sweet potato and cassava. Sweet potato, cassava and yam
have a long underground storage time thus farmers can harvest over a period of one to
one and half months, while taro has a moderate storage time of less than a month. The
post harvest storage is a problem especially for sweet potato, taro and cassava since
they only store for a week and start to lose their entire quality. Yams can be stored for a
month or more.
4.2.2 Indigenous Knowledge and Perception on Climate Variables
Like other places in Solomon Islands and the Pacific region, the people of Santa Isabel
still keep their traditional ecological knowledge (TEK) to sustain their livelihood and
this knowledge has been in practice over many generations. An example is how they
use TEK to understand the weather and climate around them. Today, TEK knowledge
about ecological prediction is now not accurate because of changing climatic
parameters.
4.2.2.1 Dry Months

Figure 4.1: Farmers response to dry months of the year
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Figure 4.1 shows the farmers long term observation and daily experiences on the dry
months or nhigra nhaprai as it is known in Santa Isabel. Most (about 32 from 60
interviewed) farmers responded that dry months with the maximum of sunshine hours
occurred between September to December of each year. According to PCCSP (2011),
the dry season for Solomon Islands is from May to October. The farmers’ response here
could arguably be in line with the dry season that is experienced throughout Solomon
Islands from May to October annually. Some farmers indicated that the dry season has
slightly changed with some heavy offset rainfall during the dry months of the year.
Approximately, 32% of responses indicated that there were no changes in dry season,
meaning their response fall within the agreed dry seasons experienced annually in
Solomon Islands.
4.2.2.2 Wet Months

Figure 4.2: Farmers response to wet months

Figure 4.2 shows the wet months or nhigra nahani/nakete as known in Santa Isabel
according to farmers’ observation. According to PCCSP (2011), wet season throughout
Solomon Islands is from November to April. Through farmers perceptions and
opinions, 36% have indicated that January to April are usually the wet months of the
year, where there is excessive rainfall and very high soil moisture content with
minimum sunshine hours occurring throughout the day. A good number of farmer
respondents (33%) had also stated that May to August are times during the year which
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they also experience rains. This is arguably in line with the PCCSP records for
Solomon Islands climate. However, it could be argued here, that there are already
changes to the normal rainfall seasons of the year (November to April), which could
also be associated to the substantial variability in annual rainfall (PCCSP, 2011).

4.2.2.3 Wind
In Santa Isabel, elders have a distinct knowledge about the nature of winds ( nhuri) and
their directions and times of the year they occur. The southeast trade winds that blew
from the south to southeast direction is known as “koburu” . During the “koburu”
season , they would expect strong prevailing winds and rough seas, more obviously on
the windward side of the mainland island of Santa Isabel. Hence, the monsoonal season
is known as “ara”. Nowadays, farmers observed changes to these seasons as revealed
by some farmers or elders. Thomas of Hirolegu village said;
“Nowadays, its hard to predict whether the season is a koburu, ara or cyclone. The
weather patterns have changed and our ability (traditional environmental knowledge)
to give a right prediction seems inaccurate, but before we can know and predict exactly
when its time for koburu, ara or its time for cyclone”.

4.2.3 Climate Change Impact Perception
4.2.3.1 Direct Impacts of climate change and extreme events
4.2.3.1.1 Flooding
Farmers from four study sites (Hovikoilo, Guguha, Biluro and Hirolegu) stated that
flooding directly damaged food gardens during the wet months, or during cyclone
seasons which is from November to April (PCCSP, 2011). Most food gardens on the
low-lying flat areas and close to the riverbanks are the most vulnerable to flooding. The
floods directly damages food gardens and affect the livelihood of the people in the
study sites. Thus other communities around Santa Isabel outside the study area also
experienced the same impacts of flooding, since their food gardens are also in similar
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locations. In such cases, families had to resort to gardens that were planted on slope
lands and hillsides or share food amongst other families.

Table 4.5: Impacts and duration of flood

Year of Flooding

Impacts by respondents

Duration of flood

1972 (associated with
cyclone Ida)

All food gardens and food crops
were swept away, damages to
houses

1 week

2009 (associated with
low depression)

Damage to root crops, shortages of
food

3 – 4 days

When damages from floods are severe, help would be sought from the National
Disaster Committee (NDC) which conducts assessments after flooding and provide
food for affected communities as quoted by Suku;
“Before the frequencies of floods are more but the intensity is weak except when there
is cyclone. Now the frequencies of flooding are less, but the intensity becomes stronger
than before if prolonged heavy rain occurs. Thus causes huge damage to gardens that
are near to the river bank or on flat land area”
4.2.3.1.2 Cyclone
Santa Isabel is located outside the cyclone path since it is in a semi-centre of three large
islands, Malaita, Guadalcanal and Western Solomon. Therefore the impacts of several
cyclones that hit Solomon Islands have been minimal causing only minor damages.
Farmers that experienced major damages to food gardens, crops, houses and even loss
of lives were the result of cyclone Ida in 1972 and cyclone Namu in 1986 (Table 4.5).
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Table 4.6: Impacts of cyclones hitting Solomon Islands

Year

Name of
cyclone

Impacts

Duration

1972

Ida

Heavy rain, flooding and
damaging winds, loss of
food gardens and food
crops, damage houses,
loss of human lives

30 May – 03 June

1986

Namu

Heavy rain, flooding and
damaging winds, loss of
food gardens, damage
houses and loss of human
lives

15 – 22 May

2002 – 2003

Zoe

Heavy rain, flooding and
strong winds, food
gardens and food crops
affected

25 Dec – 10 Jan

4.2.3.1.3 El Niño
The El Nino phenomena usually occur after 4 – 7 years. In Solomon Islands El Niño
years are often associated with low rainfall patterns but there were no kept records of
El- Niño years (Ahikau. pers. Interview. 2011). Farmer’s observation from the six
study sites reported that they had experienced the drought events and these have been
associated with El Niño events in 1997 and 1998. The impacts ranged from water
shortages to the wilting of crops and decline in crop yield and production. This is
mainly because crop growth is dependent on rain, and is affected because the soil is too
dry and the soil moisture content is limited.

4.2.3.2 Indirect Impacts of climate related changes
4.2.3.2.1 Soil Erosion
Farmers making gardens on steep land or slopes recognize soil erosion as a major
problem. They experienced low crop yield as well as slow crop growth in food gardens
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located on slopes where the top soil (nutrient rich) has been eroded. There are three
causes of soil erosion: wind, water and tillage. The farmers mostly experienced water
erosion from surface runoffs on slopes and hills occuring during heavy rainfall and
sudden flooding. The severity of soil erosion increases with the increase in slopes.
4.2.3.2.2 Soil Fertility
Farmers are also experiencing problem with soil fertility. They argued that loosing
nutrients has affected crop growth and yield. All the farmers in all six study sites
reported that soil fertility is affected by continuous cropping on the same garden site,
thus resulting in crop yield decline with successive cropping. The problem of soil
fertility is experienced by many farmers on Isabel and throughout the Solomon Islands
(Allen & Bourke, 2009). Soil erosion and flooding washes away topsoil, the portion of
the soil profile containing the nutrients required for crop growth.
4.2.3.2.3 Land Use Practice
Increasing population on Isabel Island is exerting pressure on land through intensive
land cultivation. To cultivate a new piece of land especially for those who do not have
customary land rights, restriction is enforced thus, they will continue to cultivate crops
on the same piece of land resulting repeatedly in the decline in soil fertility and
degraded land. But upon request to land owners, a piece of land can be granted.
Food garden near the rivers are also vulnerable to flooding. The table 4.6 below shows
the amount of time that farmers repeatedly cultivated the same piece of land. Most
repeated cultivation practices go on for a decade or more.
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Table 4.7: Farmers response to agricultural land use practice in the six study areas

Sites

Farmers response in percentage (%) to duration of agricultural
land use practice
0-6 months

6-12 months

1-3 years

4-10 years

>11 years

Hovikoilo

-

-

20

40

40

Guguha

-

-

30

50

20

Tatamba

-

-

10

50

40

Ligara

-

-

20

50

30

Biluro

10

-

30

40

20

Hirolegu

-

-

10

50

40

4.2.4 Ecological Implication on Root Crops
4.2.4.1 Crop Yield
Farmers from all of the six study sites observed a general decline in sweet potato, taro
and yam yield and quality of tubers and corms over the last decade. Cassava is the only
root crop that is able to tolerate the harsh environmental conditions. Farmers suggested
that the observed decline in crop yield might have been due to loss of soil fertility and
changing rainfall pattern. Table 4.7 shows the yield of root crops on new and old sites.
It was observed that root crop yield from newly cultivated garden site is higher
compared to old cultivated sites. This is because new lands are healthy and are rich in
nutrients compared to old garden sites. Further, crop growth and yield have been
affected by extreme events and non-climatic factors, such as floods, cyclone, and pest
and diseases.
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Table 4.8: Comparison of tubers per mounds on an old piece of land vs. new piece of land

Root Crops

Number of tubers per mounds
New piece of land

Used piece of land

Sweet potato

>10

0–5

Cassava

>10

2–6

Taro

1–2

1

Yam

>3

1

4.2.4.2 Crop Growth, Pests and Diseases
Farmers in all six study sites observed damage to tubers, especially sweet potato during
prolonged period of rain and followed by high heat stress period. Often, potato tubers
will start to rot inside. Farmers also observed an increase incidence of pests and
diseases, such as white sweet potato fungus and sweet potato weevil attack; dieback,
brown leaf spot and leaf blotch on cassava; taro leaf blight, brown leaf spot, taro leaf
hopper on taro; dieback, leaf spot, tuber rot in yam.
In some sites, for example Hovikoilo, frog and rats also become pests, they eat sweet
potato and cassava tubers. Most people do not understand the cause but some assumed
it may have been caused by change of environmental conditions and food preferences
of these animals, while others blamed magic or sorcery.

4.2.4.3 Range Shift
In all six study sites, farmers tend to shift their gardens regularly due to flooding, water
logging, soil erosion and soil fertility problems. Farmers shift gardens to suitable sites
so crops will grow well and will not be affected by direct and indirect impacts of
climate change parameters. The two observable factors farmers consider for the shift of
cultivation ranges; are the quality and quantity of root crops. They observe and assess
these two factors and decide whether or not to shift their cultivation range. But again,
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the decision also depends on the availability of suitable land for cultivation, which is
also a hindrance to shifting cultivation (Section 4.2.3.2.3).
4.2.5 Crop Management
4.2.5.1 Crop Rotation
In the six sites studied, about 21% (Figure 4.3) of the farmers interviewed practiced
crop rotation in their gardens as means to control decline in soil fertility. Crop rotation
is the use of the same piece of land for gardening, but continuously switching from one
crop to another to avoid losing or using up the soil nutrients (nitrogen, phosphorus and
potassium). Crop rotation also enhances crop yield and soil fertility.

4.2.5.2 Use of fertilizer
In the six sites visited, farmers do not use fertilizer but only use traditional management
practices to improve soil fertility for crop production. Figure 4.3 shows the various soil
management practices.

Figure 4.3: Percentage (%) of all farmers in all six sites involved in soil management practices

Figure 4.3 shows that 40% of use fallow is a parctice to regain soil fertility. Fallow is
when used garden land is abandoned for about 3 months to more than 20 years before it
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is cultivated again. Farmers used fallowing to retain the soil fertility lost during active
cropping. Another important management practice is crop rotation which is practiced
by 21% of farmers. It includes growing of different crops over time on the same piece
of land. This maintains the soil nutrient level. About 15% of the farmers do not practice
any soil management practices.

4.2.5.3 Use of Irrigated Water Systems
Santa Isabel like other Pacific Islands do not use irrigation but are dependent mainly on
rainfed agriculture. Therefore, El Niño events or prolonged dry weather often affected
crop growth and development.

4.2.5.4 Use of Pesticides
None of the farmers from the six study sites use pesticides to control pests and diseases.
As agreed by Liloquila et al (1980) these methods are new and not appropriate to the
farmer who has very little knowledge of pesticides and who is not able to afford them.
It is very unlikely that the farmer will use these expensive pesticides as the root crop
grown is mostly for thier own use. They either intercrop or manually remove the
affected crops as control measures.

4.3 DSSAT Simulation Analysis
The use of the DSSAT model was to determine whether selected taro cultivars that are
part of the model can grow well under Santa Isabel environmental conditions. The
climate, soil and crop management data were used. In this simulation cassava was not
considered, though it can be simulated, because it is a new comer to the Pacific, and
very resilient to drought conditions. The other two crops, sweet potato and yam are still
yet to be developed and incorporated into DSSAT model. Therefore the simulation was
only carried out for two taro cultivars ( Lehua, and Tausala Samoa) since it is a
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traditional crop and had once been a very popular crop in Santa Isabel and the rest of
Solomon Islands.
4.3.1 Crop Growth and Yield (Taro - C.esculenta)

Figure 4.4: Development Phases of two taro (C.esculenta) cultivars Tausala Samoa and Lehua
extracted from the simulation overview table in Appendix 2.

Table 4.9: The corm yields of two taro cultivars determined in three sites (extracted
from the simulation overview [Appendix 5])
Yield Projection

Site 1

Site 2

Site 3

TS

L

TS

L

TS

L

Potential

59271

69399

59271

69399

59271

69399

Attainable

40917

60384

43656

65169

19431

24507

Sensitivity/Current

40917

60384

43656

65169

19431

24507

Projection 2030

37164

60384

40479

65169

18303

23136

Projection 2055

35370

60384

36711

65169

17079

21078

Projection 2090

33771

60384

36270

65169

16524

20484
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Leaf Area Index (LAI) Site 1: Hovikoilo

Figure 4.5: Simulated potential and attainable LAI of Tausala Samoa and Lehua in Hovikoilo.

Figure 4.5 (I and II) shows the potential and attainable LAI graphs of Tausala Samoa
and Lehua varieties. For Tausala Samoa, the LAI = 2.88 was first noted on day 71 at
the establishment phase. It then reaches LAI maximum of 5.85 during the rapid
vegetation and then it declines on day 219 to 0.78 at the end of corm formation. It then
picks up to 0.79 at the maturity stage and was maintained through out to harvest time.
In the case of Lehua, LAI = 1.35 was first noted on day 50. It reaches its maximum
(5.86) on day 122 also on the rapid vegetation stage and then declines again at the end
of corm to 1.36 and then maintains 1.37 from maturity to harvest time. In attainable
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LAI, Tausala Samoa experienced a decline in its maximum LAI at 3.89, while
maximum LAI of Lehua is still maintained at 5.86.

Figure 4.6: Impacts of rainfall on extractable water, total water, cumulative runoff, total soil
nitrogen, total nitrate and the nitrogen leaching in Hovikoilo

Figure 4.6, shows the relationship between the extractable water, the total soil water
and the cumulative runoff during precipitation. On the interval days between day 61
and 71, there was a high precipitation which accounts for high accumulation of total
soil water, extractable water and cumulative runoff. The cumulative runoff continues
on a sharp increase until after day 241 on various occasions of rainfall. The maximum
runoff was more than 1000 millimeters. Figure 4.6 also shows the relationship of total
nitrate, nitrogen leached and total soil nitrogen affected during the period of
precipitation. The trend showing nitrogen leaching eventually increased after day 73
when there was a high precipitation occurrence and the gradual increase over time,
even though there were low precipitation falls over the development stages.
Interestingly, there was a strong correlation showing that around that same day after
simulation, the total soil nitrogen and total nitrate also decreased over time to day 244
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Figure 4.7: The potential and attainable (Nitrogen and Water on) tuber yield of Tausala Samoa
and Lehua in Hovikoilo.

Figure 4.7 show potential yield (first two top graphs) and attainable yield (second two
graphs). There is a strong relationship that potential simulation gives a very high yield
for both cultivars than the attainable simulation. For Tausala Samoa the potential yield
production was around 20,000 kg/ha and when simulating its attainable yield,
production was around 14,000 kg/ha. The same with the Lehua, the potential yield
production was around 24000 kg/ha and its attainable yield is around 20,000 kg/ha.
Overall, Lehua shows a higher yield than the Tausala Samoa. Likewise the maturity
days for Lehua are longer (more than 240 days) than that of Tausala Samoa, which is
less than 240 days to maturity.
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LAI (Site 2: Biluro)

Tausala samoa vs Lehua
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N Leached kg/ha (Lehua)

LAI Attainable - Tausala samoa

LAI Attainable-Lehua

Figure 4.8: Simulated potential and attainable LAI of Tausala Samoa and Lehua in Biluro.

In Biluro (site 2), the potential LAI is very similar to LAI potential in Hovikoilo (site
1). The LAI potential for both cultivars all picked up on the establishment stage.
However, the LAI potential for Tausala Samoa was 2.88 on the initial growth stage and
reached a maximum of 5.85 on day131 of the rapid vegetative stage and then dropped
to 0.78 at the end of the corm stage. For Lehua, its potential LAI on the initial growth
stage was 1.35, much smaller than that of Tausala Samoa. It also reached a maximum
on the establishment stage but on day 50, which is much earlier than the Tausala
Samoa. Hence the maximum LAI potential for Lehua was 5.86, which was achieved on
day 122, eight days earlier but still on the rapid vegetative stage. This LAI development
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for Lehua had decreased on day 233 on the end of corm stage. However, by comparing
the potential LAI to the attainable LAI for both cultivars, there is a rapid decline in the
maximum of both LAI. The Tausala Samoa only reaches LAI maximum of 1.91 and
Lehua 2.01. This decrease in LAI is also same for the establishment stages and the end
corm stages of both cultivars.
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Figure 4.9: Impacts of rainfall on extractable water, total water, cumulative runoff, total soil
nitrogen, total nitrate and the nitrogen leaching in Biluro.
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Figure 4.9 shows the relationship of precipitation with regards to extractable water,
total soil water, cumulative runoff, total soil nitrogen, total nitrate and the nitrogen
leaching in Biluro. It shows similar trends to what happened in Hovikoilo (site 1). High
precipitation between days 65 to 71 has a high cumulative runoff, high nitrogen
leaching and low soil nitrogen and nitrate.

Figure 4.10: The potential and attainable tuber yield of Tausala Samoa and Lehua in Biluro.

Figure 4.10 shows the potential and attainable yield of taro at Biluro (Litoghahira soil
series). For potential yield, Tausala Samoa and Lehua have almost the same yield as the
same species of taro planted in site 1 (Hovikoilo). However, there is a very big
difference in comparing the attainable yields. In the Biluro soil, Tausala Samoa only
yielded less than 7000 kg/ha, while Lehua only had less than 9000 kg/ha of tubers.
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LAI Site 3: Tatamba

Figure 4.11: Simulated potential and attainable LAI of Tausala Samoa and Lehua in Tatamba

In Tatamba (site 3), there is no so much difference in the potential LAI trend for both
cultivars. As shown in Figure 4.11, the maximum LAI potential for Tausala Samoa is
5.85 and Lehua 5.86. However, there is a very slight decline in the attainable LAI.
Tausala Samoa maximum LAI only drop from 5.85 to 4.04 while Lehua from 5.86 to
5.13.
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Figure 4.12: Impacts of rainfall on extractable water, total water, cumulative runoff, total soil
nitrogen, total nitrate and the nitrogen leaching in Tatamba
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Interestingly Figure 4.12 indicated that there has been a gradual cumulative runoff, but
it is low compared to two other sites (Hovikoilo and Biluro). These may have also
indicated as a result of no nitrogen leaching at all. However, there has been a low
decline in the total soil nitrogen and the total nitrate.

Figure 4.13: The potential and attainable tuber yield of Tausala Samoa and Lehua in Tatamba.

As Fig 4.13 shows, potential yield will always be high. There is no difference in the
yield production compared to Hovikoilo (site 1) and Biluro (site 2). Tausala Samoa has
around 20,000 kg/ha while Lehua has more than 20,000 kg/ha; however, when
attainable yield is achieved, the yield production shows a decline in its tuber
production. For Tausala Samoa it only produces around 15,000 kg/ha and Lehua
around 22,000 kg/ha.
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The overall simulation in three sites shows that soil erosion (surface runoffs and
nitrogen leaching from rainfall were the problem in all three sites, however simulation
results show that overall, lehua has performed well and produced high yield and less
susceptible to nitrogen leaching in contrast to Tausala ni Samoa.

4.3.2 Future Climate Change Projection Scenarios for taro Yield
4.3.2.1 Yield Production of Taro using PCCSP future climate projections
Figure 4.14 shows the corm yield production scenarios for 2030, 2055 and 2090 of taro
cultivars; Tausala Samoa and Lehua in three different study sites.
The yield projection scenarios for Tausala Samoa and Lehua in 2030, 2055 and 2090
using the PCCSP climate change scenarios are shown in Figure 4.14. For site 1
(Hovikoilo) output, the yield projection for Tausala Samoa in year 2030 will be around
12000 kg/ha, while the Lehua is projected to be about 18000 kg/ha. This yield will be
further reduced in 2055 with Tausala Samoa yield projection declining to about 11900
kg/ha, while Lehua to 16800 kg/ha. This has projected to further reduction in 2090 with
Tausala Samoa only gaining 11500 kg/ha, hence lehua 15800 kg/ha. In site 2 (Biluro),
the yield production is lower than site 1 and site 3. For Biluro, in 2030, the projected
Tausala Samoa yield will be 6000 kg/ha and Lehua will be 7300 kg/ha. In 2055 Tausala
Samoa yield will be reduced to 5700 kg/ha and Lehua expected to drop to about 6800
kg/ha. In 2090 there will only be a slight decline. Tausala Samoa is estimated to drop to
only 5500 kg/ha and Lehua to 6500 kg/ha. Likewise in Tatamba in 2030 Tausala
Samoa will drop from 14000 kg/ha to 12600 kg/ha in 2055 and 12280 kg/ha in 2090.
For Lehua it will decline from 21000 kg/ha in 2030 to 18400 kg/ha in 2055 and 17000
kg/ha in 2090.

78

Site 1: Hovikoilo

Site 2: Biluro

Site 3: Tatamba

Figure 4.14: Yield projection of Tausala Samoa and Lehua for 2030, 2055 and 2090 for
Hovikoilo; Biluro and Tatamba using PCSSP Climate Change Scenari
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CHAPTER 5
DISCUSSION
5.1 Descriptive Ecological Analysis
5.1.1 Crop Cultivation Patterns
A total of thirty food gardens or plots were assessed and observed in all six study sites
and they all have similar and consistent cultivation patterns throughout. From farmer
interviews of site visits and observation of the thirty plots, all farmers indicated general
crop cultivation for sweet potato, cassava, taro and yam, began with selecting a piece of
land, followed by ground preparation, cultivar selection, planting, crop management
and harvesting. This cropping pattern in Santa Isabel in the Solomon Islands is very
similar to sweet potato cultivation in Papua New Guinea (PNG) (Hughes et al, 2009).
Only cultivar selection is different amongst famers since it is based on individual
farmers preference in terms of taste, early maturity, high yielding and resistence to
pests and dieseases. In all six sites, 80% of the gardens plots are multi-cropped but the
predominant crops are ranging from sweet potato, cassava, taro and yam. In
comparision to Papua New Gunea Higlands, sweet potato is also commonly
intercropped with other food crops, and remains a dominant species in agricultural
production. Usually between 60% and 90% of the land is cropped with sweet potato
(Bourke & Ramakrishna, 2009).
During the interviews, 100% of the farmers indicated having accesss to many root crop
varieties. Some are short seasoned, some are medium and some are long seasoned.
Most famers choose to plant different crop varieties with different seasons to ensure
enough food year around. However, even there are wide variety of cultivar of a
particular crop, there is not so much difference between cultivars grown by different
farmers in different sites. This was because cultivar transfer is not restricted on local
level. So if another farmer knew another farmer has a new cultivar with a high yield or
matures early, then most farmers will want to plant it. Farmers try to overcome hunger
and shortages in crop production systems.
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5.1.2 Traditional Ecological Knowledge (TEK) and Perception on Climate
Variability and Extreme Events.
In the Rio declaration Knowledge base TEK, has been aquired by indigenous and local
peoples over many hundreds of years through direct contact with the environment. It
includes intimate and detailed knowledge of plants, animal and natural phenomena, the
development and use of appropriate technologies for hunting, fishing, trapping,
agriculture, and forestry, an a holistic knowledge and “world view” which parallel the
scientific discipline of ecology (Inglis, 1993).
In this research conducted, most farmers, including others in the community sites
shown little knowledge and understanding on the concept of climate change, climate
variability and extreme events. However, they are empowered with great traditional
ecological knowledge regarding their surrounding environment. In 60 household
interviews conducted on the field on the knowledge and perception of farmers on on
climate variability and extreme events over a twenty year period, these farmers have
already experienced changes in temperature, rainfall, irregular rainfall patterns, uneven
distribution of rainfall patterns, heavy down pour of rainfall, late onset of monsoons
and change in SE trade winds, flooding, drought and cyclone. However, none of them
knew it related to climate change. In similar studies in Ghana, Gyampoh et al. (2009),
also noted the indigenous people in this particular area of study have not known the
concept of global warming and climate change, but are aware that they have observed
and felt the effects of decreasing rainfall, increasing air temperature, increasing
sunshine intensity, and seasonal changes in rainfall. The perceptions of farmers that
they do not know what global warming and climate change , could have been true for
one reason, there may be lack of awareness on global warming and climate change.
They are already however, experiencing it on local scale and have also adapted to it.
An indepth interview with older people (ages 50 - 60) and knowledgeable middle-aged
men and women (ages 30 - 49) indicated there is change. People are acustomed to
climate events as a traditional way of predicting seasons for hunting, fishing and
predicting movement of SE tradewinds and monsoon seasons. Over the past one to two
decades, farmers have observed and experienced changes in naprai, nhute and nahani.
This has caused uncertainty predicting seasons by local people with TEK. Currently
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they are experiencing more intense rainfall which cause flooding, soil erosion and soil
fertility problems and associated incidence of pest and disease occurrence and
distribution with increase in temperature.
5.1.3 Ecological Implication of Climate Change on Root Crop Production.
There is a strong perception made by local farmers that climate variability and change
and extreme events and other non-climatic factors may have been the cause of decline
in root crop yield in their gardens over the last 30 to 20 year period. These perceptions
underscores the IPCC (2007b) projections that climate variability and extreme events
will affect agriculture in the developing countries.
Firstly, in the six studied sites, farmers have indicated the increase in the temperature
has enhanced the development of invasive species (pests, diseases and plants).
Secondly, during the global El-Niño years in 1997/1998 respectively, there were
droughts in most parts of the world including most islands in the Solomon Islands and
this was evident in Santa Isabel Island,as perceived by the local farmers. The root crop
growth and production have been affected, as the soil is too dry to provide enough soil
water to the crops, hence some invasive species were able to thrive. Thirdly, during
rainfall seasons from November to April, PCCSP (2011), and during unusual heavy
rainfall, soil erosion, water logging and nutrient leaching become aggravated on gardens

located on sloping and steep areas. On flat land areas it usually happens during prolong
heavy rainfall. Soil erosion, water logging and nutrient leaching affects the
phenological development and yield of root crops. For root crop gardens located near
the river bank, intense rainfall caused flooding and directly destroyed these gardens.
Fourthly, intensive cultivation on the same gardening area, with the decrease in rainfall
trend and increase in temperature may have caused the loss of fertility and decline in
the quantity and quality of root crop production. Findings of this research agree with
Allen and Bourke (2009), that crops which are continuously planted on the same area
will produced very little biomass and yield will decline with every planting.
5.1.4 Crop Management
Farmers in the studied sites like other place in the Melanesian Region grow and
managed their crops with limited technological inputs. All famers in the studied sites
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only use traditional crop management practices such as fallow (shifting cultivation) and
multi-cropping. None of the farmers ever use fertilizer, neither pesticides nor irrigated
water usages because of the high cost of access and use of these technological
resources. The failure of innovation to achieve these was stated in Harris et al, (1991)
and Van Duivenbooden et al, (2000), that upgrading crop management practices to
modern technological resources requires technologies be adapted to local biophysical
and sociocultural conditions and that institutional and behavioural transformation
accompany technological changes.
In the six studied sites, all farmers revealed all root crops are rainfed. This is shows
that rainfed agriculture is still the norm in this island as in most other countries
dependant on rainfed agriculture for their grain food. For instance, 93% of farm land in
Sub-Saharan Africa, 87% in Latin America, 67% in Near East and North Africa and
65% in East Asia (FAO, 2002). Overall, FAOSTAT (2005), stated that around 80% of
the world’s agricultural area practiced rainfed agriculture.
In the total of six sites studied, farmers revealed soil moisture is maintained through
very little use of mulching or composting using vegetative materials in the gardens by
farmers. The crops are often planted during wet seasons or when there is adequate
moisture. Pest and diseases are controlled by manual removal through hand picking of
the infected crops and weeding to keep the garden clean.
5.1.5 Soil Management
Growing food, and food security depends on looking after the soil. It was reveled in
many parts of Melanesia, fertile soils are becoming degraded (Live & Learn
Environmental Education, 2011). It was revealed by farmers that the most common
way of restoring soil fertility in their gardens is to pracise fallowing. This was also
found by Clarke (1994) in other Pacific Island countries During the fallow period, the
land is not planted with crops but is left to rest or is planted with leguminous crops
assists in retriving soil fertilily (Allen & Bourke, 2009). There are two types of fallow
found in those six study sites in Santa Isabel; long fallows which last more than a year
and short fallows which is less than a year, usually from 6 – 11 months. This similar
patterns were also practiced by farmers in PNG (Allen & Bourke, 2009). Allen and
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Bourke, (2009) in their studies in PNG, states the importance of fallows as perceived
by the farmers in Santa Isabel provide fallow vegetation to retain fertility that can be
incorporated into the soil at the next planting. The farmers also revealed that if reduced
fallow periods are extended by cultivation periods to the point at which soil fertility is
not restored by the fallow, food production will begin to decline and other symptoms of
land degradation will appear, which was also indicated in Allen and Bourke, (2009). In
garden areas located on terraced hillsides, soil erosion is a major problem and it was
noted by Santa Isabel farmers, that they build terraces, which are also practiced in
Fijian farmers (Parry, 1994) to reduce soil loss and rates of surface flows. The
intellectual and social process people go through when they become aware of declining
crop yields and environmental degradation are not well understood, however it is
assumed these trigger a response in the form of changes in the agricultural system to
restore crop yields and food production to acceptable levels (Allen & Bourke, 2009).
5.2 DSSAT Analysis on Taro Simulations
5.2.1 Growth Phases of Taro: Model vs Farmer Experience
Growth, maturation and harvest period of Colocasia taro depends upon cultivar
(Manner & Taylor, 2011). In this research, cultivars Tausala Samoa and Lehua have
been simulated with an outcome of six development phases; root formation, 1 st leaf
emergence, establishment, rapid vegetative growth, end corm, and maturity and
harvesting (Appendix 5). According to Singh et al (1998), the SUBSTOR-Aroids
model simulates seven growth stages with exception of fallow period, which is
management dependent. All the other are driven by environment and genotype. In
comparing the differences in the growth phases of both cultivars Tausala Samoa and
Lehua in all three sites, root formation in site one and site three took 1 day after
planting (DAP) for both cultivar, while in site two it took 10 DAP. In the establishment
stage, sites one and three all recorded 71 DAP for TS and 50 for L. In site two it took
80 DAP for TS and 59 for L. Likewise in the rapid vegetation it took 131 DAP for TS
and 122 DAP for L in site one and three respectively. In site two, rapid vegetation took
140 DAP for TS and 131 for L. For the end corm stage, site one and three similarly
took 219 DAP for TS and 233 for L. In site two, TS took 228 DAP and L, 241 DAP.
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For maturity and harvest sites one and three took 226 DAP for TS and 242 for L. In site
two it took 235 DAP for TS and 251 for L.
According to the farmers’ perception and experience, there are only three stages in taro;
establishment stage, vegetative stage and the maturity stage. These stages were
indicated by the physiological appearance of taro growth. The establishment stage is
perceived by farmers as the first two sprouting leaves usually seen after 1 week. The
vegetative stage is when the taro leaves will start to form five to six clusters of leaves,
very greenish and healthy. Usually this occurs 3 months after planting and the first
weeding. The maturity stage is indicated indicated by the reduced size of the stem, the
leaves and the yellowing and falling off, of the taro leaves. This is usually on the 8-9
month after planting for most taro varieties. This experiences and perceptions would
from farmers is almost similar, except using model gives specific days of each growth
stages.
It is clearly shown in (Appendix 5) that both cultivars; Tausala Samoa and Lehua
simulated in sites one and three shows early root formation and leaf emergence
compared to site two. However, there are differences in the number of days in other
level of growth stages. Such as the establishment phase, rapid vegetation, end corm,
and maturity stage. Another important trend noted in all three sites; both cultivars
simulated in sites one and three have rapid growth development compared to site two,
where the growth development of these two taro cultivar is slow. Though temperature
determined the rate of plant development throughout their life cycle, (Craufurd &
Wheeler, 2009), the similarities and differences here are assumed to be the effect of soil
fertility and nitrogen leaching of a particular site which is further discussed below.
Weather would not strictly have any impact on the three studied sites because they
were incorporated with the same weather data, likewise for crop management data.
5.2.2 Growth of Taro affected by Soil Site
Despite the use of similar total solar radition, temperature and rainfall data for the
simulations of the three sites, there was a difference in the potential or attainable dry
weight of corm yields in each site. The result showed taro grown in different soil sites
(Appendix 3 ), have an impact on the growth and yield production outcome of taro.
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Perhaps the most notable reason for the differences in growth and yield production of
these two taro cultivars in the three sites is due to the status of a specific soil property.
Each studies sites have different soil properties as shown in Appendix 3. Therefore, a
particular soil in a particular site may be vulnerable to different kinds of ecological
factors such as; soil erosion, nutrient depletion, landslide, flooding, pests and diseases
and perhaps the slope of the land of a particular site (Appendix 3). In comparisons to
the farmers opinion and experience during indepth interview, they revealed taro usually
has a high yielding outputs on newly cleared forested gardens. The reason was that taro
is a high nutrient demand crop. They also indicated in highly weathered soils or soils
which are intensively used, the growth of taro is affected. From experience, farmers
revealed taro leaves will become prematurely yellow at its vegetative growth stage.
This indicated to the farmer that the soil is nutrient deficiency.
5.2.3 Leaf Area Index of Taro
Figures (4.5, 4.8 and 4.11) shows Tausala Samoa and Lehua are simulated under three
different soil series namely; Mbina, Zabana and Litoghaira, but same weather and crop
management data. In simulating the potential LAI of both cultivars, the defining factors
(radiation, temperature, crop characteristics and CO 2) had neither affected the
performance of LAI of both varieties. This is plainly represented in the smooth upward
concave structure of the LAI in the potential LAI graphs (Figures 4.5, 4.8, 4.11) of both
cultivars simulated in all three study sites. However, the attainable LAI shows when
water and nitrogen is switched on during simulation, it gives a distort output on the
graphs. Tausala Samoa and Lehua reached maximum LAI at the rapid vegetation stage
and then declined towards maturity stage. It is noted as nitrogen that was used up for
growth of leaves could have been used up more by the corm and cormels. Lehua has
high LAI than Tausala Samoa. However, Manner and Taylor (2011) noted, in general it
is usual LAI of 3 is considered to full cover and most effective in terms of light
interception and photosynthesis. However optimal LAI for Colocasia taro varies
depending on cultivar, plant density, and water management. In high rainfall irrigated
areas and furrow irrigated areas the LAI is expected to reach 4.6 to 6 (Wilson, 1984). In
Fiji, the maximum LAI of taro ranged from 2.0 to 3.0 after 4 to 5 months after planting
(MAP), but that entirely depends on the cultivar (Sivan, 1982; Wilson, 1984).

86

Physiologically taro leaves have a strong relationship with formation of corms and
biomass (Yin et al, (1999; Manner &Taylor, (2011) and interception of solar radiation
(Taiz and Zeiger, 2008: from the farmers experience, dry-land taro harvesting is
signaled by the decline in the LAI, the reduced height of plants and the general
yellowing of leaves.
5.2.4 Relationship between LAI, Rainfall, Leaching and Runoff
Figures 4.5, 4.6, 4.8, 4.9, 4.11, 4.12, showed there is a strong correlation between LAI,
rainfall, leaching and runoff. During rainfall, the water percolates into the ground. The
taro roots then absorb the water. Soils have a holding maximum capacity for water.
Therefore, if the rainfall amount exceeds the holding capacity, the total soil water and
extractable water will also increase. When the increase reaches the threshold level,
there will be likely cumulative runoffs. In the graphs in Figures 4.5, 4.6, 4.8, 4.9, 4.11,
4.12, cumulative runoff shows an increasing trend after a heavy rainfall between 10 to
40 days, even if there is minimum rainfall thereafter. This indicated that the soil has
reached its maximum threshold level, so even if there is little rainfall, the cumulative
runoff will continue to increase, thus causing nitrogen leaching. Nitrogen is usually
present in the form of nitrate (NO3) and ammonium (NH4+) ions (Layzell, 1990).
However, only small proportion of N present in soils able to be taken up by plants
(Godwin & Singh, 1998). In the graphs in Figure 4.5, 4.6, 4.8, 4.9, 4.11, 4.12, nitrogen
is picked up after heavy rain on day 73 and again on day 145. The decrease in NO 3 and
NH4+ from an increase in nitrogen leaching as a result of cumulative runoff has
triggered stresses on the growth of taro cultivar Tausala Samoa in Hovikoilo (site 1)
and Tatamba (site 3) as indicated by the stresses in LAI (Figure 4.5, 4.6, 4.8, 4.9, 4.11,
4.12). Losing nitrogen is a serious problem for taro growers in Santa Isabel Island,
because taro depends mostly on nitrogen uptake from the soil, and most farmers there
do not have money to purchase very expensive nitrogen fertilizers. In Biluro (site 2)
even though LAI of Tausala Samoa is affected, it managed to improve. It is more
resilient to nitrogen leaching in this particular soil site. Only Lehua shows no signs of
stresses to nitrogen leaching through its growth development phases in all three sites.
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5.2.5 Future Projection
The future projections in Figure 4.14 and Table shows that taro will still be able to
grow in Santa Isabel in 2030, 2055, 2090. However, tuber yield production will
decrease in quantity and quality. In comparing both cultivars, Lehua will be able to
produce better yields than Tausala Samoa.
5.2.6 .Yield of Taro affected by Nitrogen and Water Stress
Taro is harvested primarily for its corm, which is a starchy underground stem
(Plucknett, 1971). Figure 4.7, 4.10 and 4.13 shows the potential and the attainable tuber
production of Tausala Samoa and Lehua in Hovikoilo, Tatamba and Biluro
respectively. In Table (4.9) indicated that Tausala Samoa, in all three sites have the
same potential production even though all three sites have fall in three different soil
series. The production values were 59, 271 kg/ha for Tausala ni Samoa and 69, 399
kg/ha for Lehua. This is because the factors were all defined for all three sites, meaning
none of the factors such as radiation, temperature, crop characteristics and carbon
dioxide have affected the potential tuber production. However, potential tuber
production values have indicated that Lehua variety has the high tuber production over
Tausala Samoa in all three sites despite similar rainfall and temperature data. In
contrast, there is variation in the attainable tuber production in all three sites. It shows
that Tatamba has the highest attainable tuber production while Biluro has the lowest
value of tuber production. This could be assumed that Biluro has a young and are
highly weathered soil. Therefore, it is susceptible to high cumulative runoffs and high
nitrogen leaching which leads to low total soil nitrogen and total nitrate. Similar
findings were also reported by Sanchez and Logan (1992), which in high weathered
soils, nitrogen deficiency remain one of the constraining yield factors.

Through farmers interviews and key informant interviews, 80% of them indicated
through their observations and experiences, the general yield production for taro have
declined over the past 31 years as a result of climatic factors such as, flooding, El-Niño,
cyclone and non-climatic factors like soil erosion, nutrient leaching and land use
intensity and other associated biotic factors such as pests and diseases. In comparison,
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the model also indicated the yield production of both taro taro cultivar will declined
over time coupled with climatic and non-climatic factors.
5.2.7 Anthesis and Maturity
Timing of flowering is a critical stage of development in the life cycle of most plants
including taro. It is when seed number is determined and is important for adaptation
both to the abiotic stresses of temperature and water deficit, and to biotic constraints
(Curtis, 1968) within the growing season. Dryland taro harvesting is signalled by the
decline in the LAI, the height of plants and the general yellowing of leaves. This
process is also indicated by the local farmers in the three sites under investigation. Crop
production is inherently sensitive to variability in climate. Craufurd and Wheeler
(2009) indicated that timing of anthesis and maturity of crops was emerging earlier at
warmer temperature, resulting in shortening the duration of growth and reducing grain
yield. This poses as a major challenge for crop improvement, especially on how to plan
for future climate change and variations.
5.3 Climate Adaptive Management Strategies
5.3.1 Farm based Adaptation
To enhance the production of the four staple root crops and their sustainable
management over the long term, the growth and yield production of those four crops
must be maintained at satisfactory levels. And that is soil erosion, nutrient leaching,
flooding, water looging, drought, and pests and diseases and must be kept at a
minimum, so that there is less impacts on the growth and yield of these crops. In
relation to the sites under investigation, there is very little input to curb these ecological
problems on farm level. The important factors to consider on farm level based
adaptation, is to educate farmers and make them aware there is a need for change in the
farm operation practices, such as the use of mulcing, a change in planting dates, the use
of water conservation techniques and not to depend much on rain fed water, encourage
farmers to crop more climatic tolerant cultivars and to encourage the farmers to plant
different seasoned crops, so it may sustain food security problems in bad times of the
year and a diversity in root cropping. Another important factor is also indicated by
Allen & Bourke (2009), that to replace soil nutrients lost during cultivation, physical
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charateristics need to be restored or improved, and pest and diseases must reduced to
acceptable levels.
Another important aspect of farm based adaptation is to use the DSSAT model for
informed decision making. The DSSAT can accurately simulate local results and
comprehensive analysis for different soil types, cultivars, planting dates, planting
densities, and irrigation and fertilizer strategies to determine those practices which are
promising and least risk at field level (Jones et al, 1998). In the Pacific, DSSAT can
now simulate taro and cassava but not sweet potato and yam as yet. This model is a
type, that reserachers can provide important information on crop, soil and adaptation
management options, by simulating the potential days of rainfall occurence, total soil
water, extractable water, surface runoffs and nitrogen leaching. Thus, this helps both
the researcher and farmers to identify the specific days after planting where nitrogen
leaching and surface runoffs occur and to provide soil management practices such as
composting or mulching to control nutrient leaching from heavy rainfall and/or soil
water evaporation from the sun. Knowledge of crop and soil management practices on
DSSAT is appropriate at a local level, and will be very helpful for farmers in Santa
Isabel in making appropriate decisions on crop and farming management against
climate variability and extreme events.
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CHAPTER 6.0
CONCLUSION AND RECOMMENDATION
6.1 Conclusion
This research was set out to explore the “Ecological Impacts of Climate Change on
Root Crop Production on High Islands: A case study which was conducted in Santa
Isabel, in the Solomon Islands.” The general theoretical literature on this subject and
specifically in the context of Santa Isabel is not available. However, based on the
national climate change reports and adaptation projects in Solomon Islands, and
regional reports and studies on the impacts of climate change on agriculture in the
Pacific region, there is a projected general negative impact as compared to some
countries in US and Europe where increase in CO2 enhances crop production. The
impacts of climate change will not be similar across the globe. It will vary from country
to country as a result of diverse geophysical attributes and of course various socioeconomic factors.
In this study, the results obtained through farmer perception had shown the root crop
production in Santa Isabel Island is being affected by direct and indirect climatic and
non-climatic factors such as; temperature, rainfall, irregular rainfall patterns, uneven
distribution of rainfall patterns, heavy down pour of rainfall, flooding, drought and
cyclone, and on farm level; soil erosion, nutrient leaching, pests and diseases, and land
use practices. All these factors have contributed to the reduced quantities and qualities
of sweet potato, cassava, taro and yam as staple root crop in this island.
Even the results obtained through LAI and yield simulation using SUBSTOR-Aroid in
the DSSAT model, had shown that growth and yield of taro cultivars Tausala Samoa
and Lehua is affected by increase temperature and rainfall or even reduced rainfall. The
positive outcome of model simulation is the ability to simulate the days high rainfall
would occur and the possibility of surface runoffs and nitrogen leaching.
However, results had indicated there is a strong correlation in merging the farmers
traditional ecological knowledge on the management of root crops with DSSAT crop
model in providing an efficient adaptation measures and management for root crops
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angainst the impacts of climate variability and extreme events. Farmers traditional
ecological knowledge may be limited in managing sustainable root crop production
with climate change, however, in intergrating DSSAT crop model for decision making,
farmers in Santa Isabel will be able to cope with sustainable management of root crops
during the phase of climate change.
In summary, this study had inducated there are negative impact of climate change on
the root crops in Santa Isabel Island. Which could mean in other high islands in the
Solomon Islands, there will be similar problems faced by farmers as those in Santa
Isabel island mainly by climate variability and extreme events on the extent of root
crop production and management. The only possibility to enhance adaptative
management strategies is by merging tradtional ecological knowledge with scientific
knowledge and that is to encourage farmers in Santa Isabel, Solomon Islands and the
Pacific to use agro-technological tools such as DSSAT to provide local farmers with
informed decision makings on crop production and adaptation management on farm
level.
6.2 Recommendation
There is a strong recommendation for future quantitative studies to be conducted again
on high islands on the aspects of root crop production and management based on field
experiments. This is vital for model calibration in DSSAT. Secondly, there is a need to
run modeling on all root crops to have a clearer picture on the extent of climate change
and climate vulnerability impacts on root crops. Thirdly, since, there is only cassava
and taro that can be simulated; it is recommendation that all the crops of the Pacific,
including the cash crops should be incorporated into the model to avoid using cultivars
from different countries. Fourthly, it is recommended
TEK should be merged with DSSAT to provide the best avenue for crop growth and
yield, and adaptation management. Fifthly, farmers are recommended to change their
farm operation practices and obtain better ways to maximize production and crop
adaptation management to climate change. In saying this, farmers who have gardens on
slopes, but do not do anything to prevent soil erosion or nutrient leaching, must
construct terraces to avoid soil erosion during heavy rainfall, while farmers on flat land
must construct mulching around plant base to also avoid soil erosion, nitrogen leaching
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and/or evapo-transpiration during maximum sunshine hours or during heavy rainfall.
Lastly, any future research should also involve a comparative based study on lowland
areas and highland areas of high volcanic islands.

By carrying out some of the recommendation above, it would help the researchers to
fine tune their future research and to the farmers, it would help them to be more
innovative in tackling the impacts of climate change through better and cost effective
adaptation measures.
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APPENDIX 1: FIELD SURVEY QUESTIONNAIRE
A. HOUSEHOLD SURVEY (GENERAL DEMOGRAPHIC AND SOCIO-ECONOMIC
INFORMATION)

1.

HOUSEHOLD SURVEY
Note: five households in each village site will be interviewed, if consent is approved. This
is to understand past and present day general demographic and socio-economic processes
and resulting level of interaction with agricultural activities. Make sure both male and
female household heads are present if possible.
General: Personal and Family
1. What is your name?
2. How old are you?
3. What is the highest level of formal education gained?
4. What is your current occupation?
5. How many people are living in this household? (Children & Adults)
Income
6. What do you do to earn an income? (copra, cocoa, kava, fishing, subsistence
agriculture, small business, others)
7. How much time do you spend doing this? (everyday, only sometimes, occasionally)
8. What do you do with your income?

B. GARDEN TRANSECT WALK

2.

ROOT CROP INFORMATION
Note: the information will be gathered during the garden transect walk with selected
members of the five households. There will be one main garden plot which should cover
the four main crops of study (Sweet Potato, Cassava, Yam and Taro). If any of the crops
are missing in that one main garden, then we have to do separate plots for the missing
crops.
1. Are there root crops planted in your garden? (yes/no)
2. What are these root crops?
3. How many species types of the above mentioned root crops have been planted in your
garden?
4. What were the main staple root crops?
5. What are the planting and harvesting period (months) for these root crops? Have you
noticed any changes?

3.

ECOLOGICAL IMPACTS OF PARAMETERS LIKELY TO BE AFFECETD BY
CLIMATE CHANGE
6. Have you grown your crops on the different site before the current site? Why?
7. How often do you use the same planting site for re-cultivation of root crops?
8. Does using the same piece of land over and over again have affected the root crop yield
in your garden?
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9. What are some of the soil management practices that you have carried out to restore the
soil fertility of your old planting sites?
10. Do the crops grow healthy in your garden? (yes/no) Why or why not?
11. What type of soil is present in your garden? Which type of soil is favored by which
crop?
12. Do you have a seasonal traditional calendar for growing and harvesting root crops and
tuber crops?
13. How long does it take for different types of root crops to grow into maturity? (E.g.
sweet potato, cassava, yam, taro, others)?
14. Does the maturation stage of the above mentioned root crops taking place earlier than
expected or very late? Why?
15. What type of pests and diseases are found in your garden(s)?
16. Are they are common pests and diseases or you just have seen it lately? Why is this
happening? When did this start to happen?
17. What do you think might have caused the increase or the decrease of pests and
diseases?
18. How many root crops or tuber crops per mound do you usually get during harvesting
period of each of the major crops (sweet potato, cassava, yam and taro)?
19. How many bags or baskets of each of the root crops is often taken home for own
consumption?( in a day, week and month)
20. Are there any surpluses in crop produce where you can sell them to the local markets as
a source of income?
21. What is the production like for each of the major crops over the last two-fifteen years
ago? Is it increasing or decreasing? Why?
C. COMMUNITY PARTICIPATORY MEETING

4.

CLIMATE CHANGE RELATED PARAMETERS
1. Have you experienced any climate related changes in your garden? (yes/no)
2. What are some of the climate related changes that you have seen? When did this start
to happen?
3. What do you think might have caused these changes? (explain)
4. How does increase surface temperature (CO2) affect your crops?
5. How does increase or decrease rainfall affect your root crops?
6. How often do you get rainfall? When and what time of the year?
7. How often do you get sunshine periods? Does it play an important role in growth of
root crops?
8. What were the dry months?
9. Have you experienced El-Nino/drought in the last ten-fifteen years? When did this
happen? How long does it last? What were the effects/impacts it has on crop growth
and crop production?
10. Have you experienced cyclone in the last ten-fifteen years? When did this happen?
How long does it last? What were the effects/impacts it has on crop growth and crop
production?
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11. Have you experienced flooding in the last two-fifteen years? When did this happen?
How long does it last? What were the effects/impacts it has on crop growth and crop
production?

5.

CURRENT ADAPTATION MANAGEMENT STRATEGIES
12. What were the current traditional root crop adaptation practices that were being carried
out in this village during flooding, cyclone or drought? (esp. for sweet potato, cassava,
yam, taro) How long have you been using it?
13. Are there any root crop adaptation project being carried out by national government or
NGO’s dealing with the impacts of climate change on root crop and food security?
Who are they? When did this project come in place? Does it benefit long term
production of root crops and livelihood of the locals?

6.

MANAGEMENT PRACTICES
14. What are some of the traditional sustainable root crop management practices that have
been carried out to avoid food shortages during cyclone, flooding or drought?
15. Where did most of your crop gardens located? (On a hill, slope, on a flat area or near
the river bank?
16. Do these locations have any impacts on the growth and production of root crops with
regards to soil erosion, landslide or flooding? (Explain)
17. Do you use fertilizers on your root crops? If so, what type of fertilizers are they?
18. Do you use irrigated water systems on your root crop gardens? Or are your root crops
are rain fed?

7.

ADAPTIVE CAPACITY
19. Human resources related to agriculture, food security and climate change (discuss)
20. Financial resources related to agriculture, food security and climate change (discuss)
21. Technical resources related to agriculture, food security and climate change (discuss)

8.

RECOMMENDATIONS
22. Suggest any suitable and cost-effective adaptation strategies to improve root crop
production (discuss)
23. Suggest some new methods of restoring the old planting sites (discuss)
24. Do you think this community should be equally benefit from climate change adaptation
programs? (discuss)
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APPENDIX 2: SUMMARY OF FIELD SUREVY QUESTIONNAIRE
Field Survey Sheet of relationship between independent variable and farmer perception
Independent Variable

Frequency

Percentage (%)

Age
20-30

12

20

30-40

18

30

40-50

20

33.3

50-60

6

10

60 and above

4

6.7

Male

30

50

Female

30

50

4

6.7

Primary education

18

30

Secondary education

23

38.3

Tertiary education

10

16.7

5

8.3

1-5

10

16.7

6-10

20

33.3

11 -20

22

36.7

20 and over

8

13.3

Access to AM Radios

60

100

Access to climate change

15

25

Gender

Education Level
No education

Vocational education
Farming Experience

information
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from national government
Agriculture support

25

from

41.7

Provincial Government

Number of participants in each village involved in planting these root crops
Village

Sweet Potato

Cassava

Taro

Yam

Other crops

Sites
Guguha

10/10

10/10

3/10

5/10

10/10

Hovukoilo

10/10

10/10

6/10

8/10

10/10

Tatamba

10/10

10/10

2/10

9/10

10/10

Ligara

10/10

10/10

4/10

8/10

10/10

Biluro

10/10

10/10

5/10

7/10

10/10

Hirolegu

10/10

9/10

5/10

6/10

10/10

Village Sites and the number of crop varieties planted
Village Site

No. of crop varieties
Sweet Potato

Cassava

Taro

Yam

Guguha

4

3

2

2

Hovukoilo

6

4

5

2

Tatamba

7

4

2

3

Ligara

5

3

4

3

Biluro

6

4

4

2

Hirolegu

6

4

4

3

Crop Varieties
No. of

Sweet potato

Cassava

Taro

Yam

Varieties
Var.1

Kurama

nablo Bia thilo nhigra

nhigra
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Mhau tuani

Nufi raoni

Var.2

Kurama paka

Bia kari

Mhau khou

Nufi geghesu

Var.3

Thilo nhigra

Bia vega

Kalvera

Nufi malaita

Var.4

Kurama sivu

Kakake

Var.5

Noro

Mhau pade

Var.6

Sada cruz

Var.7

Jesi

Root crop preference with the most staple crop
Village Site

Root crop preference
st

nd

1

2

3rd

4th

Guguha

Potato

Cassava

Yam

Taro

Hovukoilo

Potato

Cassava

Yam

Taro

Tatamba

Potato

Cassava

Yam

------

Ligara

Potato

Cassava

Yam

Taro

Biluro

Potato

Cassava

Taro

Yam

Hirolegu

Potato

Cassava

Yam

Taro

Harvesting and planting times of root crops
ROOT CROPS

PLANTING PERIOD

HARVESTING PERIOD

Sweet Potato

Anytime of the year

3-6 months

Cassava

Anytime of the year

3-7 months

Taro

Anytime of the year

7-9 months

Yam

August

8- 1 year
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Types of soil management practices
Soil management practices

No. of household involved (n=60)

Rottening of Sweet Potato vines

7

Soil tillage

-

Crop rotation

7

Bush Fallow

13

Mulching

3

Leave grass to grow

1

Shifting cultivation

4

No management practices

5

Land overuse and crop production
Crops

Decrease

Increase

No Change

Sweet Potato

53

3

4

Cassava

40

5

15

Taro

36

1

13

Yam

10

2

48

Land overuse and crop size
Crops

Very small

Small

Medium

Large

No Chanage

3

12

Sweet Potato

15

25

5

Cassava

8

10

22

20

Taro

15

25

3

17

Yam

50

10
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Periods of re-cultivation of the same piece of land/area
Sites

Participants and number of months & years farmers used
the same piece of land for gardening
0-6

6 – 12mnth

1-3 years

4-10

>11 years

Guguha

3

5

2

Hovukoilo

2

4

4

Tatamba

1

5

4

Ligara

5

2

3

3

4

2

1

5

3

Biluro

1

Hirolegu

FARM/HOUSEHOLD LEVEL
Response towards adaptation strategies in farm land
Response activities

Change

Constantly

Change in cropping pattern

20

40

Change in planting time

60

0

Change in variety of crops

50

10

Adoption of improved technology in farm land to

0

0

Use of chemical fertilizer

0

0

Use of irrigated water systems

0

0

Use of pesticides

0

0

Soil conservation activities

23

32

adapt to climate change
Use of compost
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Cash and subsistence food production
Types of sources

Main food for subsistence

Main

food

for

marketing/selling
Garden

Sweet Potato, Cassava, Taro, Sweet Potato
Yam, Pana, Banana.

River/streams

Freshwater fish, eels, prawns,

Freshwater prawns

bivalves and gastropods
Sea

Fish, sea shells, mud crabs, Fish, mud crabs, mud shells
mud shells

Bush

Wild pig, opossum, ferns

Ferns, wild pig

Response towards different types of impacts
Types of impacts

Responses (n=60)
Increase (%)

Decrease

Constant (%)

No idea

(%)
Soil erosion

40

0

18

2

Loss of root crops

12

0

42

6

Landslide

6

44

10

Number of root crops growing

12

38

3

7

agricultural

0

10

42

8

Impact of climate change in

50

0

7

3

in a year
Change

in

implements

farm level
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The types of soil present in the study sites
Guguha

Sandy loam

Hovukoilo

Sandy loam, clay loam

Tatamba

Red clay, Clay loam

Ligara

Clay loam

Biluro

Clay loam

Hirolegu

Clay loam

Traditional seasonal calendar for Planting and Harvesting
Types of root crops

Traditional Seasons

Sweet potato

No

Cassava

No

Taro

No

Yam

August

Root Crops

Maturation stages

Sweet Potato

3-6 months

Cassava

3-7 months

Taro

7-9 months

Yam

8 months – 1 year

Maturation stages
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Common pests and diseases
Root Crops

Common Pests and diseases

Sweet Potato

Sweet Potato Weevil, black rot, rats, clearwing
moth

Cassava
Taro

Taro beetle, taro blight, dasheen mosaic virus,
nematode diseases

Yam

Root crops and tuber crops per mounds during harvesting
Root Crops

No. of Tubers
New Land

Old Land

Sweet Potato

>10

0-5

Cassava

>10

2-6

Taro

1-2

1

Yam

>3

1-2

Quantity of root crops and tuber crops for own consumption
Crops
Sweet Potato
Cassava

Quantity (10 kg bag, 20 kg bag, string bag)
Usually 10 kg for 2-3 days depends on family size
Usually 10 kg depends on consumptions

Taro

10 kg or string bag

Yam

10 kg or string bag
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Surplus produce for sale in local markets
Crops

Quantity (10 kg bag, 20 kg bag, string bag)

Sweet Potato

10kg, 20kg, string bag

Cassava

10kg, 20kg

Taro

10 kg bag

Yam

10kg bag

General overview of the produce over the last 2-15 years
Crops

Quantity over the last 13 years

Sweet Potato

Decrease

Cassava

Same

Taro

Decrease

Yam

Decrease

Experience of climate change
Climate change parameters

Responses (n=60)
Yes

No

Changes in rainfall patterns

55

5

Increase in temperature (heat)

45

15
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Some climate related changes
Climate change parameters

Responses (n=60)
Yes

No

Frequent Flooding

38

22

Frequent Cyclone

50

10

El-Nino

60

Increase in Pests and Diseases

12

48

Impacts of rainfall
Climate change parameters

Yes

No

Flooding

60

0

Soil erosion

40

20

Water log

54

6

Pests and diseases

28

32

Rainfall (wet) months
Months

Response (n=60)

Jan - Apr

22

May - Aug

20

Sep - Dec

18
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Impacts of sunshine
Impacts of sunshine

Response (n=60)

Plant growth

20

Photosynthesis

40

Dry months
Months

n=60

Jan - April

11

May - August

17

September - December

32

Experience of El- Nino
Year of El-Nino
1994

Impact
Drought, bush fire, loss of water, rain fed root

Duration
2-3 months

crops affected, streams and rivers run went
dry.
1997/1998

Drought, bush fire, loss of water, rain fed root

6-7 months

crops affected, streams and rivers went dry.

Experience of Cyclone
Year of cyclone

Impact

Duration

1972 (Ida)

Damage food gardens, damage houses, loss

30 May -03 June

of human lives
1986 (Namu)

Damage houses, damage food gardens
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15 – 22 May

2002-2003 (Zoe)

Flooding cause damage to food gardens

25 Dec – 01 Jan

Experience of Flooding
Year of flooding
1972

Impacts

Duration

Damage root crop gardens, damage to

2-3 days

houses
2009

Damage root crop gardens

3-4 days

Current traditional adaptation practices for food security in times of flooding, cyclone
and drought
Planting of giant swamp taro (kakake)
Make substitute gardens on hill side where flooding rivers cannot reach

National adaptation projects and support from SIG and NGO’s climate change and food
security
Project

Province/Island

Funder/Project

Food security

Ontong Java/Malaita

Pacific Adaptation to climate
change project (PACC)

Improve

farming

system Makira, Western, Malaita

management

Development of Sustainable
Agriculture in the Pacific
(DSAP)

Preparation
communications

of

initial Solomon Islands

under

the

Pacific
Change
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Islands

Climate
Assistance

UNFCCC

Programme (PICCAP)

Locations of crop gardens
Location

No. of Participants (n=60)

Flat area

56/60

Hill side

22/60

Slope

10/60

Near river bank

45/60

Methods of restoring old planting sites
Different types of methods

Responses (n=60)

Bush fallow/cover cropping

13

Crop rotation

7

Rottening of vines

7

Shifting cultivation

4

Mulching

3

No soil management practices at all

5

Root crop formation stage
Corms/Tubers

Days/ Week/ Months

Sweet Potato

2-3 months

Cassava

3-4 months
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Taro

4-6 months

Yam

5-6 months

Root crop growth stages
Root crops

Planting

Growth/Development

Sweet

Any time

After vines are planted, it

Mounds crack with 3-6 months

takes few days to 1 week

tubers showing out,

Potato

Maturity

for young shoots to form sometimes
and after a month the vines

Harvesting

vines

with few leaves

fall and crawl.
Cassava

Any time

form 6-7 months

Stalks

branches and stalk
grows tall and lack
leaves

on

as

it

grows
Taro

Any time

Leaves starts to fall

Yam

August

Leaves

getting 8- 1 year

yellow-brown

in

color and starts to
fall
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7-9 months

APPENDIX 3: SOIL DATA

Mbina Series
Classification
Smooth, basalts, basaltic pillow lavas
Type Location
Village – Hovikoilo, Guguha
District – Maringe
Hovikoilo – 8 07 S Latitude, 159 32 E Longitude
Guguha – 8 06 S Latitude, 159 30 E Longitude
Profile Number 42
Physiographic Position
Elevation
Hovikoilo – 194 ft
Guguha – 46 ft
Ground Water Table
Rainfall
Slope, Erosion, and Relief
Slightly irregular surface, Soil erosion not evident
Drainage and Permeability
Land Use and Vegetation
Garden grown with crops
Geology and Parent Material
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Ultramafics
Distribution and Extent
Soil Association
Typic Haplohumox
Typifying Pedon
A11

0-2

Reddish brown (5YR 4/4, moist); loam; moderate medium crumb
structure; very friable, moist; free drainage; common fine
interstitial pores; many fine and medium fibrous roots

A12

2-10

Yellowish red (5YR 5/6, moist) loam; friable, moist; few small hard
irregular ironstone concretions; free drainage; common fine
fibrous roots

B21

10-43

Yellowish red (5YR 5/6 moist); sandy loam; friable, moist; few
hard irregular ironstone concretions 10 x 15 mm; free drainage;
few medium woody, few fine fibrous root:

B22

43-71

Yellowish red (5YR 4/6, moist); clay loam; firm, moist; free
drainage:

B23

71-97

Yellowish red (5YR 4/6, moist); silty clay loam; few fine faint
patches of yellowish red (5YR 5/8) on ped faces; firm, moist;
free drainage.

B23

97-142

As above…

Range in Characteristics
Competing Soil and their Taxonomy
Interpretation
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Analytical Data
Particle Size Diameter (mm)

Coarse
Fragments

Horizon

Depth

Sand

Silt

Clay

> 2mm % of

(2.0 -0.05)

(0.05-0.002)

(<0.002)

whole soil

(cm)

(%)

A11

0-2

23

19

21

A12

2-10

30

15

23

B21

10-43

55

8

9

B22

43-71

27

11

15

B23

71-97

4

35

19

B23

97-142

3

37

19

Depth

Organic

CaCO3

Carbon

E.C

pH Soil: Water

Bulk

(1:2.5)

(1:2.5)

Density

(Soil:Water)
(cm)

(%)

H2O

KCl

-

(%)

Water Retention

(mmhos/cm

(g/ml)

2

)

0-2

14.49

0.22

5.1

0.65

2-10

4.64

0.09

5.2

1.04

10-43

2.06

0.04

5.6

1.23

43-71

0.77

0.02

5.8

1.10

71-97

0.45

0.01

5.8

1.12

97-142

0.32

0.02

5.9

0.92

Depth

Exchangeable Cations
Ca

Mg

Na

Base
K

Sum

(cmol(+)kg-1)

(cm)

C.E.C

Saturation

(cmol(+)kg-

(%)

1

)

0-2

1.2

2.2

0.8

0.6

4.8

25.2

19

2-10

0.1

0.4

0.2

0.2

0.9

8.6

10

10-43

0.2

0.1

0.1

tr

0.4

4.3

8
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43-71

0.3

nil

tr

nil

0.3

1.5

19

71-97

0.3

nil

Nil

nil

0.3

1.0

27

97-142

0.4

nil

tr

nil

0.4

1.0
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Zabana Series
Classification
Smooth, basalts, basaltic pillow lavas
Type Location
Village – Tatamba and Ligara
District –Gao
Tatamba - 8o23’ S Latitude, 159o 48’E Longitude
Ligara – 8 22 S Latitude, 159 30 E Longitude
Profile Number 21
Physiographic Position
Elevation
Tatamba 104ft
Ligara 55 ft
Ground Water Table
Rainfall
Slope, Erosion, and Relief
Slight surface wash, smooth
Drainage and Permeability
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Land Use and Vegetation
Area cleared for gardens being planted with Taro and Sweet Potatoes
Geology and Parent Material
Basalts and basaltic pillow lavas
Distribution and Extent
Soil Association
Typic Tropohumult
Typifying Pedon
A1 0-8 Brown to dark brown (7.5YR 4/4, moist) clay; friable, moist; free drainage
B21 8-33 Red (2.5YR 4/6, moist) clay; firm, moist; free drainage
B22 33-84 Red (2.5YR 5/8, moist) clay; firm, Moist silty clay; common faint strong
brown weathered material mottles; free drainage
B23 84-142 Red (2.5YR 4/6 moist) silty clay; firm, moist; free drainage
Range in Characteristics
Competing Soil and their Taxonomy
Interpretation
Analytical Data
Particle Size Diameter (mm)

Coarse
Fragments

Horizon

Depth

Sand

Silt

Clay

> 2mm % of

(2.0 -0.05)

(0.05-0.002)

(<0.002)

whole soil

(cm)

(%)

A1

0-8

12

60

18

B21

8-33

1

72

23

B22

33-84

1

57

38
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B23

Depth

84-142

Organic

1

CaCO3

Carbon

50

E.C

pH Soil: Water

Bulk

(1:2.5)

(1:2.5)

Density

(Soil:Water)
(cm)

(%)

43

H2O

KCl

-1

(%)

Water Retention

(mg m-

(dSm )

3

)

12.66

0.21

5.5

0.66

1.73

0.06

5.1

0.86

0.47

0.03

5.1

0.84

0.22

0.02

5.1

0.85

Depth

Exchangeable Cations
Ca

Mg

Na

Base
K

Sum

(cmol(+)kg-1)

(cm)

C.E.C

Saturation

(cmol(+)kg-

(%)

1

)

22.4

7.3

0.2

0.6

30.5

50.9

60

5.3

3.1

0.1

0.1

8.6

17.6

50

2.3

1.4

0.1

tr

3.8

18.2

21

2.5

1.3

tr

tr

3.8

20

19

Litoghahira Series
Classification
Smooth, basalts, basaltic pillow lavas
Type Location
Village – Biluro and Hirolegu
District – Hograno
Biluro 8 17 S Latitude, 159 25 E Longitude
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Hirolegu 8 17 S Latitude, 159 26 E Longittude
Profile Number 24
Physiographic Position
Elevation
Biluro – 29ft
Hirolegu -24 ft
Ground Water Table
Rainfall
Slope, Erosion, and Relief
Not evident on terrace surface, slight wash down terrace face.
Drainage and Permeability
Land Use and Vegetation
Geology and Parent Material
River alluvium derived from volcanic and ultramafic rocks
Distribution and Extent
Soil Association
Typic Tropofluvent
Typifying Pedon
A1

0-10

Dark grayish brown (10YR 4/2, moist) silty clay loam; moderate
medium angular structure; friable, moist; free drainage; common
fine interstitial pores; many fine fibrous, few woody roots; clear
wavy boundary
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IIB

10-25

Brown to dark brown (10YR 4/3, moist); loam; coarse moderate
angular blocky structure; friable, moist; free drainage; common
tubular and interstitial pores; few fibrous roots; clear broken
boundary

IIIA1

25-33

Brown to dark brown (10YR 4/3, moist); common fine faint
brown to dark brown (7.5YR 4/4) mottles; loam; weak medium
subangular blocky structure; very friable, moist free drainage;
few fine tubular pores; rare fine fibrous roots, gradual smooth
boundary

IIIB11

33-81

Brown to dark brown (10YR 4/3, moist) fine sandy loam; weak
coarse prismatic breaking to coarse angular blocky structure;
friable; moist; few coarse sandy patches; free drainage; few fine
tubular pores; gradual wavy boundary

IIIB12

81-91

Dark grayish brown (10YR 4/2, moist); common fine distinct
yellowish red (5YR 4/8) mottles; silty loam; moderate coarse
subangular blocky structure; friable; moist; imperfectly drained;
clear smooth boundary

IVC

91-107

Very dark grayish brown (10YR 3/2, moist); sand’ structureless;
loose; free drainage; common coarse interstitial pores; abrupt
smooth boundary.

Range in Characteristics
Competing Soil and their Taxonomy
Interpretation
Data Analysis
Particle Size Diameter (mm)

Coarse
Fragments

Horizon

Depth

Sand

Silt

Clay

> 2mm % of

(2.0 -0.05)

(0.05-0.002)

(<0.002)

whole soil
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(cm)

(%)

A1

0-10

13

30

31

IIB

10-25

46

11

17

IIIA1

25-33

30

20

22

IIIB11

33-81

17

20

35

IIIB12

81-91

26

15

31

IVC

91-107

63

3

6

Depth

Organic

CaCO3

Carbon

E.C

pH Soil: Water

Bulk

Water

(1:2.5)

(1:2.5)

Density

Retention

(Soil:Water)

H2O

KCl

(mmhos/cm2)

(cm)

(%)

0-10

5.02

0.08

6.7

0.81

10-25

0.27

0.04

7.1

1.00

25-33

0.93

0.05

7.0

0.94

33-81

0.31

0.04

7.1

0.96

81-91

0.26

0.04

7.2

0.93

91-107

0.15

0.03

7.2

1.19

Depth

(%)

(g/ml)

Exchangeable Cations
Ca

Mg

Na

Base
K

Sum

(cmol(+)kg-1)

(cm)

C.E.C

Saturation

(cmol(+)kg-

(%)

1

)

0-10

23.3

9.0

0.3

0.1

32.7

37.8

87

10-25

11.4

8.8

0.3

0.1

20.6

20.7

100

25-33

15.4

8.1

0.3

0.1

23.9

24.9

96

33-81

10.0

11.6

0.3

0.1

22.0

20.8

100

81-91

8.8

14.3

0.3

0.1

23.5

21.5

100

91-107

6.1

11.0

0.3

0.1

17.5

15.0

100
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APPENDIX 4 WEATHER (Santa Isabel Province)
Note: This is the typical format for inserting weather in DSSAT. The weather file for
Isabel is from 2008 – 2011. The weather data below is a representative of how all the
data are inserted. There are so many pages of weather data for 3 year period so it cannot
be inserted in the appendix.

Year

Months

Day

Tmax

Tmin

2008

4

1

31.0

23.9

0.0

20.9

2008

4

2

28.6

23.5

2.5

14.3

2008

4

3

30.6

22.9

0.5

15.3

2008

4

4

31.5

24.2

1.0

13.7

2008

4

5

30.2

23.9

17.5

16.1

2008

4

6

29.5

23.2

2.5

11.6

2008

4

7

26.6

22.4

11.5

7.5

2008

4

8

28.7

23.2

0.5

13.7

2008

4

9

28.6

22.3

11.5

11.0

2008

4

10

31.1

23.5

3.0

16.4

2008

4

11

29.6

23.4

2.5

14.2

2008

4

12

31.2

24.0

0.0

20.1

2008

4

13

31.3

23.8

0.5

14.9

2008

4

14

30.9

23.7

17.0

20.0

2008

4

15

28.2

22.5

18.5

9.5

2008

4

16

28.4

22.9

2.0

10.2

2008

4

17

27.6

22.4

16.0

7.4

2008

4

18

28.8

23.9

0.0

14.7

2008

4

19

29.9

23.9

0.0

17.0

2008

4

20

29.4

23.6

28.5

9.4

2008

4

21

26.3

23.1

13.0

6.0

2008

4

22

30.6

23.6

7.5

19.9

2008

4

23

30.6

23.7

1.5

24.6

2008

4

24

31.7

24.3

0.5

24.5

2008

4

25

30.8

23.7

7.5

18.5
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Rainfall Solar Radiation

2008

4

26

27.4

22.3

39.5

7.0

2008

4

27

29.6

23.2

0.0

14.4

2008

4

28

30.3

23.2

12.5

17.1

2008

4

29

31.8

24.5

0.0

23.4

2008

4

30

30.6

24.6

0.0

18.9
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APPENDIX 5: SIMULATION OVERVIEW
Note: There are more than 50 pages of simulation overviews, so only a typical example
of one site (Hovikoilo) was given to represent the overall simulations in all three sites.
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