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Abstract
The purpose of this research is to determine the factors that influence the concentrations
of groundwater salinity and soil cations; and to examine their impacts on pulaka
cultivation in Tuvalu. To meet these objectives, the research therefore aims to: (i)
investigate

the

local

community’s

perception

of

vulnerability

impact

and

adaptation/coping mechanisms of food crops to climate change and extreme events; (ii)
assess the factors affecting salinity of water and soil cations in Pulaka pits; (iii) identify
potential adaptation options and coping mechanisms for community adoption to sustain
and improve Pulaka production; and (iv) undertake follow up salinity monitoring in the
Pulaka pits previously sampled by Webb 2007 and Rao 2010 and compare their findings
with this study.
The methodology used in this study comprise of: (i) a literature review; (ii) a survey
using a questionnaire to interview farmers and community members from the 3 study
sites; (iii) informal discussion with youths and Form 2 students; (iv) physical assessment
of pulaka pits; (v) groundwater testings for salinity, EC and TDS; and (vi) soil sampling
to analyse available nutrients.
A wide range of perceptions were obtained from community members pertaining to the
socioeconomic and cultural importance of pulaka. Traditional knowledge on planting,
conservation, common use and other traditional related opinions on pulaka were recorded
and discussed to facilitate future decisions for coping mechanisms. Strategic adaptation
options and community recommendations are amongst the coping mechanisms discussed
herein.
The overall groundwater salinity values in pulaka pits were found to differ from pit to pit
and even within pits. Additionally, there were areas of very high salinity values such as
Nukulaelae’s Motutala Pit and Funafuti’s Central Pit. Nukulaelae had the highest
groundwater salinity values at 7.0 ppt, followed by Funafuti at 3.72 ppt and Niutao
scored the least at 0.66 ppt.
vi

Overall correlation analysis between the tested parameters TDS, EC and Salt, the results
shows high correlation in Funafuti and Nukulaelae with R2 values above 0.9 while Niutao
had much low correlation with values ranging from 0.4 - 0.6. On the other hand, their
correlation analysis with environmental parameters (tide, rainfall and maximum
temperature) reveals that; for Niutao apart from pH tide difference with R 2 value of
0.1353 all other parameters have R2 values less than 0.01; Funafuti have R2 values
ranging from 0.0002 - 0.03 and Nukulaelae with values ranging from 0.0002 - 0.004.
The 2-Way ANOVA analysis reveals that there is significance difference in pH and Salt
with p-values of 0.0325 and 0.00331 while EC, Temperature and TDS have no significant
differences at p-values at 0.0596, 0.200 and 0.0838.
Tuvalu soil is of calcareous formation that requires tremendous effort to modify and
enrich for pulaka growth and that of other traditional food crops. Soil analysis reveals
that the exchangeable cations (Ca, Na, Mg ) are all very high and at toxic levels for crop
growth in both the affected and unaffected pits.
In conclusion, it would appear that the issues surrounding pulaka cultivation in Tuvalu
are more complex than the analysis of factors such as tide movement, rainfall, sunshine
and maximum temperature reviled. The likelihood that affected pits had anaerobic soil as
a result of water-logging, the abandonment of pits by owners as a result of giving up due
to salt intrusion, shift in diet to imported foodstuffs and the lack of interest nowadays to
cultivate pulaka, are some important finding from this study that will require future
investigation.
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Preface
Parts of this thesis have already been published:
1. (i) As a poster presentation for the Pacific Islands Climate Services Forum, 2115th Jan, 2013, USP, Suva – Fiji.
2.

Poster title: Climate Change Impact on Pulaka: Case Study of Tuvalu.

(ii) As scientific paper presented to the 12th Pacific Science Inter-Congress Scientific
(PSIS) conference from 8-12th July, 2013, USP, Suva – Fiji.
Paper title: An assessment of the resilience of agricultural systems in coral atolls:
A case study of pulaka cultivation in Tuvalu.
In addition, Chapter 5 will be further developed into a “Best Practice Guide” for
cultivations as elucidated in the thesis conclusion in Chapter 6.
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Chapter 1
1. Introduction
1.1. Setting the scene
The author realizes that in a thesis, personal stories are usually not documented. But in
order to state the relevance and motivation behind this research, allow me to relay an
anecdote which inspired me to do this research topic. It was in the late 1980s, when I
took my annual leave on my lovely home island Nui in Tuvalu, that I came across a
shocking site when my father took me to our pulaka pit at Telikiai islet. There was barely
anything in the pit. I could not believe my eyes when I could only see long grass and
weed instead of pulaka. From personal communication with some elders, the pit was
abandoned a decade ago due to salt water intrusion emanating from a nearby borehole
which was confirmed to have been there since the existence of the pulaka pit.
Nonetheless, salt water intrusion has never been as bad as it has been since recent
incidences which have caused farmers to abandon these pits.
Years later as I progressed and became a senior Civil servant for the Government of
Tuvalu, my thoughts always wandered back to that day. As the Director of Environment I
toured other Islands frequently for work and my interest in the impact of salt water
intrusion on pulaka pits grew. As fate would have it this problem became the focus of my
research: to assess the root causes of the problem as stated earlier and compare my
findings to narratives being communicated to me. Pulaka in Tuvaluan is a giant swamp
taro or Cyrtosperma chamissonis (Iese, 2005). Other researchers Rao et al. (2010)
mentioned that its botanical name is Cyrtosperma merkusii. However, given that C.
chamissionis and C. merkusii are synonyms as suggested by Iese (2005) and the fact that
many literatures used C. chamissionis, this paper therefore opt to use C. chamissionis.
This research was conducted on three of the nine Islands in Tuvalu, Niutao from the
North, Funafuti from the central as an alternative of the first choice Nui (which could not
be visited due to unfavorable shipping schedules) during the research and Nukulaelae
1

from the Southern part (Figure 1). The research attempts to measure the presence of
salinity in both the dead (unused/unproductive) pits (referred as affected pits) and the
existing live (in-use/currently productive) pits (referred as unaffected pits) with some
specific outcome to provide proper adaptation and coping mechanisms to overcome
current unsatisfactory situation. The study sites have common characteristics in that they
are pits with no hope to cultivate as they have been highly affected with salt intrusion and
been abandoned while other pits are assumed not to have been badly affected thus can
still be cultivated. However, at certain time period pits were considered for abandonment,
however, varied across the country.

Figure 1. Tuvalu in the central Pacific showing research sites (Niutao, Funafuti, Nukulaelae).
Source: Tuvalu NBSAP (2011).

Tuvalu is made up of eight main small islands; the ninth is Niulakita and it is part of
Niutao Island. Tuvalu comprises 3 reef islands and 6 true atolls having a total land area of
approximately 26 km2. It has about 751,797 km2 of economic exclusive zone (EEZ) with
a population of 11, 206 in 2011 (estimate). Tuvalu gained independence in 1987. It’s
climate is tropical and marine with significant seasonal variability in precipitation with a
May to October dry season and a November to April wet season (Tuvalu, 1997). The
average annual rainfall is 3,000 mm however can exceed 4,000 mm per annum at times.
Tuvalu often experiences droughts because of its location near the Pacific equatorial dry
2

zone. Dry periods are more severe in the northern than the southern islands, notably in
the months of August-October. Dry years in Tuvalu are associated with a positive
Southern Oscillation Index (the cold phase of ENSO) (Tuvalu, 2011d).
Tuvalu people have lived in their home islands for many centuries and were and still are
highly dependent on their pulaka cultivars. These pulaka were cultivated in dug-out pits
or in natural depressions just above the water table by the ancestors of present day
communities. The cultivar was and is still is the main staple food for carbohydrates so
families needed to keep their pulaka plots in a sustainable manner. The sustainable
harvest in the past had offered tremendous benefits to the people in terms of stable food
supply and the generation of subsistence income. Long droughts and other climate related
variations contributed to the increase of salinity in the pulaka pits. Now, pulaka (C.
Chamissonis) cultivation has become a burden and options for its recovery need to be
devised and implemented. Webb (2007) highlighted that most pits had been abandoned
due to salt intrusion and declining yields and as a result Iese (2005) and Webb (2007)
stated that people shifted their diet to imported foodstuffs like rice and other foodstuffs .
Recent findings by Iese (2005), Webb (2007) and Rao (2011) show that the pulaka is
highly impacted by salt water intrusion. This situation as suggested by Rao (2011), Iese
(2005), Mimura (1999) and Talia (2009) is further exacerbated due to the rise of sea level
at 0.9mm per year for nine years. This climatic situation was also highlighted by Hunter
(2002) and the National Tidal Facility (NTF) (2002). This reality has major implications
on the future of Tuvalu’s pulaka and this is a problem that needs to be addressed
urgently.

1.2. The role of pulaka in Tuvalu
The introduction of pulaka into Tuvalu is not well recorded; however, given that almost
all the varieties have I-Kiribati names, it can be assumed that most pulaka were
originated from Kiribati or were given names only after Kiribati and Tuvalu were merged
as one colony, or that Tuvaluans never ate pulaka until the information exchange with
their neighbors Kiribati took place. So, we can conclude that pulaka were brought into
3

Tuvalu by travellers from Kiribati. Despite this, Thaman (2002) added that the role of
pulaka from the very early days in daily life and in every cultural event as food, gift for
weddings, birthdays, funerals, and any other social or family gathering has been very well
noted which also highly supported by Iese (2005), Webb (2007) and Rao (2011). The
importance accorded to pulaka is seen in Fiji also when Rewa people offer it as gifts to
their chief (Overton, 1999).
Culturally, the importance of pulaka is denoted in various ways of which the giant
swamp taro competition is always the most popular and famous way (Iese, 2005 and Rao,
2011) - an event where families within society compete as to who has the tallest, biggest,
and heaviest pulaka; an event also demonstrating the support and the effort members of
each family devote towards their pulaka cultivation. Apart from these roles, other parts of
the pulaka were compatibly useful according to the function that particular part can
provide. For instance, the leaves can be used as food wrappers, drinking bowls, umbrellas
and dancing skirts while the petiole can be used for weaving mats, medicine and fertilizer
(Iese, 2005 and Rao, 2011). On the island of Nanumea, the dried pulaka leaf is used as a
form of aroma on traditional garlands and dancing skirts. The dry leaf is mixed with a sea
worm called “ponuponu” with a smear of traditional oil. The mixture is then flamed on a
fireproof plate under a covered mat and over the flame is a stand with a load of traditional
garlands and dancing skirts. Normally this traditional practice is performed on special
occasions like the birth of a first born child, weddings, birthdays, and other special
traditional events. A detailed account of the cultural value of pulaka is highlighted later
in Chapter 3.
The corm of the giant swamp taro is the most important part of the crop that plays a
critical role in the Tuvalu culture and food as explicitly communicated earlier. Therefore
proper cultivation is very important to ensure good quality and size is achieved. For this
to happen, “Logo ote poko” or “wisdom of the hole” (Iese, 2005) which literary means
ways of cultivating pulaka is used; however, individual families have their own methods
and composting skills which were passed on down to the young generation by their
forefathers. The skills were then conveyed to male children later on who were to be fully
4

responsible over the pulaka pits. Keeping hold of the corm quality and size is very
challenging as the farmer has to maintain the consistent application of compost untill it is
due for harvest. This composting practice is very essential given the poor soil foundation.
Figure 2 below attempt to illustrate some composting methods.
Composting in Niutao

Composting in Funafuti

Composting in Nukulaelae

Figure 2. Methods of composting “logo ote poko”.
Left: A farmer in Niutao. Center: A farmer in Funafuti. Right: Simple method in Nukulaelae.

There are various traditional recipes in cooking pulaka as tabulated in Table 10 in
Chapter 3. However, the most prominent recipe highly used in any occasion is the
“fekei”. Figure 3 below illustrates the processing of the “fekei”. The island of
Nukulaelae is famous and well known in cooking fekei.
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Figure 3. Processing of pulaka into fekei.
Left photo: Grating the pulaka using a traditionally made grater. Right photo: Mixing the fekei with red
toddy before it was baked in an earthen oven.

1.3.Climate change and pulaka
What is climate change and sea level rise? Are the people of Tuvalu fully aware of these
phenomena? Are they well acquainted of their impact on pulaka? As highlighted above,
people have the assumption that pulaka have been impacted by the effect of climate
change and sea level rise. This indicates that despite people assuming this, they are still
uncertain about climate change. The most recent report by Atu et al., (2011) reported
that pulaka was highly under stress followed by banana crops, especially on the island of
Nanumea. The situation was really challenging to farmers as there were no means of
irrigation. However, some farmers managed to establish means of shading by using
coconut leaves over the plants to decrease the stress imposed on pulaka. Establishing
irrigation systems in Tuvalu for pulaka is not vital and not practiced at all as farmers
depend highly on the fresh water lens that is normally recharged by rainfall.
Climate change impact on freshwater lens is vital as it is a common resource in atoll
islands like Tuvalu in which its flow and occurrence is controlled by the irregular
formation of the island and climate variability. According to Anthony et al., (1989)
freshwater sits above the transition zone (ie: freshwater and seawater mixing zone) and
sea water. Figure 4 below illustrates cross-section features of the freshwater lens on atoll
islands. Vegetation like pulaka is highly dependent on freshwater lens and therefore once
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it is polluted by seawater with very little rain, subsequently pulaka will die (Webb, 2007;
Iese, 2005; Rao, 2011). In most cases, the thickest part of the freshwater lens is closer to
the lagoon owing to less permeability sediments at the lagoon side deliberately slowing
down the mixing of seawater and freshwater, as a consequence thick freshwater
development is permitted.

Figure 4. Cross-section of a coral island showing the main features of a freshwater lens.
Source: UNESCO (2013).

Interviews with some of the local expert farmers reveal some important facts about
weather conditions and their impacts on different pulaka pits in different islands.
According to my maternal grandfather pulaka pits are mostly affected during king tides
especially during the period of December to April the following year. According to
Mataio (2012), pers. com., these are usually associated with storm surges and in the past
decades, this is commonly known as a period of westerly winds associated with heavy
rains, rough seas and very high tides. Nowadays this weather pattern is becoming more
and more unstable and worse. Timo (2012), pers. comm., a farmer from Nukulaelae
Island confirmed that the main pulaka pit (Vaipulaka lasi) is always affected with salt
intrusion during strong westerly wind and bad weather associated with rough spring tides.
Figure 5 below illustrated this impact.
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On Nanumaga Island, the damages caused during westerly winds with associated strong
currents are also manifested on Nanumaga Island where the pulaka pit on the northern
part of the island is always flooding thus damaging the cultivars. Webb (2007)
highlighted in his report that this northern point in Nanumaga has on-going evidence of
saline. This is also confirmed by the Director of Agriculture Mr Lausaveve during his
personal communication with Webb (2007).

Vaipulaka Lasi
Key:
Strong westerly wind
direction.
Site used to be intruded with
salt water during bad weather

Figure 5. Usual affected site by salt water encroachment on Fagaua settlement in Nukulaelae.

During the period of June 2010 to October 2011, Tuvalu experienced a long period of
drought as the worst of record in history. The impact of the drought was severely
affecting and experienced on the Island of Nukulaelae.

The Nukulaelae Kaupule

(Nukulaelae, 2010) reported that the recent reduction of pulaka growth was attributed to
the drought. The following Figure 6 aims to illustrate such catastrophic situation.
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KEY:
Top left: Devastated pit.
Top right: Reviving pulaka
after several rains.
Bottom left: Some grown
pulaka to the edge of the
pit prone to shade.
Bottom right: Situation of
the pit in the midst of the
drought.
Middle photo: Rotten
corm of the ikaraoi
variety.

Figure 6. Consequences of the drought in 2010-2011.

In general, the Australian Bureau Meteorological Services and CSIRO (2011) reported
that the Pacific Islands will face an increase number of extreme events. This will be a
signpost of tougher times for these countries including Tuvalu in trying to adapt to
climate change. However, Chris Stokes and Howden (2010) further elaborated that plant
productivity in tropic areas like Tuvalu dependent highly on rainfall. On the other hand,
Nelson (2009) declared that the increase of greenhouse gas emissions that contributed to
extreme weather events had threatened food security everywhere.

1.4.Objective
The main objective of the study is to investigate the factors that influence the
concentrations of groundwater salinity and soil nutrients; how these impact pulaka in
Tuvalu; and to gather some specific outcome to provide proper adaptation and coping
mechanisms to overcome current unsatisfactory situations.
Therefore in view of the above main objective, this study aims to:
I.

Investigate the local community’s perception on vulnerability impact and
adaptation/coping mechanisms of food crops to climate change and extreme
events.

II.

Assess and understand the factors affecting salinity of water and soil in
affected and unaffected Pulaka pits and its impact on pulaka production
across three islands of Tuvalu (Niutao, Funafuti, and Nukulaelae).
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III.

Identify potential adaptation options and coping mechanisms for community
adoption to sustain and improve pulaka production.

IV.

Undertake follow up salinity monitoring in the Pulaka pits previously sampled
by Webb (2007) and Rao (2011) and compare their findings with this study.

1.5. Thesis structure
The overall structure of this paper is as below.
x

Chapter 1 is the introduction that aims to express the motivating factor pertaining
to this study along with the problem statement, the objectives and the study’s
structure.

x

Chapter 2 focuses on the literature review and the study sites background and
demography.

x

Chapter 3 provides an account of the investigation of the local community’s
perception on vulnerability impact and adaptation/coping mechanisms of food
crops to climate change and extreme events (addressed objective 1).

x

Chapter 4 provides an account of assessing and understanding the factors
affecting salinity of water and soil in affected and unaffected Pulaka pits; and its
impact on Pulaka production across the three islands of Tuvalu or study sites
(Niutao, Funafuti, and Nukulaelae) including comparison of findings of this study
with previous related studies being carried out in 2007 by Webb and 2010 by Rao
(addressed objective 2 and 4).

x

Chapter 5 focuses on potential adaptation options for communities to sustain and
improve pulaka production including the recommendations of the study
(addressed objective 3).

x

Chapter 6 is the last chapter that accounted for the overall conclusion of the study.
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Chapter 2
2. Literature review and study sites
2.1.Origin and distribution of pulaka
There is no clear path as to the origin and distribution of pulaka in the Pacific (Lebot,
2009, Iese, 2005). However, there are a quite number of assumptions or theories
describing the origin and distribution of pulaka. It was believed that Cyrtosperma was
originated from the Malayan Archipelago or Indo-Malayan region (Plucknett, 1977),
while another belief was that the origin of C.chamissonis was from the Papua New
Guinea highlands (Aalbergsberg and Hay, 1991). However, Hather (2000) argued that
Cyrtosperma was introduced to Polynesia through the migration of aborigines and that it
existence was since 1451 A.D.
Although there was no definite confirmation on the route of C. chamissonis into the
Pacific, Vickers (2001) believed that it could have been brought by Micronesian
travellers from Indonesia into Kiribati while Later and Thomas (2003) argued that pulaka
was through the Aboriginal introductions during the pre-Europeans times, which then led
to its spread to other countries like Tuvalu. Iese (2005) appreciated that its prevalence in
Oceania was brought as a food crop by settlers (Thaman, 1994). Given the status of
uncertainty of the introduction of Cyrtosperma into the Pacific region, Holloway et al.,
(1989) and Iese (2005) confirmed that the Indo-Malayan region was believed to retain the
highest root crop diversity, therefore must be the origin of distribution. However, Manner
(2010) further declared that giant swamp taro varieties could be found in the western
Pacific region and Micronesia.
SPC (2006) reveals that there are 4 aroids of taro in the Pacific Islands; Cyrtosperma,
Colocasia, Alocasia, and Xanthosoma. The Cyrtosperma taro also known as the giant
swamp taro is the tallest with large arrow-shaped leaves and a large corm. It can tolerate
high winds and grow in sandy saline soil. Colocasia is used in social occasions. Alocasia
grows in various ranges of soil and with long corms growing above the ground.
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Xanthosoma is easily grown and thought to be brought from Tropical America around
100 years ago. These aroids are illustrated in Figure 7 below.

Figure 7. Aroids of taro in the Pacific Islands.
Source: Pacific Food Leaflet No.5; SPC (2006).

Giant swamp taro are found in many Pacific countries under different native names as
illustrated in Table 1 below.
Table 1. Different native names of giant swamp taro in the Pacific.
Country
Local Name
Tuvalu

Pulaka

Kiribati

Babai

Mariana Islands

Baba

Cook Islands

Puraka

Solomon Islands

Kakaka

Hawaii

Moata

Fiji

Via kana

Palau

Brak

Marshall Islands

Iarai or iaratz

Pohnpei

Mwahng

Kosrae

Pasruk

Yap

Lak

Samoa

Pula’a

Rotuma

Papoe
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Source: Iese (2005).

Furthermore Greenhill and Clark (2011) shows a relationship between the naming of
pulaka and the migration of people in the Polynesian islands (Table 2).
Table 2. Pulaka entries.
Language

Reflex

Description

Anuta

Pulaka

(Cyrtosperma chamissonis)

East Futuna

Pulaka

(Cyrtosperma sp.; plant sp

East Uvea

Pulaka

(Cyrtosperma sp.)

Kapingamarangi

Bulaga

ManihikiRakahanga

Puraka

(Cyrtosperma chamissonis) . (Introduced in Spanish times,
according to Emory 1965.)
Taro sp
Xanthosoma violaceum, a plant similar to taro, with thick

Niue

Pulaka

Nukuoro

Bulaga

Swamp taro (Cyrtosperma chamissonis)

Penrhyn

Puraka

Wild taro, swamp taro (Cyrtosperma chamissonis)

Pukapuka

Pulaka

(Cyrtosperma merkusii)

Rarotongan

Puraka

Coarse kind of taro (Etn)

Samoan

Pulaʔa

(Cyrtosperma sp.)

Sikaiana

Ka/pulaka A vegetable bigger than taro

Takuu

Puraka

(Cyrtosperma chamissonis)

Tikopia

Pulaka

(Cyrtosperma chamissonis) Problematic

Tokelau

Pulaka

Elephant-ear taro (Cyrtosperma chamissonis)

Tuvalu

Pulaka

(Cyrtosperma chamissonis)

Tuvalu

Pulaka

Elephant ear taro (Cyrtosperma chamissonis) (Rby)

Vaeakau-Taumako Pulaka

tuberous edible rhizome (Sph)

Giant taro

Source: Accessed on 11/10/12 from http://pollex.org.nz/entry/pulaka/

2.2.Traditional importance of pulaka
Giant swamp taro has an essential role to the food security of Tuvaluans; it is the main
food providing starch at weddings, birthdays, funerals, feastings and other social
gathering events (Webb, 2007 and Rao, 2010). In this way, pulaka is seen as being
woven into the island traditions and cultures and thus become part and parcel of Tuvalu
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people (Rao, 2011). On Vaitupu for example, pulaka has been a traditional food, right
from the early days (Robert, 1955). This was also confirmed by Talapai (2012), Mataio
(2012), Timo (2012) and Laatasi (2012) when they said that the ikalaoi corm is the only
variety that usually used as a gift during any traditional event or when nafa competitions
take place. On the other hand, Iese (2005) and Rao et al. (2010) added that there are two
tendencies can be perceived in cultivating pulaka on atolls; one is due to its attribution to
drought and salt tolerance compared to other root crops; secondly is its distinction growth
on atoll islands in diverse cultivation compared to other root crops that inadequately grow
on atoll conditions. The significance of C. chamissonis is also noted by Hooper and
Huntsman (1973) due to its feasibility and the ease with which it can grow in artificial
pits dug for fresh-water lens.
In terms of food benefits, the corm and leaves of the giant swamp taro are rich in fibre
which helps to reduce overweight (SPC, 2006). Some varieties as confirmed by Taylor et
al. (2009) are rich in zinc which protects the body from diseases. The yellow-flesh corms
contains plentiful of provitamin A carotenoids that help good vision, build blood and
fight against infection (Taylor and Guarino, 2006). Carotenoid-rich food protect contrary
from cancer, heart disease and diabetes. Cooking of unpeeled giant taro as suggested by
Englberger (2003) helps sustain fundamental nutrients such as fibre, calcium and iron
that is required by the body. Table 3 below illustrates nutrients content of 100 gram
edible portions of boiled taro compared with white rice.
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Table 3. Nutrients contents of 100 gram edible portions of taro compared to white rice.

Source: SPC (2006).

Pulaka is also being used for tradition competition called “nafa” (Tuvalu, 1997a). Every
matai or pulaka cultivators harvest their best cultivars for competition where
measurements of width/circumference, length, weight are done. These are assessed to
find out who is the winner. The winner become the hero of that year until someone
breaks the record and become the new hero (Mataio pers. comm., 2012,). The purpose of
nafa is for matai or pulaka cultivators to showcase their skills, talents and effort in
planting pulaka. The winners are well respected in society which motivates farmers’ to
work hard in their pulaka pits for the next nafa (Dunn, 1976; Iese, 2005; Manner, 2009
and Rao, 2010). Nafa is a common concept observed on all the islands of Tuvalu;
however, celebrated at different times of the year on each island. For example on Nui
Island, nafa takes place two days before Christmas eves while Vaitupu Island prefer
having nafa during their island day in November. This is the day when all family
members celebrate and support their elders after years of hard work in their pulaka pits.
Other uses of the giant swamp taro depend on its parts. The leaves can be used for food
wrappers, cover foods, used as an umbrella and for compost when rotten. Its petiole is
used for mat weaving, compost when rotten, medicines and other uses (Rao, 2010; Dunn,
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1976; Hather and Weisler, 2000; Englberger et al., 2005; Iese, 2005; Manner, 2010; and
Talia, 2009). Iese (2005) further highlighted some prepared foods from pulaka as in
Table 4 below.
Table 4. Common prepared foods from pulaka in Tuvalu.
Tuvaluan traditional dishes:
Tao - peeled and earth oven baked pulaka.
Kofuga pulaka - cleaned pulaka is cooked in coconut cream wrapped in banana leaves.
Faalifu - cleaned and boiled pulaka in coconut cream.
Taufagogo - pulaka is cleaned and cut into small pieces, this is then placed inside a scraped green coconut
shell with some coconut cream and toddy and the baked in an earth oven.
Lipilipi/ tokotokoi - small pieces of baked pulaka is mixed with boiled coconut cream.
Fakapapulaka/ Tulolo - boiled pulaka is pounded until smooth then mixed with pastry of a mixture of
boiled red toddy and coconut cream.
Fekei - grated pulaka is mixed with red toddy and cooked wrapped in pulaka leaves. This is then mixed
with boiled coconut cream.
Nepo pulaka - scraped coconut and boiled pulaka is pound together until smooth and then mix with water
first followed by toddy.
Solo/ Mafu - grated pulaka cooked covered with banana leaves as in preparation for fekei.
ValuValu pulaka - grated pulaka is mixed with water and toddy placed inside a scraped green coconut and
baked.
Source: Iese (2005)

Pulaka conservation is essential part of the life of the Pacific people and in particular to
the Tuvalu community as seen in the older men’s enthusiasm in planting pulaka (swamp
taro) everyday (Lauti and Area, 2001). Feldman and Kahan (2007) supported the idea of
pulaka conservation in order to overcome food crisis which brought about projects
related to salt tolerant pulaka species.

2.3.Climate change and giant swamp taro
Moorhead and Chater (2011c) supported that agriculture which we are highly dependent
on is also under threat from climate change and there is no doubt that global systems will
have to acclimatize. Climate change is a global issue that has brought the attention of the
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international community to consider its origin and impacts to the global environment and
communities.

The United Nation Framework Convention on Climate Change

(UNFCCC) as a leading agency is now placing great effort on the issue through
enormous numbers of Environmental Scientists to consider the issue and work for viable
solutions.
It was revealed in a recent study by the Pacific Climate Change Science Program
(CSIRO, 2011) that Tuvalu’s future climate will continue to: increase in temperatures
with more very hot days; rainfall patterns will be changed to more extreme rainfall days;
there will be less frequent but more intense tropical cyclones; sea level rise will continue
to rise by a range of 4-14cm by 2030 based on a high emissions scenario; and ocean
acidification will continue to increase. In collaboration with this study, the Tuvalu
NAPA (Tuvalu, 2007) substantiated that Tuvalu is facing challenges exacerbated by
climate change through: “i) Coastal erosion, saltwater intrusion and increasing vector
and water borne diseases due to sea level rise; ii) Inadequate potable water due to less
rainfall and prolonged droughts; iii) Pulaka pit salinisation due to saltwater intrusion;
and iv) Decreasing fisheries population”. In addition, Cai et al. (2012) confirmed that the
displacement in the position of the South Pacific Convergence Zone (SPCZ) has trigger
radical changes to hydroclimatic settings as well as frequency of severe weather events
like floods, droughts and tropical cyclone in vulnerable island countries in the Pacific
region. Given these findings, Tuvalu food crops and in particular pulaka will continue to
suffer from the adverse effects of climate change if precautions are not taken now.
From the report on the Evaluation and Regional Synthesis of National Assessment of
Vulnerability and Adaptation to Climate Change (SPREP, 1997) highlighted that given
the limited land area and low elevation of habitable lands of the Pacific Countries, the
direct and acute impact of climate and sea level change will be increasing threats of
flooding, inundation and coastal erosion as well posing risks to the entire global coastal
living communities, infrastructure and ecosystems. These threats will be intensified when
associated with storms, storm surges and high tides that will lead to the reduction of
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subsistence and economic agriculture production of crops such as taro and coconut, as
well declining the safety of potable water and other water provisions.
Atu et al. (2011) confirmed that pulaka is the only crop that illustrated a high degree of
stress throughout the country during the period of the prolonged drought in Tuvalu from
around June 2010 to the last quarter of 2011. Their findings revealed that adverse effect
to pulaka has been caused from salinity and heat of the sun and the main symptom
associated with these causes is the drying up of leaves from the edges moving in. SPC
(2011) agreed that the dry situation in Nukulaelae was the worst as salt is coating the
ground where pulaka used to grow which affected the huge bulk of pulaka pits although
Cyrtosperma chamissionis species can stand a maximum temperature of 35-38°C
(Manner, 2010). The Nukulaelae Kaupule (2010) report confirmed the situation to be the
worst one ever approached to devastate food crops and in particular the most important
traditional crop pulaka. On the other hand, Webb (2007) added that if there is no further
research is done on pulaka sensitivity yield decline due to increasing salinity, then the
consequence could be pit abandonment.
Nukulaelae Kaupule (2012) reveals that it is apparent that apart from other ordinary
traditional crops like breadfruit trees and coconuts being adversely affected, pulaka had
been worse affected causing the traditional staple diet poor. It was discovered through
photos taken (Figure 6) that some pulaka pits were wiped out during the prolonged
drought with corms being rotten. Additional effects as reported include dying coconuts
and breadfruit trees. The main crops grown on atolls comprise of coconuts (Cocos
nucifera), breadfruit (Artocarpus altilis) and giant swamp taro (Cyrtosperma
chamissonis) (Wairiu et al., 2010). A similar case was seen in giant swamp taro (babai)
in Butaritari when the pits were abandoned due to sea water intrusion (Tebano et al.,
2008).
In relation to the catastrophic event, natural refurbishment after several precipitation, and
manual effort of re-establishment, Figure 8 below attempt to illustrate these scenarios.

18

Figure 8. Situation of pits during and after the drought in 2010-2011.
Left: Damaged pulaka. Middle: Pulaka begin to grow after recent monthly rains. Right: A farmer set off
cultivating his devastated pulaka pit in Nukulaelae.

It was underlined by Rao et.al. (2010) the fact that Tuvaluan farmers assumed that saltwater intrusion due to sea level increase has caused a decline in pulaka production. Given
this assumption, Rao (ibid) adds that the effects of climate change may increase the
mixing of salt water and fresh water at the transition zone; however, Webb (2007) and
Rao (2011) conduct specific assessments on water quality in pulaka pits in Tuvalu and
interpret that there exist salinity levels on all the islands. While climate change and sea
level rise have been suspected by farmers to decline pulaka production, Rao (2011)
emphasised that there are also anthropogenic influences contributing to the issue that
have not been investigated. Some of these influences may include: the migration of pit
owners out of the country and within islands; pressure due to population increase; shift on
food preference to imported foods; land dispute and infrastructure development. There is
no scientific data so far to back up these uncertainties.
Carty (2012) highly expressed the point that the impact of climate change on food
production is already seen and getting worse as climate change gathered pace. Drought
was confirmed in this report as the main cause of food instability and increase of food
prices which also supported by Reynolds (2010). Furthermore, the Food Agricultural
Organisation (FAO) (FAO, 2011) highlighted the fact that climate change had changed
agro-ecosystems of the Pacific in the coming decades along with evidences on crop
failures in some countries. Therefore proper adaptation and mitigation measures must be
top priority for all countries in the region. Further findings as revealed by Kawai et al.
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(2010) and Eschenbach (2004) elaborated that globalization and sea level rise from global
warming had been responsible to salt intrusion thus affecting local communities and
natural environment such as the growth of giant swamp taro.
Atoll islands like Tuvalu are very fragile to the impact of climate change and sea level
rise. One of the observable facts that the people of Tuvalu are threatened of is the amount
of coastal erosion as a result of climate change variations and the rise of sea level.
Furthermore Rao (2010) and Webb and Kench (2010) reported that the increase in sea
level will consequently cause coastal erosion which in turn will contribute to the loss of
land and shrinkage of groundwater lens. However, White and Falkland (2010)
emphasized the fact that coastal erosion is occurring as a result of severe events like
cyclones and king tides associated with strong currents.

2.4.National policies overseeing climate change
The following policies have been recognised in this study to highlight significant
importance in drawing out focus on traditional crops and specifically pulaka. On the
other hand, this research is in line with national policies.
The Government of Tuvalu’s (Tuvalu, 2011a) National Strategy on Sustainable
Development (NSSD) (Te Kakeega II) highlighted its key objectives that agriculture will
reverse the decline in subsistence agriculture production and increase production and
consumption of local produce as well mitigate the impact of climate change. Similarly,
the Environment Department has developed a national climate change adaptation and
mitigation policy to help increase conservation areas. These core sectors are anticipated
to ensure environmental quality, linking to food security in which pulaka, Tuvaluan
staple food is targetted.
The Tuvalu National Environment Management Strategy (Tuvalu, 1997) aims to: (i) keep
global warming on the international agenda; (ii) monitor sea levels; (iii) recruit an
Environment Officer; (iv) undertake Environment Impact Assessments (EIAs); (v)
establish an Environment Protection Act; (vi) improve waste management through the
implementing of Water and Sanitation Plan; (vii) fill the Funafuti borrow pits with
20

sediments dredged from the lagoon; (viii) continue the second phase of the coastal
protection projects; and (ix) train Meteorological Division Scientific Officer on
forecasting tropical cyclones.
The more focus policy on climate change called the National Adaptation Programme of
Action (NAPA) has identified 7 major project profiles for implementation under the
Global Environmental Facility (GEF) assistance through the Least Developed Countries
Fund (LDCF) which governed under the UNFCCC (Tuvalu, 2007). These project profiles
are listed in Table 5 below of which the second profile targets the issue on pulaka.
Project profiles 1, 2 and 3 are currently under implementation and it is worth noting that
different islands have different preferences and priority. Nanumea, Nui and Vaitupu
prioritise water supply as their major issue; Nanumaga, Niutao and Niulakita indicated
food security as their problem to be addressed first, while Nukufetau, Funafuti and
Nukulaelae identified coastal erosion as their first priority. The Government through the
Department of Environment and under close association with the Public Works
Department, Agriculture Department and the Local Government are currently
implementing profiles 1,2 and 3.
Table 5. Project profiles from the Tuvalu NAPA.
1 Coastal: Increasing resilience of Coastal Areas and Settlement to climate change
2 Agricultural: Increasing subsistence pit grown pulaka productivity through introduction of a salt-tolerant
pulaka variety
3 Water: Adaptation to frequent water shortages through increasing household water capacity, water
collection accessories, and water conservation techniques
4 Health: Strengthening of Community health through control of vector borne/climate sensitive diseases
and promotion access to quality potable water
5 Fisheries: Strengthening of Community Based Conservation Programmes on Highly Vulnerable nearshore Marine Ecosystems
6 Fisheries: Adaptation to Near-Shore Coastal Shellfish Fisheries Resources and Coral Reef Ecosystem
Productivity
7 Disaster: Strengthening Community Disaster Preparedness and Response Potential
Source: Tuvalu NAPA (2007).
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The more recent Tuvalu Climate Change Policy called “Te Kaniva” identified 7 major
goals of which Goal 1 aims to strengthen adaptation actions to address current and future
vulnerabilities which focuses on the assessment and analysis of salt and/or heat tolerant
food crops (e.g. pulaka) and tree species for coastal protection as one of it strategy.
However the expected outcome of this particular strategy is to address food security.
Table 6 below illustrated the 7 goals.
Table 6. Te Kaniva major goals.
Goal 1: Strengthening Adaptation Actions to Address Current and Future Vulnerabilities
Goal 2: Improving Understanding and Application of Climate Change Data, Information and Site Specific
Impacts Assessment to Inform Adaptation and Disaster Risk Reduction Programmes
Goal 3: Enhancing Tuvalu’s Governance Arrangements and Capacity to Access and Manage Climate
Change and Disaster Risk Management Finances
Goal 4: Developing and Maintaining Tuvalu’s Infrastructures to Withstand Climate Change Impacts,
Climate Variability, Disaster Risks and Climate Change Projection
Goal 5. Ensuring Energy Security and a Low Carbon Future for Tuvalu
Goal 6: Planning for Effective Disaster Preparedness, Response and Recovery
Goal 7: Guaranteeing the Security of the People of Tuvalu from the Impacts of Climate Change and the
Maintenance of National Sovereignty
Source: Tuvalu Climate Change Policy (Tuvalu, 2011d).

The Tuvalu Millennium Development Goals (MDGs) report emphasised the four main
targets highlighted under Goal 7: Environment Sustainability which are are: (i)
commitment to use environmental resources on a sustainable mode; (ii) protect
biodiversity and improve water resources storage; (iii) access to safe drinking water and
sanitation; and (iv) improvement in the proportion of the population living in slums and
in particular on Funafuti where the population density is high (Tuvalu, 2011b). The issue
of pulaka is deemed to be addressed under Targets 1 and 2.
Tuvalu National Biodiversity Strategic Action Plan (NBSAP) (Tuvalu, 2011c) developed
as an obligation to meet the Covention on Biological Diversity procedures has a vision
that by 2020 Tuvalu would have a clean and healthy environment, full of biological
resources where the present and future generations of Tuvalu will continue to enjoy the
equitable sharing of benefits of Tuvalu abundant biological diversity as expressed in its
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vision. Its main goals are illustrated in Table 7 below. Goals 3, 4, 5 and 6 are relevant to
the issue of pulaka.
Table 7. Tuvalu NBSAP goals.
1. Prevent air, land and marine pollution
2. Control and eliminate invasive species
3. Rehabilitate and restore degraded ecosystems
4. Promote and strengthen conservation and sustainable use of Tuvalu’s biological diversity
5. Recognize, protect and apply traditional knowledge, innovations and best practices in relation to the
management, protection and utilization of biological resources
6. Protect terrestrial and marine wildlife
7. Protect the seabed and control overharvesting in high seas and territorial waters
Source: Tuvalu NBSAP (Tuvalu, 2011c).

2.5.Freshwater and pulaka pits
Freshwater is the most essential element for pulaka growth in which Manner (2010)
pointed out that giant swamp taro is a water loving plant (hydrophyte) that can be adapted
to fresh or brackish environments in naturally man-made swamps, coastal swamps and
holes in the ground or hollows. In addition, Englberger et al. (2005) expressed the
experience of farmers that giant swamp taro can grow upward (ie; leaves, petioles and
corms are growing upwards) and downward (ie: pulaka corms usually grows downward
into the ground) and this can be contrasted to the Colocasia taro that grows upward only.
However, on Funafuti at Fongafale pulaka pit, Webb (2007) illustrated that a salt tolerant
type of Colocasia taro, had been abandoned as a result of saline invasion in the course of
high water episodes. He further recommended the use of a guide for salinity tolerance
ranges for giant swamp taro for Tuvalu as shown in Table 8 below. In the case on the
island of Butaritari in Kiribati, Mourits (1996) stated that water conductivities of around
3300-5000 µS/cm had contributed to crop failure resulting in pit abandonment.
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Table 8. Guide for C. chamissionis salinity tolerance ranges in Tuvalu.
Conductance (μs/cm)

Condition of pulaka

≤ 1,000

Ideal Growing Conditions

1,000–2,000

Tolerable growing conditions

≥ 3,000

Crop decline and failure
Source: Manner (2010), pp.5 and Webb (2007).

It has been reported in the past that giant swamp taro can stand at the rate of up to 33005000 µScm as confirmed by Dunn (1976), Manner (2009) and Webb (2007). Then Webb
cited Falkland (1999) suggested that an upper salinity limit for portable atoll groundwater
is as ≤ 2500 μS cm-1 as stipulated in Table 9 below. In spite of this, Webb (2007) and
Rao (2010) said that studies conducted in Funafuti indicated that a particular variety of
‘pulaka kula’ can with-stand saline conditions and therefore are plentiful in Funafuti.
Table 9. Comparative conductivity value guidelines developed by Falkland (1999) for coral atoll
groundwater lenses.
Type of Water

Typical

conductivity

-1

range

Approximate

(µScm )

equivalent (ppt)

Rainwater

40 - 120

≤1

Very fresh groundwater

250 - 500

≤1

Fresh groundwater

500 - 1 500

≤1

Limit of freshwater

1 500 – 2 500

≤1

Mildly brackish water

3 000 – 5 000

2 – 3̽

Brackish water

5 000 – 10 000

3 – 5̽

Very brackish water

10 000 – 25 000

5 – 15

Highly brackish water

25 000 – 50 000

15 – 33

Salt water

50 000 – 55 000

33 – 37

salinity

̽An approximate, intuitive guide to salinity concentrations is human ability to detect (taste) salt in water.
This usually starts 3.0 to 4.0 ppt however there is considerable variation in ability between individuals.
-1

Note: cm - microsiemens per cm; ppt – parts per thousand

The source of most freshwater is from precipitation in the form of rain, mist and snow.
Normally pure water has a pH of relatively 7 at 25°C. In addition, numerically,
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freshwater can be defined as water less than 500ppm of dissolved salts. The following
Table 10 expressed the numerical definition. White and Falkland (2010), Webb (2007)
further elaborated that rainfall is highly important as a recharge to groundwater and that
could influence the results obtained during sampling.
Table 10. Water salinity based on dissolved salts.
Fresh water

Brackish water

Saline water

Brine

˂ 0.05%

0.05% - 3%

3% - 5%

˃ 5%

Source: Webb (2007).

Stewart (2005) highlighted that Tuvalu fresh water lens depend completely on rainwater
with contamination being occurred as result of salt-water intrusion from storm action and
high tides. Such contamination has reduced land’s efficiency in most of the islands in
Tuvalu. This was confirmed by the Intergovernmental Panel on Climate Change - IPCC
(2012) that small islands will be extremely vulnerable to rainfall due to changes and
disparity in climate, coupled with limited water resources availability and limited size.
This includes increasing severe coastal high water due to an increase in mean sea level as
a result of anthropogenic influence. The rising temperatures and sea level rise are
believed to have negative impacts on the coastal ecosystem and the associated
biodiversity like pulaka (Hay and Sem, 2000). For this reason, people grow taro in
buckets to protect them from salt water (personal conversation between Stewart and
Siuila Toloa). Shen and Gemenne (2011) argued that regular flooding, seawater
inundation and salinity of soil aggravated the growth of pulaka that made people plant
their pulaka in pots (Paton and Fairbairn-Dunlop, 2010).
Furthermore, Finlay and Wilkinson (1963) confirmed that giant swamp, a staple grown
food crop in the Pacific is under threat and damaged due to seawater incursion. For
instance, in Kiribati, pulaka production was estimated to be reduced due to changes in
fresh water property (Iese, 2005). Tebano et al. (2008) strongly expressed in their
consultation work in Butaritari, that coastal erosion and babai (C. chamissionis) pits
flooding are serious problems and threats to the people of Butaritari. They further
suggested that fresh water was a priority to many islanders which require capturing of
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rainwater and that plans for assistance used to be cancelled out. These may include
investing on water tanks; application of hydroponics for agriculture; obtaining subsidy
for desalinization plants; having proper management of salt intrusion into ground water;
minimizing leakages from main water systems to preserve water during droughts; and
conducting awareness programmes.

2.6.Soil in pulaka pits
Normally giant swamp taro is grown in natural swamp depressions or man-made swamps
prepared by forefathers. The swamps are covered with organic matters that are used as
compost that develops muddy soil containing extreme organic proportion (Thaman, 2002;
& Iese, 2005). Different countries have their own ways of preparing pulaka pits. In
Guam, farmers pay more attention to the preparation of pits soil for planting, or else land
is cleared and direct planting is applied with suckers from preceding harvest (Manner,
2010; Rao et al. 2010). In Palau Mesei system, the soil is composted through mulching
and turned over. In Rewa province in Fiji, no preparation was done but pulaka is planted
directly on favourable soil (Iese, 2005).
Studies have confirmed that coral atolls soils are build up of two layers of volcanic
craters relics. Pleistocene karst of limestone deposit, form the first layer and then the
second layer being established during the Holocene period. This Holocene layer is made
up of unconsolidated calcareous substances like coral sand, coral fragments and
sediments (Rao, 2011; Webb, 2007; White and Falkland 2010). Metai (2002) and
Meturera (2002) supported this information and argued that this makes the soil on atolls
very poor which requires lots of composting when planting pulaka. In this case, local
farmers’ has to add compost frequently to their cultivars to improve growth of pulaka.
Given the successful growth tolerance of giant swamp taro in tropical climate that able to
withstand irregular dry seasons, rainfall variation and endure temperatures of 35-38°C
and temperature of 15°C, the crop is therefore growing abundantly (Manner, 2010). In
some highlands like the Federated State of Micronesia, the Mesei type soil with pH 4.55.5 appear to be high in organic matter and water logged that help develop muddy dark
26

loamy soil coated with alluvial soil of origin. Dechel is another similar soil type to Mesei
with pH of 5.1-7.3, used in Guam to cultivate giant swamp taro. Ngedebus soil is much
different soil type with pH of 6.6-8.4, found in boggy land depressions with gravel, loam
and sand mixture highly used in Ulithi (Manner, 2010).
Webb (2007) reveals that soils on atoll islands are extremely poor providing great
challenges in cultivating any sort of crop. This is substantiated by the experience of many
Tuvaluan farmers like Mataio (2012), pers.comm., who stated that once one lost interest
in adding more manure to pulaka, the lost in quality is dramatic resulting in high
mortality rates of the crop. Barr (1992) explicitly underlined the fact that soils on atolls
originated from carbonate reef-borne substances coupled with their prematurity status.
These therefore contribute to insufficiently developed structure and texture with poor
water holding capacity.
Hagan et al. (2012) confirmed from their recent study on anthropogenic effects on the
physical and chemical properties of subtropical coastal urban soils that urbanization has
been affecting soil properties tremendously. As elucidated by Grimm et al. (2008), the
influence of anthropogenic factors has driven environmental changes and challenges to
sustainable resources and environmental quality. Hagan (ibid) added that socioeconomic
factors such as land occupancy can influence features of tree cover and ecosystem
function that may lead to distress of soil properties. Pouyat et al., (2007) confirms that pH
and soil nutrient contents increase due to the introduction of fertilizers, irrigation and
liming. However, OM (organic matter) and N can be found higher in residential areas,
parks and urban forest due to input of leaf litter and other organic remains. Parent
material is specifically prominence due to its development from different substrates of
distinctive physiographic origins.
In other studies (Scharroba et al., 2012) confirm that enormous soil organisms have
played a vital role in the multi-trophic food webs that are fundamental to biogeochemical
cycles for the benefit of plants. Most soil organisms are accumulated on the topmost soil
horizon which signifies that decomposer food web is minimal in the deep layers.
However, protozoa and nematodes have been recognised to manufacture the prevailing
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food web components at the deeper soil horizon. Given these information, it is clear that
soil biota are not evenly distributed along soil levels and thus provide different soil
resource and species structure. From a collective interview gathered in Tuvalu, all the
interviewees confirmed that the uppermost soil structure is highly rich in nutrients which
forms very dark soil compared to the deep horizon (Taupale, 2012; Laatasi, 2012;
Mataio, 2012; Timo, 2012; pers.com.). In terms of soil nutritional improvement, certain
organisms like microfauna vertebrate of burrowing type, mesofauna invertebrate type and
other micro-organisms plays a vital role in elevating soil profile (White, 2009).
Munns (2002) explains that the present of salt in soil varies at which benefits plant
growth when appropriate level is retained. However, if soil salinity exceeds electrical
conductivity (EC) of 4000 dS/cm, it is said to be saline and unfavourable for plants
growth. At 4000 μS/cm which is equal to 2.34 ppt the threshold of plant salinity
tolerance. Sodium chloride along with other salts such as potassium chloride and
magnesium chloride are the most common composition of soil salinity.
Furthermore, Rogers (1992) confirms that there is no clear genetic relationship of rock to
soil in Tuvalu. This may mean that Tuvalu phosphate deposits can be described as
cemented, atoll phosphate or crust guano which appears to be honey brown phosphate
that bonded and substitute carbonate sand and gravel of atoll islands. It is assured that
smaller amount of phosphate soils are found near pulaka pits and under vegetations at
certain parts of the islands (White and Warin, 1964; Cooksey, 1996; Judd, 1904; and
Sollas, 1904) as cited in Rogers (1992). It is important to note that climate plays a vital
role in the formation of phosphates in atoll islands (Hutchinson, 1950 & Tracey, 1980 as
cited in Rogers, 1992). However, further explanations of Tuvalu soil are mentioned in
Chapter 3, 4 and Chapter 5.

2.7. Chemicals and nutrients requirement for the growth of pulaka
Water and soil are the most essential natural resources (Brady and Weil, 1996) that play
significant roles in the ecosystem which are required by plants (Buol et al., 1997). Sudies
have highlight of substantial regression in soil quality globally due to changes in its
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chemical, physical and biological characteristics couple with contamination by organic
and inorganic substances (Basker et al., 1992). Furtherore, Mengel (1914) provided the
following values as the normal soil nutrient cations in pounds per acre that aid plant
growth successfully:
Calcium (Ca++)

- 400 lb./acre

Magnesium (Mg++)

- 240 lb./acre

+

Potassium (K )

- 780 lb./acre

Ammonium (NH4+)

- 360 lb./acre

Koetke (1993) states that pH is a measure of the activity of hydrogen ion in a solution
that ranges from 0 to 14 (Kellogg, 1937). Pure water pH is relatively 7 at 25°C which
signifies neutral and varies with temperature. As temperature increases, pH decreases.
Solution of less than pH 7 are said to be acidic and above 7 is basic or alkaline. In soil
component, pH plays a significant role in controlling chemical processes to retain the
optimum range of pH 5.5 to 7.0. However, numerous plants have succeeded outside this
range. Some plants releases organic acids around their roots to aid solubilise metal
nutrients such as iron (Fe). Plants grown in acid soil have the possibility to experience
aluminium (Al), hydrogen (H) and manganese (Mn) toxicity with deficiencies of calcium
(Ca) and magnesium (Mg). Aluminium is not a plant nutrient and therefore may cause
toxicity by affecting roots under-developed. pH below 4 usually damage root membranes
(Buol et al., 1997, Brady and Weil, 1996).
Electrical Conductivity (EC) is a shared quantity that measures the ability of a material to
conduct electric current (Vettoor, 2003). Electrical conveyance in electrolytes occurs by
means of atomic ions travelling carrying electrical charge. Distilled water works as an
insulator whereas salt water behaves efficiently as electrical conductor. This indicates
that as the water EC increases, salt rate also increases (Serway, 1998).
Total Dissolved Solids (TDS) is a measure of combined content of organic and inorganic
matters that is contained in a liquid in suspended appearance (DeZuane, 1997, Vickers,
2001). It is used as a sign of visual characteristics of drinking water and as a collection of
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existence arrangement of chemical impurity. The primary sources of TDS are from
agriculture leaching, from soil pollution, sewage or industrial discharge and residential
runoff (Boyd, 2000, Warwick et al., 1999). Pesticides crop up from surface runoff is a
detrimental element of TDS. 500mg/l of TDS has been established as a quality standard
for portable drinking water in the United States.
Salt as indicated by Weller (2002) and Weller and Dumitroaia (2005) is a chemical
compound of ionic salts made up of sodium chloride (NaCl) known as rock salt (halite).
Very essential for animal life and can be destructive to plants and animals when it is in
excess. All living creatures and plants require sodium and chloride for their living in
small quantities (Intakes, 2005). However, Krauss et al. (2000) confirmed that in the US
Dietary Guidelines recommendation reveals that individuals must consume less than
1500- 2,300mg of sodium (3750-5750mg of salt) per day. Salt is used for food seasoning
and preservation as well providing taste (Livingston, 2005).
Temperature as expressed by Kelvin et al. (1851) is a physical property that measures the
general concept of heat; both hot and cold in degrees Celsius (°C) or in Fahrenheit (oF).
0°C usually refers as the freezing point and 100°C is the boiling point. Temperature plays
a vital role in living things that require a balance in temperature or thermal equilibrium
for their appropriate living (Maxwell, 2001, Maxwell, 1897). Temperature also influence
the reactions of chemical occurrence at certain rate however, a few degrees increase is
able to cause harmful reactions consequences. Therefore if temperature rises above or
drop below the mean requirement of all plants, it will most likely cause damages, high
rate of mortality and poor growth. Soil temperature do influence the growth of root
system components, stemming and instigation, growth direction, and root generation.
Sometimes seasonal patterns tend to affect root system expansions in natural soil
arrangement (Kaspar and Bland, 1992). For instance warmer soil advances downward
growth following the downward progression of a particular isotherm.
Magnesium (Mg) as explained by Railsback (2006) is an alkaline earth metal that is
highly soluble in water making it the third abundant element in water. Its ions are very
useful and required by all living cells to influence biological polyphosphate compounds
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as well as aid functioning of most enzymes. It has a sour taste, a common additive to
compost and a metallic ion at the midpoint of chlorophyll. It is suggested by Drueke
(2012) that it is vital to take healthy diet to overcome magnesium deficiency. In plants,
magnesium deficiency produces yellowing between leaf veins, mostly in fully developed
leaves (Bernath et al., 1985). This can be rectified by adding Epsom salts or crushed
dolomitic limestone to the soil.
Phosphorus (P) as highlighted by Whitelaw (1999) is a fundamental plant nutrient which
is in diminutive supply in various agricultural soils. It is a non-metal of the nitrogen
group that present as inorganic phosphate rocks in its optimal oxidised state and subsists
in two major arrangements as white and red phosphorus. Huge amount of phosphorus
composite are used as fertilizers. It is a key element for life that aids the formation of all
cell membranes. Dalal (1977) highlighted that the input of organic phosphorus to
phosphate uptake by plants is minimal in temperate zones whereas is significant in the
tropics. Low phosphate levels in water systems like rivers are essential to growth of
pulaka. Phosphorus composites are commercially sold to produce fertilizers due to the
requirement to substitute loss phosphorus taken up by plants from the soil. White
phosphorus can be converted gradually into red phosphorus through the reaction of light
and heat. However, Chang and Jackson (1957) argued that the availability of phosphorus
to plants depends on the extent of the phosphate surface of various chemical species of
the soil.
Sodium (Na) is a chemical element with soft, silvery-white, extremely reactive metal,
soluble in water and abundance in the atmosphere (Degtyareva, 2010, Klemm et al.,
2000, Denisenkov and Ivanov, 1987). It is a fundamental ingredient that

provide

functional nutrients for plants (Subbarao et al., 2003). It can replace potassium to ensure
osmoticium for cell enlargement and as accompanying cation for long distance
transportation. Liu and Zhu (1998) confirmed that excessive amount of sodium intake
may cause delay or stop plants growth and development. Sodium compounds as
suggested by Eggeman (2007) are enormously commercial significance (Dye et al.,
1974). Some examples of salt are table salt (NaCl), soda ash (NaCO3), baking soda
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(NaHCO3), caustic soda (NaOH) and sodium nitrate (NaNO3). The main abiotic pressure
in agriculture globally that adversely affect crop quality and productivity is the result of
soil salinity (Sanders and Auxier, 1962, Zhu, 2001, Chinnusamy and Zhu, 2004).
Furthermore, Munns (2002) elaborated that salinity lower the capability of water intake
by plants that will ultimately enhance toxic levels in the older transpiring leaves, causing
photosynthesis to stop functioning. Leaf growth is often more reduced than root growth
by salinity, an observable fact that highly recognizable with dry soil (Munns, 2002,
Munns and Sharp, 1993).
Donahue et al. (1977) and Kellogg (1957) highlighted that Potassium (K) is an alkali
metal that is highly reactive in water and oxidizes in air instinctively. It is closely similar
to sodium, as separated from various salts by electrolysis. In nature it appears only in
ionic salts that melt in sea water and is a fragment of numerous minerals. It is essential
for living cells in plants, thus providing nutritional sources in fresh vegetables and fruits.
It is highly used in agriculture as fertilizers globally. Its reaction with water is very risky
due to its exothermic nature and the creation of hydrogen gas. In 1840 Justus Liebig
discovered that potassium is very useful for plants and most soil types lack potassium
thus causing an extreme increase in need for potassium salts. Furthermore, Cope (1981)
reveals that K rate increased on soil with cation exchange capacity (CEC) of even < 5
meq/100 g. This indicating a direct relationship of K to CEC and the applications of 28
kg/ha of K were adequate to produce top yields. Earthworms enhance the availability of
K in changing the equilibrium between the forms of K from relatively un-available forms
to more available forms (Basker et al., 1992).
Calcium (Ca) Donahue et al. (1977) and Kellogg (1957) is a soft gray alkaline earth
metal which is crucial for living organisms cell functioning (Donahue and Miller, 1990,
Kellogg, 1957, Kellogg, 1937). It is reactive with water to produce hydrogen gas that can
cause damages to living organisms. It is also known as lime during the first century when
the ancient Romans produce calcium oxide from lime. Its compound calcium sulphate is
functional for joining broken bones. It is essential in regulating the ripening process of
fruits and post-harvest storage life (Ferguson, 1984). Burstrom (2008) It is required for
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cell elongation in both shoots and roots (Burstrom, 2008) while the combination of
increased supply of calcium and soil pH will advance nodulation (Spencer, 1950).
Usually it is transported to the plant in an exchangeable ions nature and plentiful on the
soil colloids than potassium (Voroney, 2006). However its cationic connection effect
bound to the formation and stability of soil aggregates as well influential for the soil
hydraulic conductivity (Wuddivira and CampsǦRoach, 2007).
Cation-exchange capacity (CEC) as explained by Donahue et al. (1977) and Kellogg
(1957) is the holding capacity of a soil at a given pH in attracting the cations.
Furthermore Deenik and Yost (2006) and Kaspar and Bland (1992) confirmed that clay
and humus plays a major role in this holding capacity and in order to strengthen CEC it is
appropriate to advance the development of humus through the application of compost. As
CEC increase, soil fertility also increases. Soil CEC is highly reliant on the pH of the soil.
CEC vital role for plants is to ensure that the soil contains the appropriate amount of
nutrients like organic materials that are required by the plant. Mengel (1914) and
Voroney (2006) study reveals that the acceptable minimum CEC required for the
production of fertilizers is 80 mmolc/kg, while Liang et al. (2006) confirmed that black
carbon plays a key role in biogeochemical processes in soils as well as contributing to the
high level of CEC in soils. Table 11 below illustrates the cation exchange capacity (CEC)
for soils; soil textures and soil colloids as suggested by Donahue et al. (1977).
Table 11. Cation exchange capacity for soils; soil textures and soil colloids.
Soil

State

CEC meq/100 g

Charlotte fine sand

Florida

1.0

Ruston fine sandy loam

Texas

1.9

Glouchester loam

New Jersey

11.9

Grundy silt loam

Illinois

26.3

Gleason clay loam

California

31.6

Susquehanna clay loam

Alabama

34.3

Davie mucky fine sand

Florida

100.8

Sands

------

1-5

Fine sandy loams

------

5-10

Loams and silt loams

-----

5-15
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Clay loams

-----

15-30

Clays

-----

over 30

Sesquioxides

-----

0-3

Kaolinite

-----

3-15

Illite

-----

25-40

Montmorillonite

-----

60-100

Vermiculite (similar to illite)

-----

80-150

Humus

-----

100-300

Source: Extracted from Donahue et al. (1977) and Kellogg (1957).

Total Organic Carbon (TOC) as elaborated by Donahue et al. (1990) and Kellogg (1957)
is the quantity of carbon attached to an organic compound that frequently used as an
indicator of water quality. In 1970s, it was known as a diagnostic method to assess water
quality in the course of water purification process. In water sources, TOC emerged from
decaying natural organic matter (NOM) and synthetic basis and once NOM level
increases during the disinfection process it will aid for carcinogens in drinking water.
Further study by Later and Thomas (2003) reveals that organic carbon values for subsoil
in Kiribati are always low (<0.5%) and therefore fertility depends on organic matter
supplement. This situation also applies to the situation in Tuvalu.
Nutrient in plant plays a major role in determining the yield and quality of crops. If the
essential elements are not in adequate supply, plant functions will be upset and develop
characteristic symptoms (Thiagalingam, 2000). Amongst these nutrients, phosphate has
been proved by some reachers as the best nutrient to increase yield production (Chaves et
al., 2009). Given these information, atoll islands like Tuvalu would be very benefit to use
phosphate and plentiful compost in their agriculture to eleviate food necessity and
sustainability. The current existing garden executed by the Taiwanese on Funafuti was
noticed to be nurtured with local made compost (ie: mixture of shredded garden waste
and pig excrement) which aid excellent growth and yield to all cultivated veges.
Nonetheless, Chaves et al. (2009) argued that plants regularly lacks atmospheric water
and periods of soil deficits and salinity in their life cycle, therefore, farmers must be
considerate to these situations.
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2.8. Study sites

2.8.1. Niutao
2.8.1.1.

Background

Niutao is a small reef island situated about 6°06’S; 177°20’E (MacLean and Hosking,
1991) and is the third island on the list to the north of Tuvalu. Tuvaluans used to call it
“Te Motu Pukupuku” a round islet/island because of its shape that looks round. It is
shaped like a saucer with a central depression of 57 ha and a reef-top of nearly 80%
(Rodgers, 1992). It has a total land area of 2.43 km2 and approximately 2.41 km long and
1.21 km wide (Dunn, 1976, Rogers, 1992). Niutao is single with no companion islands or
islet(s) next to it nor a guarding reef. It has a circumference of about 3½ miles (Hedley,
1900). Among the effective land area for agriculture is its famous natural swamp called
Te Pela, a favourable area in the past to farm pulaka. Pulaka that used to be farmed in
this natural swamp are always rated to be the best and most delicious pulaka. Niulakita,
located at 10o47’ south and 179o28’ east and about 469 km away from Niutao is part of
the political subdivision of Niutao but have no pulaka on it.
Rainfalls in Niutao are constantly expected from November to April during it wet periods
and have lesser rain from May to October. However, an average rainfall of 2707 mm is
commonly obtained annually (Iese, 2005). The climate is tropical like other islands in the
group. Pulaka pits including Te Pela used to be flooded during the wet periods and badly
dried up during dry periods.
In contrast to other islands, its soil is calcareous and very poor of coralline formation
(Iese, 2005, Maclean et al., 1991); however, there is limited phosphate and rich soil
available for pulaka nurturing. Dark soil is common in the bush where numerous decayed
plants and other organic matter can be found. Pulaka cultivation is often a challenge in
this kind of soil, therefore adding compost frequently is the only way to cultivate pulaka
successfully.
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2.8.1.2.

Population

According to the two population reports, Government of Tuvalu (2006) and SPC (2002)
the population of Niutao was decreased within a span period of 11 years from 1991 (ie:
749 total population) to 2002 (ie: 663 total population) and then increased by 44% from
2002 to 2005 (ie: 707 total population). It was estimated in 2002 that there were more
females (338) than males (310). However the total population suggested from the 2006
report to be active in farming activities from the age of 25-69 years old is estimated to be
around 370 just over half of the total population.

Figure 9. Niutao map showing pulaka pits.
Source: Accessed from Google-earth on 8/03/2013.

2.8.2. Funafuti
2.8.2.1.

Background

Funafuti is the capital of Tuvalu, which lies between 8°30’45” South and 179°13’30”
East a position of due north of Fiji and half way to the equator. It consists of thirty islets
encircling a lagoon of about 12 miles long and 8 miles in width. Furthermore the island is
independently rising from the abyssal floor of the Pacific and not connected by any bank
with other islands of Tuvalu. It is narrow in a pear shape with about 2.43 km2 of land area
(Rao 2011 cited Dunn 1976). On the ocean side of the main settlement there stretch out a
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shingle embankment that was being formed by series of storms and hurricanes. The
highest point on the island was estimated to be just above high tide mark a ground level
of high concern to climate change and sea level rise impacts.
The underground water is brackish with high rate of leaching (Falkland, 1999) that was
suggested to have been contributing to high salt water intake by plants. Given this status,
ground water has extremely depends on rainfall for recharge. According to the
Meteorological Services data, the average monthly total rainfall for Funafuti from 19812011 was estimated to be 284.9mm, an average rainfall that can support plants growth
successfully. However, the wetter months are from December to March.
The soil is very poor so the land was so barren that only supports salt tolerant vegetation
like pandanus “fala” (Pandanus tectorius), coconut (Cocos nucifera), beach heliotrope
(Tournefortia argentea), beach saltbush (Scaevola taccada) and ironwood (Pemphis
acidula) that adequately impenetrable to shade the land (Hedley, 1900). On Fogafale
main settlement, soil is always dry and rock-strewn everywhere with flourishing bananas
just grown on dry ground.

2.8.2.2.

Population

According to the two population reports, Government of Tuvalu (2006) and SPC (2002)
the population of Funafuti was increased by 386 within a span of 11 years from 1991
(3,576) to 2002 (3,962) and then increased again by 272 from 2002 to 4,234 in 2005. It
was estimated that in 2002 there were 2,140 males and 2,113 females revealing more
males than females. In 2006, report showed that people at the aged of 25-69 were active
in farming activities. These numbers were estimated to be around 1,868 or half of the
total population.
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Figure 10. Map of Funafuti showing pulaka pits.
Source: Accessed from Google-earth on 8/03/2013.

2.8.3. Nukulaelae
2.8.3.1.

Background

Nukulaelae (Figure 11 below) is known as a true atoll with a continuous reef enclosing a
lagoon of 5 miles long and 3 miles in width (Hedley 1896). It is situated at 9°22’26”
South and 179°48’35” East (www.Google-earth, accessed on 8/03/2013) with a total land
area of 1.6 km2 (Rao, 2011 and Dunn, 1976). The island is made up of 14 islets (motu)
including Fagaua islet as the chosen residential motu. Fenualago is the broadest motu
with dense vegetation while Niuoku is the longest and Olataga the second longest. All
islets are densely covered with coconut trees. Nukulaelae has a well-known history in
copra trading in the past of which Niuoku was leased by a German Trading Company to
trade copra.
The climate in Nukulaelae is tropical like other islands in Tuvalu and its rainfall follows
rainfall patterns of its neighbouring islands Funafuti and Niulakita. Its wet periods begin
from November to March in the following year. However rainfall patterns in the past four
years have been deficient leading to a prolonged drought from around June 2010 to
October 2011 causing devastation to pulaka pits, coconuts, breadfruits, bananas and other
food tree crops. It was reported (Nukulaelae Kaupule, 2012) that this drought was the
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first prolonged drought to ruin all food crops and instigate hardship to the livelihood of
the people.
The soil like other islands is calcareous, infertile and very dry. However, there is dark soil
commonly found in the bush under thick vegetations and coconut trees where abundant
of decayed plants and other organic matters can be found.

2.8.3.2.

Population

According to the two population reports, Government of Tuvalu (2006) and SPC (2002)
the population of Nukulaelae increased by 40 people within a span period of 11 years
from 1991 (353) to 2002 (393) and then decreased instantly by 103 from 2002 to 290 in
2005. It was estimated that in 2002 there were 182 males and 199 females showing that
there were more females than males. The age of 25-69 that active in farming was reported
in 2006 to be half of the population. The current active population in farming was
estimated to be very inconsistent throughout the year due to people movement to the
capital Funafuti seeking for jobs or participation in national activities like sporting and on
medical purposes. The entire population is predominantly Polynesian origin, culture and
social orgnisation with some influence from Kiribati (Besnier, 1990). Given the
smallness population on the island, it is therefore important that people do not leave the
island at longer periods as it may lead to abandonment of pulaka pits.
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Figure 11. Map of Nukulaelae showing pulaka pits.
Source: Accessed from Google –earth on 8/03/2013.
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Chapter 3
3. Community perceptions on vulnerability, impact and adaptation
of cropping system to climate change and extreme events
3.1. Introduction
The vulnerability of pulaka is a big issue and the study wanted to find out what the risks
to the growth of pulaka. To enable this, the study gathered primary information from
farmers by interviews and questionnaires as elaborated in the methodology below.
Although the study was only confined to the three islands, however views of farmers and
community members from other islands were also captured by the use questionnaires.
Adaptation and other coping mechanisms on food crops and in particular pulaka were
key information captured in the study.

3.2.Methodology
The methodology employed to obtain data related to community perceptions on pulaka
include:
(i) A pre-survey on Funafuti Island was carried out not only to some members of the
three study sites who reside on Funafuti, but also to other members from the other
islands and government officers from the Agriculture Department. The designed
questionnaire (Appendix 1) was used and piloted during this pre-survey.
(ii) A survey using an interpreted questionnaire (Appendix 1) was conducted on Niutao,
Funafuti and Nukulaelae (the three study sites) to investigate the local community’s
perceptions of vulnerability impact and adaptation or coping mechanisms of food
crops to climate change and extreme events. About 20 farmers at the ages of 29 to
above 60, both male and female from each study site were interviewed. Their
perceptions captured may not be comprehensive or representative. Therefore in an
attempt to achieve more representative information, youths and students of Form 2 in
Niutao, Funafuti and Nukulaelae were interviewed. The survey was conducted as
follows:
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x

Survey and interview with farmers:
There were twenty farmers who were randomly selected from the 3 islands study
sites were interviewed. The interview was conducted in an informal traditional
way of conversation in order to ensure that the farmers did not feel being
embarrassed. Including in the interview were some minor discussions on local
knowledge regarding climate change. The interviewees were approached as they
willing while in their pulaka pits or having relaxation in their refreshing habitats.
On the other hand, it was suggested to obtain views of farmers from other islands
and to cover the USP Global Environment Climate Change Alliance (USPGCCA) project sites. As a result, a short version survey questionnaire (Appendix
2) was developed and distributed through the Pacific Center for Environment and
Sustainable Development (PACE-SD) in-country project Coordinator in Tuvalu
and managed to obtain feedbacks only from Nanumea, Nanumaga, Funafuti and
Nukulaelae.
The main focus of the survey questionnaire includes a range of issues that try to
address the main objectives of the study such as the types of pulaka grown, how
pulaka was grown, problems due to the impact of climate change and salt
intrusion and other natural concerns, diseases, general use, adaptation measures,
recipes used for pulaka, harvesting time, cultural importance, reasons of
abandonment and other information that could be captured from interviewees.

x

Focus group discussion:
o Discussion with Form 2 students in their classrooms:
The purpose in selecting Form 2 students for a group discussion was organized
from the fact that they are future farmers. So, in conducting such discussion, an
informal request was submitted to the Head Teacher Primary Schools in
Nukulaelae and Niutao requesting to have a time with Form 2 students
(considered as mature learners) to informally discuss their perceptions on the
impact of climate change and sea level rise on pulaka. At least a one hour
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classroom informal discussion was conducted with the present of their class
teachers (Figure 17).
For the sake of the Funafuti Primary School Form 2 students, since they were on
holiday during the research period, individual students were approached and
informally discussed with them at their homes or at public places as they willing.
The format of discussion was in a normal informal discussion where we introduce
ourselves then I convey the objective of the study and started off with climate
change and pulaka issue questions considered in the questionnaire. Different
views were discussed, explained and shared even teachers presented their views.
o Interview with youths:
Youths are selected as they are the next farmers and also some of them are
currently working in pulaka pits. Ten individual youths from each of the 3 study
sites were approached and discussed informally with them and share views on the
impact of climate change and sea level rise on pulaka.
The format of discussion follows the one executed with students on Funafuti and
the questions discussed were based from the questionnaires.

3.3. Result of the questionnaires and interviews

3.3.1. Processing of pulaka to food
There are various traditional recipes in cooking pulaka as tabulated in Table 12 below.
However, the most prominent recipe highly used in any occasion is the “fekei” as
highlighted in chapter one. The island of Nukulaelae is famous and well known in
cooking fekei.
Table 12. Popular traditional foods processed from pulaka in Tuvalu.
Traditional name of food

Recipe or Preparation

Pulaka tao/taopaku (baked)

x

Peel off the skin, cut into two or four pieces and bake in an earthen oven
(umu).

x

Nukulaelae people have a special baking method as the pulaka is dipped
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into freshwater then put direct into the oven to bake. This makes the
corm looks fresh in white colour, cooked well and yummy taste instead
of being overcooked.
Kofuga pulaka

x

Peeled pulaka wrap with banana or pulaka leaves then baked with
coconut cream. Usually used during weddings, celebration of new born
babies or when having picnics on the islets with existing pulaka pits.

Falifu pulaka

x

Boiled pulaka with coconut cream. The pulaka is boiled to cook then add
some coconut cream. Some flour can be added to thicken the coconut
cream.

Taufagogo/Kaopulaka

x

Cut out top part of a husked green coconut shell; remove flesh using a
spoon or stick. Cut peeled pulaka into smaller pieces and put them inside
the coconut shell, pour coconut cream inside, add some toddy (kaleve),
cover top of shell and bake in earthen oven.

Lipilipi or fakapaa-pulaka

x

Bound cooked pulaka until flat, then mixed with ready-made cream (a
mixture of boil coconut cream and red toddy). You can stack the pieces
over the other.

Tokotokoi pulaka

x

Bake pulaka first then slice them into smaller pieces. Add boil coconut
cream and mix. You may add normal flour to thicken the coconut cream.

Tulolo pulaka

x

Boiled pulaka is mixed with boil coconut cream.

Tagana/Nekeneke

x

Bake or boil pulaka is bound with crated coconuts, if soften then mix
with toddy (fresh boil toddy or mixture of red toddy with water).

Fekei pulaka

x

A very common dish for every occasion. Crate peeled pulaka, mix with
red toddy proportionately then wrap with pulaka leaves.Bake for 2-3
hours in the earthen oven. Mixed with fresh coconut cream consistently
while hot until properly mixed and tasteful.

Nepo pulaka

x

Bound cooked pulaka with crated coconuts until powder, then mixed
with water and then fresh toddy or boil toddy until produce a
proportionate sweet taste and soft like baby food.

Solo/Mafu pulaka

x

Crate peeled pulaka, mixed with red toddy proportionately then wrap
with pulaka leaves and bake. The solo/mafu can be kept for weeks or
months in the freezer.

Valuvalu pulaka

x

Crate peeled pulaka, mix with toddy and some water till smooth, pack in
coconut shells and bake.

Fausi pulaka

x

Cooked Solo/Mafupulaka is sliced into pieces/cakes, then mix with
boiled coconut cream. You may sweeten the coconut cream with red
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toddy.
Tao fakaafulu or Vanikipa in

x

Nui

Peel pulaka, stack into the big size pot, add fresh or boil toddy with
some water and coconut cream, then cook in the earthen oven overnight.
The Nui people call this method “TeVanikipa”due to history record (ie:
people after the WWII found cylindrical containers from aeroplane
wrecks, halved them and use as pots to cook their pulaka overnight.

Tolo/Kaputolo

pulaka

in

x

Nukulaelae

Bake pulaka, bound to smooth and mix with boil coconut cream. You
may add red toddy to sweeten the coconut cream. Nukulaelae people use
to prepare this kaputolo pulaka during picnic occasions at Motutala Islet
where they have their pulaka pit.

x

Likoliko holomua in Nanumea

Boiled pulaka or left over is sliced into small pieces, dried under the sun
for two to three days then kept in basket containers for later use when
required. When re-cook it, add little amount of toddy and water in a pot,
spread over the likoliko holomua then leave to boil. Make sure you only
have little amount of water in the bottom of the pot, then add coconut
cream to form a sauce and stir for awhile to boil the coconut cream.

Source: Improve list from Iese (2005) thesis.

3.3.2. Use of pulaka parts
Parts of the pulaka are all useful in many ways as described by the farmers. Table 13
below illustrates the ways of using different parts.
Table 13. Uses of parts of the pulaka.
Part of the Pulaka

Uses

Corm

x

Food in various cooking/preparations as indicated earlier in Table 12.

x

Traditional competition called nafa.

x

As gift for weddings, birthdays, funeral, etc.

x

As offerings during island communities or national traditional occasions.

x

To breed new seedlings through slicing the corm into pieces and nurture them to
get new growths.

Corm peelings

x

Pig feed. Usually the pulaka is properly washed to get rid of the dirt before
peeling. The peelings then boiled with water and fish guts when available.

Petiole

x

Composting (taken back to the pit for compost).

x

Rope or string when dry up.

x

Mat weaving when dry.
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x

Medicine as used in other countries (Iese, 2005).

x

Compost (cut in pieces or left dry and then buried).

x

Use as toy (green petiole is shaped as a canoe, gun, baby doll, and other form of
toys).

Leaf

x

Flower vast (the green petiole of about 30cm is used to stick on flowers).

x

Pig feed.

x

Food wrapper.

x

Umbrella.

x

To cover earth oven.

x

Plate.

x

Compost.

x

Drinking bowl.

x

Dancing skirt.

x

Used in Nanumea as a form of aroma on traditional garlands and dancing skirts
(titi maile). The dry leaf is mixed with sea worm called “ponuponu” with smear
of traditional oil. The mixture is then flamed to form smoke on a fireproof plate
under a covered mat and over the smoke is a stand with load of traditional
garlands and dancing skirts. Normally this traditional practice is performed on
special occasions like first born baby, weddings, birthdays, and other special
commemorated events.

x

Kaboeari medicine in Nui (sniff to boil water mixed with brown leaves and
maile and traditional oil).

x

To form a pot-like structure to bake pulaka and taro with coconut cream mixed
with water and toddy – called ‘te bota’ in Nui.

Source: Improved list from Iese (2005).

3.3.3. Food crops, cultivation and cropping systems
3.3.3.1.

Common food crops in Tuvalu

The following Table 14 illustrates the common food crops in Tuvalu, their use and how
they are planted. There are various ways in growing them from simple to complicated
methods. However, individual families have their own traditional knowledge to apply.
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Table 14. Common food crops grown in Tuvalu
Crops

Use

Giant swamp taro

x

“Pulaka”

Method of planting
x Sinking method where you dig

Corm:
o

For

(C. chamissonis)
o

traditional

daily food.

organic matter (rotten or green)

For gift and as contribution

and continue adding it monthly

to families gathering or

to keep your pulaka grow

other important gathering

progressively.

(feastings,

weddings,

birthdays,

funeral,

community

celebrations,

etc).
o

Traditional

game

called

those

ikalaoi)

pulaka
grown

(mostly
for

the

traditional game (nafa), they

in adding the right amount of
compost and soil every month.

For token of appreciation to

Pulaka grown for daily foods are

outsiders been working for

just planted at required spots and

the benefit of individual

left to grow by themselves. Just add

families

soil around them to keep them

or

to

the

community as a whole.
x

x For

have to be attended more often

“nafa”.
o

down to the water lens, add

growing till they are harvested.

Used of parts:

Adding rich soil to these pulaka

o

from time to time is the only best

As indicated in Table 14.

way to keep them growing fast.
Taro

x

Corm: a traditionally daily food.

“talo”

x

Food – suasua (crated taro,

(Colocasia esculenta)

baked and mixed with coconut

x Prepare a raised bed to grow
them.
x When start growing, add green

cream when cooked). Suasua is a

manure

prominent food on the Island of

surrounding of each taro and

Nui especially during first-born

leave it to rot. After a week or

babies. It is customary that sisters

two when this green manure is

and cousins of the baby’s father

rotten, you then take away the

would bring gifts for the baby

hard pieces from the rotten

and it is also customary that they

manure, spread it evenly around

have to be fed with suasua –

the taro, compacted it a little bit

made from taro from the baby’s

and cover it with thin layer of

father’s farm. It is a time that the

rich black soil. You continue
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(kaiao)

on

the

x

father has to showcase his talent

applying this process until the

and expertise in growing taro.

pulaka is ready for harvest after

Leaves: Used for food in the

about six months or so. Can be

form of palusami and rourou;

less than six months harvesting

good

depend on the method used for

compost

when

rotten;

covering of earthen oven and

cultivation.

food wrappers
Coconut

x Food and drinks from green and

“niu”

brown

(Cocos nucifera)

germinating

o Some farmers planted in pits of

and

from

1m2 and 1m deep for each tree

The

white

filled with compost till half way

component from the very top part

up. Iron in the forms of empty

of the trunk formed by immature

cans or other rusted scrap metals

leaves called “takale” is also

are added into the compost to

edible.

enhance growth rate and to bear

coconut
nut.

x To cut toddy, the very famous
talent

of

Tuvaluans

and

I-

fruits quickly. Well spacing and
avoidance of shade is very
important.

Kiribati.
x Copra – coconuts are dried under

o Other farmers they just dig a

the sun till dry or baked in a

small pit close to the surface

special made oven.

ground layer that can only

x Shells are used to make cups,

conceal the nut, then cover it

forming toddy shell/containers,

with

producing

farmers just stick a scrap metal

handicrafts

and

decorations in various ways.
x Rotten stem is the best compost

soil.

Sometimes

into the nut and bury it to grow.
o Other farmers take advantages of
fallow

for all plants growth.

black

well-grown

young

x Fire wood from dry leaves, stem,

coconuts in their land plots and

shells and husked cover of shells.

keep nurturing them to grow
well.

x Building construction:
o Stem chopped to required
sizes for timber to construct
houses

or

manufacture

furniture and handicrafts, or
whole stem used as posts.
x Leaves are used to make thatches
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for

house

roofing,

weaving

baskets, mats and blind screens,
making handicrafts of various
sorts

(fans,

traditional

ball

“ano”, etc), broom, tooth-pick,
kids sport by making a single leaf
to form a sail like canoe to play
at low tide during windy days.
x Green husks are used to make
string through submerging them
in the sea for a month or more to
soften and then extract the fibers
to make string. The fibers are
also useful for other handicrafts.
Its juice is used for medicine.
Breadfruit

x Food.

x Some farmers grow them in pits

“mei or mai”

x Medicine.

(Artocarpus altilis)

x The sticky juice emanating from

like growing coconuts.
x Other

farmers

just

take

the trunk when gashed is used as

advantages of fallow growing

a glue to fasten handicrafts.

breadfruit trees.

x Leaves are common compost for

x There are breadfruits that have

pulaka, used for food wrappers

seeds to grow young trees, while

and plates, covering of earthen

others are grown from chopped

oven, fishing container to wrap

roots

bait, hat, kite, fan.

agricultural techniques.

or

through

using

x Fire wood
x Canoe
x Timbers
x Ripe

common

x Usually a branch was chopped,

“fala”

nutritional diet. Can be chewed

trim the leaves and plant the

(Pandanus tectorious)

directly or each fruit is sliced

cutting directly without compost

(edible varities like:

finely and cooked in various

at the site you wanted. This is

tina

kaleve,

recipes. Nui people like the I-

the common planting process

ilibionga,

Kiribati people are experts in

that was highly practiced.

Pandanus

magatalo,

ika taa, te tina, etc)

fruit

is

a

cooking various recipes.
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x The seeds from ripen fruits are

x Brown leaves can be used for
house

roof

thatches,

mats,

constantly considered not to be
grown

because

once

they

women belt “vene”, baskets,

mature, they change entirely and

trays, other types of handicrafts,

no longer become the same

peeled fine sheet for tobacco

variety.

wrapper for smoke, woven to
form a basket-like object that can
be used to hold compost for the
growing of pulaka.
x Green leaves are used by women
to make special fabulous mats.
The leaves are partly warmed
over the fire, then sun-dried until
turn white to brownish color to
be ready for mat or other
handicrafts. Kids used the green
leaves to craft out their canoe
toys and other special traditional
games. Weaving balls (ano) for
kids.
x The

trunks

are

magnificent

timbers for house constructions
which can last for ages when kept
dry under the shade. Whole trunk
is used as a top plate and as
rafters, while sliced pieces used
for purlin.
x Inner component of the trunks
and branches, rotten fruits and
leaves are of great compost.
x Firewood.
x Medicine.
Banana

x

Food.

x Farmers planted it direct into the

“futi”

x

Medicine.

soil in pulaka pits then used the

(Musa)

x

Compost.

surrounding to dump any debris
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x

Leaves used as wrappers, plates,
pig feeds, traditional decorations

x

x Currently it is widely planted

for local dancing (napenape, titi,

outside

fou).

water is dumped. It is now the

Stem can be used for pig feeds

preference of many people.

homes

where

waste

part;

x Some farmers used dug up holes

women used it by slicing it and

or borrow pits being refilled with

put it around the foods over the

wastes as in the case in Funafuti

earthen oven to control heat and

to plant them. Dump sites are

protect food from over cooked.

also common areas for planting.

particularly

the

inner

Fig tree

x Ripe fruit is a nutritional diet.

“Felo”

x Leaves are common greens for

(Ficus tinctoria)

(eg: grass, weeds, etc).

x Cut the trunk and plant it by just
sticking it down into the ground.
x A fallow tree that most people

pigs.
x Stem can be carved to form a

just take advantages of it as it

traditional cricket bat. Used for a

grows abundantly in the bush or

post

anywhere.

in

making

temporary

shelters or in erecting traditional
shelf outside homes to store
utensils, fishing gears and other
household essential items.
x Nutritional food - the young

Fern
“lauluu”

leaves are used for food.

(Asplenium nidus)

fallow

plant

that

grows

abundantly in the bush under the

x Mature leaves used as food

shades.

covering

x Uproot any fern (young or

earthen oven. Some farmers used

mature) and directly plant it

it as a compost leaf for pulaka,

anywhere you like. It is a

common in Nukulaelae.

moisture loving plant.

wrappers,

3.3.3.2.

x A

plates,

Common cultivation and cropping systems

Some examples of pulaka cultivation as suggested by interviewed farmers (Timo,
Mataio, Taupale and Usufono, 2012) include intercropping system are described below.
(i) Randomly dispersed cultivation:
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Randomly dispersion of pulaka varieties in a single pit is the most favorable method.
This is illustrated in Figure 12 below, that showed their different varieties for
instance the ikalaoi/ikaraoi varieties can be planted randomly to cover up the pit and
in between spaces is covered with other varieties like paipaitaliga, suetena, tekorito,
te beero, etc.

Figure 12. Cultivating pulaka in a dispersal scheme.

(ii)

Cultivation in rows:
Cultivating in rows is another favored method which is referring to planting one
variety to the other in a row or more until all the pit is covered as illustrated in
Figure 13 below.

Figure 13. Cultivation in rows.
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(iii) Mixed cropping:
Mixed cropping is another preferential method which is growing all various
varieties in a pit along with other plant crops, eg; a patch of banana, sugar cane and
taro (C. esculenta) as illustrated in Figure 14 below.

Figure 14. Mixed cropping system.

3.3.4. Pulaka varieties and other information.
3.3.4.1.

Varieties of Pulaka

There are about 21 known varieties of pulaka in Tuvalu that were obtained in this study.
These are listed in Table 15 below.
Table 15. Common varieties of pulaka in Tuvalu.
1.

Matua Ikaraoi

2.

Ika Ulaula (ikaraoi)

3.

Teumai (ikaraoi)

4.

Natutebubua (ikaraoi)

5.

Ika Mawa/korito/beero (in other islands)

6.

Te Korito (longated petiole with many suits)

7.

Te Beero (very dark leaf with large petiole with few suits)

8.

Paipaitaliga (Tataninga – Nui) (can change to beero/korito)
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9.

Teimakin uraura (leaf like a fan and reddish petiole)

10. Teimakin roro/Pulaka (dark with white stripe petiole)
11. Matua Pulaka (Kiriboiboi in Nui having plentiful shoots around the main tuber)
12. Suetena (huge corm when properly composted like ikaraoi)
13. Pikipiki (Te Bikibiki – Nui)
14. Navalo (New cultivar)
15. Atimainiku roro (large corm as continuously composted)
16. Atimainiku uraura (little corm)
17. Te Talamon (reddish petiole)
18. Moaaine (Var. in Nukulaelae having plentiful sprouts around the main tuber)
19. Pulaka kula (cultivated in Funafuti)
20. Kalili (Native to Niutao)⃰
21. Pulaka kena⃰
Note: Most variety names are written in Kiribati. The varieties in arteristic ⃰ are those missing from the
interview, but found in Iese (2005) thesis.
Source: Improved list from Iese (2005).

3.3.4.2.

Common problems of pulaka.

The following Table 16 listed the information on common pulaka problems as obtained
from interviewees.
Table 16. Common problems of pulaka cultivation.
x

Heated up when over composted and die.

x

Over-green composting leads to leaf or petiole eaten by rats and/or crabs

x

Lack of normal provisions on the pulaka attracts temukita (orange colourful crabs) that eat the leaves
and other parts of the pulaka.

x

Lack of compost or applying too much of thick soil over pulaka plant (known as ‘pono’ in Tuvalu and
‘tukunei’ in Nui) affect the growth of new suite/leaf of ikaraoi only. There will be no new suite/leaf
seen.

x

Loose pigs usually find pulaka pits a cool place to be – as a result pono or tukunei are always damaged
and ruined.

x

Sometimes people themselves intentionally spoil other’s pulaka due to jealousy or personal
differences.

x

Drought impact. Those pulaka mostly ikaraoi that are well nurtured (‘Tuatiti’ in Nukulaelae) are more
prone to the impact of drought.
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x

Rotten ikaraoi during droughts are assumed to be the result of photosynthesis processes.

x

Rotten corm due to exposure of roots mostly in the upper portion during droughts and very hot days.

x

A dark black algae (limu) covering the top soil and once in a blue moon attached to leaves of pulaka
was found to cause growth complications. Very common on bare soil (Figure 15).

x

Infestation with a tiny brown fly insect called ‘Te Kinauele’. Used to attack the new leaves and
infestation occur when too much green compost is applied and not well covered with soil.

x

In the case of Niutao, over extraction of well water adjacent to their Talo Lasi was confirmed to have
cause pulaka depletion.

x

In the case of Nukulaelae, cultivation further deep into the water lens contributed to accessibility to salt
water during high tights. One farmer did this and likely to spread out the salt water from time to time
emerging from his pit.

x

Certain separate pits have been confirmed that their growth rate of pulaka seemed to be very slow, and
not very healthy compared to other pits. The assumption to this situation can be due to salt water or
very poor soil despite the effort from farmers.

x

In certain pits, it was reported that pulaka quality is very good and tasteful while in other pits is
different. There has been no proper assumption reported for this situation.

x

Inundation of pits at certain periods from December to March the following year was reported to be
getting worse at present when associated with storms. The flooding seems to be prolonged compared to
past events, this led to huge damages to many pulaka and in particular to taro (C. esculenta).

x

Salt water spread over in pits from natural borehole as in the case of Motutala pit in Nukulaelae and
Telikiai pit in Nui. These pits have been totally devastated but in the case of Telikiai pit, it was totally
abandoned while Motutala pit still partially attended.

Figure 15: Dry dark black algae (limu).

Source: Photo taken by Mataio Tekinene.
Note: Refer to bullet point 10 in above Table 16.
55

3.3.4.3.

Harvesting period

The following Table 17 list the information captured from farmers on the good time to
harvest pulaka.
Table 17. Good time to harvest pulaka.
x

Depend on your knowledge of cultivation or ‘logo ote poko’.

x

Some farmers argued that after six months of consistent and efficient composting, the pulaka should be
ready for harvesting.

x

Normally, a corm should be ready to be consumed after 2 years.

x

For traditional gift, you have to harvest a mature pulaka for more than 2 years.

x

Some people are keen eating the very young pulaka as they are soft and appetizing when baked or
boiled with coconut cream, water and toddy. These young ones can be pulled out any time.

x

For a mature pulaka (ie; after 2 yrs old), a good time to harvest is when the new young leaf sprouted or
about to open. This way will maintain a successful new development.

3.3.4.4.

Climate change consequences and human induced factors.

The following Table 18 listed the information obtained from farmers regarding the
impact of climate change on pulaka, pulaka adaptability to climate change, human
induced factors and other relevant information supporting damages to pulaka and their
corresponding pits.
Table 18. Consequences of climate change and human induced factors on pulaka and their pits.
x

Long drought episodes contribute highly to devastation to all pulaka varieties. None of the pulaka can
withstand the prolonged drought periods even the pulaka kula which is plentiful and known in Funafuti
to withstand salt water intrusion.

x

An argument was made on the ikaraoi that some farmers/household heads assumed to be drought
tolerance while others assumed to be sensitive to high temperature. Nukulaelae farmers confirmed that
it was also spoiled in the recent prolong drought.

x

Continuous heavy rains (eg; on week) that cause flooding to pits can stress pulaka growth that lead to
set off mortality.

x

The impact of coastal erosion has become a culmination of climate change that also affects the growth
of pulaka due to salt water seepage.

x

More frequent droughts are experienced now-a-days. Such situation was realized to have contributed to
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salt water incursion and dry up of soil in many pulaka pits.
x

Increase of salt water incursion in pulaka pits is more frequent nowadays thus contribute to let farmers
worried and left their pits uncultivated.

x

Construction of new infrastructures as in the case of Niutao when they built a new dyke in the inner
pool area, changes water circulation that suspected to cause discontinue flow of water from the pits.

x

Extraction of artesian water from nearby underground water supplies or wells during drought periods
in a misuse manner was confirmed from Niutao to contribute to the stress of pulaka in their adjacent
Talo Lasi Vaipulaka. The same case applies to Nukulaelae, where they dug up wells beside the pits and
extracted water for over a year.

x

Storm surges during stormy days that sometimes overtopping the island and spillover to pulaka pits as
in the case reported from Nanumaga Island. A different distinctive situation in Nukulaelae reported
during storms associated with high waves leads to sea water percolate through the soil and enters the
southern part of their Vaipulaka Lasi (large pit).

x

In another case at Motutala Vaipulaka in Nukulaelae where they had a borehole, during spring tides
salt water rises up in the borehole and spillover to the entire pit. Usually happens towards the last
quarter and first quarter of every year. However, worst when associated with storms.

x

In the case of Funafuti, the pits used to be flooded during spring tides (worse in the Central Pit). This
indicates that salt water percolates from underground. It is worse from the months of October to March
in the following year as confirmed by one farmer from Funafuti. Usually most pulaka turned yellow
and start to decompose.

x

Hurricanes associated with high tides always bring salt water incursion as reported by many farmers.

3.3.4.5.

Solutions for climate change impact on pulaka

Table 19 below represents farmers’ views on some solutions they thought might provide
some assistance to overcome climate change impact on pulaka.
Table 19. Farmers’ solutions to the impact of climate change.
x

In times of drought or sunny days, the coconut fronds and husked coconuts were spread out to cover
the top soils (eg; Figure 47). Other farmers provided shades with coconut fronds over their pulaka as in
the case practiced in Nanumaga in their concrete constructed pits.

x

Where boreholes are found, concrete walls are built to confine salt water spillover as in the case of
Nukulaelae (Figure 16).

x

Avoidance of underground water extraction near pulaka pits at an alarming rate is very essential. The
need to increase rain water storage tanks is also fundamental to overcome this adverse situation.
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x

Construction of concrete pits near homes or elsewhere. This is a modern technique being established to
avoid salt water incursion. The pit is constructed over the ground that not prone to inundation.

x

Encouraging farmers to continue cultivation and protecting their cultivars during drought periods. The
more work carried out in pit, extra advantages of growing well and resilience to adverse effect on
pulaka takes place.

x

Government through the Department of Agriculture to assess situation of pits and provide advises and
relevant assistances in maintaining pits wellbeing.

x

Government through the Department of Meteorological Services to be more considerate in informing
the public about climate change events like drought and hurricanes so that farmers get ready ahead in
protecting their crops.

The photos below (Figure 16) aim to illustrate some kind of common adaptation methods
used in Tuvalu to overcome the consequences of climate change impact.

Figure 16. Adaptation measures.
Left: Cemented borehole in Nukulaelae. The cement walling ensures to retain salt water from spill over
during spring and king tides. Right: Covering the soil with coconut fronds. This is used to protect soil
from evaporation, thus retain moisture in the soil for pulaka intake.

3.3.4.6.

Other relevant cultivation knowledge

The following Table 20 listed additional knowledge that farmers proposed during the
interview.
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Table 20. Farmers additional knowledge on pulaka.
x

‘Te Aroka’ in Nui or planting a new young pulaka, you have to prepare first the hole at the site with
soft compost before uprooting the plant and transferred it to the site. This is a direct transfer of ‘te
aroka’.

x

Indirect transfer and fast grow is where you harvest the mature pulaka, chopped off the corm with little
bit spared on the plant and then transfer it to the new site.

x

‘Te bobo’ in Nui refers to entire harvesting and then replanting of pulaka where it helps the pit to be
ploughed and re-nourished. This usually applies to those pits been abandoned for awhile causing very
slow growth of pulaka. After 2 years, it is then ready for food supply. However, continue cultivation
and adding of compost is essential.

x

Corm sizes in Nui are referred as:
o

Vae ni mangiri (a very small young pulaka that easily pulled out, the size of the corm can be
around 3cm diameter or less),

o

Te beti (the size of say 4cm diameter like the size of a riped pandanus fruit),

o

Te marai (green coconut size after husking),

o

Te bonaua (a big size of about 30 cm in length when it can be halved to make two pieces),

o

Te bonaang (a much bigger size to chop into four large pieces),

o

Te koroua (a size to an arm to chop into eight large pieces),

o

Te toki/bangabanga (the largest size to chop into many large pieces, the corm can be 100cm
in length or over).

3.3.5. Impact of the recent drought on crops (2010-2011)
The most recent prolonged drought from 2010-2011 was reported to have caused
devastation impacts on all the islands as illustrated in Figure 6 above. The main reports
obtained on the drought indicated that all the food crops were heavily impacted however
frequent intermittent rains began to sustain plant growth except high level of stress on
pulaka (Atu et al. 2011).
The report from the Nukulaelae Kaupule (2011) confirmed that food crops were
devastated during the drought. The report also substantiated that from the 435 overall
pulaka pit plots owned by extended families, 104 plots were rated as struggling in
growth, while the 331 pits (ie: 76%) were rated as dead . On Nanumea Island pulaka had
the highest stress on all crops (Atu et al., 2011).
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3.3.6. Youth discussion outcome
The interview conducted with youths on the three islands had provided invaluable
insights towards the sustainable use of pulaka. The long drought that occurred on the
islands made the people relied heavily on imported food such as rice and flour; however,
this did not discourage the youths from reviving their pulaka pits. This appeared to make
them more determined and encouraged the rest of Tuvalu people and identify to work
harder on reviving and sustaining their tradition crop, pulaka. Table 21 below shows the
views of youths regarding the impact of climate change on pulaka. This table is different
from Table 25 as it records views arise from those youths contacted on the three study
sites who are regarded to be fully responsible to pulaka cultivation, while Table 25
represents views of people including some youths who are more engaged on jobs.
Table 21. Youth views on the impact of climate change on pulaka.
1. Youths are encouraged to continue working and assisting their families to maintain and revive their
devastated pulaka pits.
2. Maintain and continue the traditional use of pulaka.
3. The new generation must ensure that they continue to taste and consume the legacy crop of their
ancestors of which they grow up with.
4. The Government through the Agriculture Department should consider some assistance to farmers
reviving their devastated pulaka pits.
5. Youth group to strengthen their association in working together bringing back the initial status of pulaka
in all pulaka pits with proper assistances from the Government and various organizations.
6. The Tuvalu Sport Union to propose a project that could cater for pulaka sustainable development for all
the islands and to draw a plan for a half day work in pulaka pits every fortnight or monthly.
7. A national youth summit is essential to discuss how to address the issue of pulaka. Outcomes will be
taken as measures to address the issue.

3.3.7. Primary school students discussion outcome
The interview through an informal discussion conducted with Form 2 students in
Nukulaelae and Niutao (Figure 17) created a feeling of courage because the students are
aware of the issue of climate change, sea level rise and ozone depleting substances.
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Information gathered from Nukulaelae students revealed that they are enthusiastic to
learn more about climate change as they already feeling the impacts through coastal
erosion and severe droughts. Both schools: Faikimua Primary School in Nukulaelae and
Webley Primary School in Niutao emphasised climate change as a big worry for them,
and that the Government of the day need to be serious about the issue in finding
solutions.

Figure 17. Form 2 students from Nukulaelae (left) and Niutao (right).

The interview with students in Funafuti was not possible for a big group as they were on
school break at the time of the survey. However, 5 matured Form 2 students were
interviewed in their respective homes. These students are very well aware of the issue on
climate change and sea level rise and that they made a plea to the Government to fast
track negotiations to address the issue as soon as possible. Student collective views are
represented in Table 22 below.
Table 22. Collective deliberations of Form 2 students in Nukulaelae, Niutao and Funafuti.
1. The negative impacts of climate change and sea level rise on the environment are witnessed and
therefore must be considered by government and the international community to decrease their impact.
2. The melting of ice-bergs in the northern and southern pole have known to be the cause of sea level rise
which has caused devastating to our small vulnerable islands and so it must be taken into account by
scientists and the international community to stop this melting.
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3. The ozone layer according to what we have studied is getting thinner and causing more heat to us which
will lead to health problems. This must be considered as well by the international community to hinder the
problem.
4. The use of pulaka in our traditional system is important and therefore must be maintained even though
we, the children of today, love to eat rice and other imported foodstuffs.
5. In response to their question about whether the Government has any plans to overcome the challenge of
climate change and sea level rise, it was explicitly clarified to them that Government had already prepared
some plans as obligations under the United Nation Framework Convention on Climate Change (UNFCCC)
to make attempts to combat the impacts of climate change and sea level rise. The current plans consist of
the (i) National Adaptation Programme of Action (NAPA) which is now under implementation; (ii) Energy
Sector Plan called Green Tuvalu by 2020 which is also under implementation; and (iii) Existing
Environmental Projects such as the Pacific Adaptation on Climate Change (PACC); Ozone Depleting
Substances (ODS); NAPA-II and other related environmental programmes.
6. In a conclusion remark by the student from Nukulaelae, their representative emotionally stated: “we the
student of today felt and confirmed the intense impact of climate change and sea level rise to our small tiny
islands, but to substantiate to the world, we do not want to leave our beloved islands”. The representative
in her sum up remark demonstrate a very emotional manner which eventually caused falling tears by every
student and their teacher.

3.3.8. Motives behind pit abandonment
The results tabulated in this sub-section represent overall perceptions on pulaka in
Tuvalu. A total of 20 questionnaires (Appendix 2) each were sent to other unvisited
islands, Nanumea, Nanumaga, Nui, Vaitupu, Nukufetau, Funafuti and Nukulaelae in
which feedbacks were only obtained from Nanumea, Nanumaga, Funafuti and
Nukulaelae. Overall analysed results are tabulated in Tables 23, 24, 25 and 26 below in
order of priorities.
Table 23. Cultural reasons for growing pulaka.
Respondents %

Collective views

87

x

For use in family social gathering/feasting; traditional gift; community rituals and
other social affairs. It is cultural that each extended family has a “mataaniu” – a
community register keeping extended families records to provide supports to the
main community in its traditional affairs.
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99

x

For food.

56

x

For subsistence economic incentive.

Table 24. Reduction in growth of pulaka and abandonment of pits.
Respondents %

Collective views

85

x

Frequent and severe droughts; the 2010-2011 drought discouraged farmers to
cultivate their pits.

78

x

Salt intrusion.

65

x

Sea water intrusion due to severe high tides/king tides.

62

x

Day times are currently getting too hot.

73

x

Climate change causing frequent flooding in pulaka pits.

58

x

Prolonged flooding at times has discouraged farmers.

48

x

As in the case of Funafuti, polluted runoff from the airfield coupled with salt water
intrusion has caused discouragement to farmers to cultivate their pits.

Table 25. Social reasons for the reduction in pulaka and pit abandonment.
Respondents %

Collective views

45

x

Current generation lost interest in pulaka cultivation and therefore lack the
knowledge.

70

x

Current generation do not eat pulaka due to the change in eating lifestyle
nowadays.

30

x

People nowadays are mostly dependent on money for their living rather than
depending on local food like pulaka.

23

x

Overgrown with weed called “fue” (Ipomoea macrantha) has caused
discouragement for cultivation.

20

x

No one is responsible in the family as the elders (father, head of family) have
passed away.

48

x

Reviving and sustaining pulaka cultivation depends on old men who are
considered knowledgeable and skilful in this area; however, nowadays only a few
of these old men are left and it seems that these valuable knowledge and skills are
gradually diminishing since the new generation do not show any interest in this.

25

x

Cultivation of pulaka is a laborious job that discouraged people from growing and
planting it.

55

x

People are migrating overseas (eg: NZ) and left their pulaka pits unattended.
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x

25

Transportation problems mostly in the case of Nanumea where their pits are
situated on the other islet called Lakena.

x

10

From observation pulaka are not so healthy nowadays compared to the past
therefore no need to grow them.

15

x

Invasion of pit with the green algae “limu” has discouraged pulaka growth.

15

x

There is a high tendency of families disengaging themselves from community
events/ceremonies nowadays giving them no reason to attend to their pulaka pits.

x

20

Family/Relatives dispute over pits.

Table 26. Appropriate responsible stakeholders for the cultivation of pulaka.
Respondents %

Collective views

60

x

Head of family/farmers to ensure retaining the importance of pulaka due to: as a
major crop “ulukai” in Tuvalu; cultural food crop that can be obtained with no
cost; cost of living nowadays is accelerating therefore much better to grow own
food crop like pulaka.

35

x

Old men to retain pulaka growth for family use and community traditional rituals.

48

x

Communities themselves to ensure better livelihood.

65

x

All matured community members who are able to do farming.

38

x

Old men to conduct workshops for young men and boys.

32

x

The Agriculture Department to consider solutions against very hot days.

64

x

Given the cultural importance of pulaka, Island Community Council/Assembly
(Fale-Kaupule) to encourage individual families to cultivate their pulaka pits.

52

x

Government to consider providing funds to assist farmers retaining their pulaka
growth.

3.4. Discussion and recommendation

3.4.1. Cultivation and cropping practices
Table 14 indicates the common food crops in Tuvalu which include; pulaka, taro,
coconut, breadfruit, pandanus, banana, fig tree (felo) and fern (lauluu). Pulaka and taro
are highly dependent on freshwater and therefore usually grown in dug out pits down to
the water lens or in natural depression pit (Iese 2005; Rao 2011; Webb 2007; Thaman
1984 & 2002). Growing them requires intensive labor as one has to apply composting
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from time to time for a period of more than two years in order to obtain good yield (Iese
2005). According to Nakano and Onjo (2003) C. chamissonis has a higher tolerance
salinity. It requires a dynamic operation of gardening strategy where great amount of
organic matter is applied to maintain good mulching and soil fertility (Kuhlken, 2002).
Coconut, breadfruit and banana do not require much labor to grow them because once
they have been planted, they can be left to grow naturally and all the farmers need to do
is just to continously add manure when required. Table 14 elucidates the method of
planting of these crops. However, the pandanus, fig tree and the fern are categorized as
fallow trees and plants that can be grown in normal ground with little or no compost.
Inter-cropping is highly practiced in pulaka pits in Tuvalu, and individual farmers have
their own traditional knowledge or “logo ote poko” (eg; Iese, 2005) to cultivate their
pulaka according to the type of inter cropping they adopt. The common inter-cropping
methods widely used as discussed below can be either executed differently or combined
in one. Huge pits can be seen to be cultivated using all the methods.
x

Dispersion of pulaka in one plot or pit as in Figure 12. The method is commonly
used as it provides good quality scenario to the pit, a perspective from farmers.
The pit is entirely cultivated with ikaraoi varieties and in between them other
varieties like paipaitaliga, suetena, te korito and other vars are planted (Timo &
Mataio, pers. comm., 2012). In time of harvesting for daily needs, normally
ikaraoi varieties are left unharvested and as a result maintain the pit scenario
growth status attractive.

x

Cultivating in rows as in Figure 13 refers to the type of cultivation where
different pulaka varieties are planted in rows. Some farmers prefer this method as
they wanted to compare growth rates and yields easily between different
varieties. One farmer witnessed that by practicing this method, consideration
must be taken during harvesting because once the whole row is harvested, it can
bring discouragement in reinstating the pit status due to the fact that it will take
another two years of cultivation to fully grown pulaka (Timo, Talapai, Mataio,
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pers.com., 2010). So during harvesting, it is wise to harvest randomly and not in
rows.
x

Mixed up cropping in Figure 14 refers to growing varieties in a pit along with
eg; a patch of banana, sugar cane and taro (C. esculenta). This method is quite
exciting to some farmers as it has a view for motivation and attraction in a way
that there is a place to have a short break under banana shade while getting
energy through chewing some sugarcane (Taupale, Timo and Mataio, pers.
comm., 2012).

Pulaka cultivation as mentioned by some farmers is not an easy task especially when you
are a new farmer. It is a must that the new young farmers practice cultivation several
months or a year under good supervision of his father or grandfather. This is very
important because there are cases that some new farmers thought they became expert
without practicing but when they apply the method, it is disgraceful that the pulaka began
to crumble as the method is not applied accordingly (Mataio, 2012).

3.4.2. Suggestions to improve cropping system
Given the status of poor soil quality in Tuvalu, cropping system has always been poor
and a challenging task. As a result farmers take advantage of aids that may be granted to
the community. However, some of the suggestions obtained from farmers, youths and
students to improve cropping system in Tuvalu are tabulated in the following Table 27.
Table 27. Suggestion on how to improve cropping systems in Tuvalu.
1.

Farmers are encouraged to continue practicing traditional methods of growing food crops that they are
well acquainted with. For example, as practiced in the past in Niutao, Nukulaelae and Nui in
accordance to farmers (Talapai, Timo and Mataio 2012, pers. comm.) every Friday families have to
visit their pulaka pits for cultivation. This is an opportune time for farmers to share their traditional
knowledge with members of the family as much as possible. Some families also use the opportunity to
clear and plant some coconuts in their land plots in the bush before heading back home in the
afternoon. While men are busy working in the pits, women collect the germinating nuts and search for
land crabs and lauluu along with pulaka to bake in the earthen oven to get ready for a late lunch after a
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long day work. In every occasion in Niutao as highlighted by Talapai, pers.com. 2012, school kids
visited their parents and grandparents straight after school to join in the late lunch and take part in
some minor works like cleaning up or transferring some left over manure into the pit. This way the
children learn and capture the knowledge through proper field work.
2.

Adoption of a relevant successful scheme to grow certain crops. This scheme process was very
common in the past where families combine their land plots and start to grow new young coconut
trees. It took about a year or so for the coconut to bear good fruit. Some individual families with huge
land plots do their schemes individually to maintain the incentive within the family. There is always
small grant from Government to assist the farmers. In terms of making scheme in pulaka pits, extended
families always practice this process where they start cultivating one pit, move to another until they
complete all pits, then hand over the pit to the owner. It is a kind of process to help family members
keep their pulaka pits grow successfully. Some families continue practicing this every month until they
decided to refrain for some time and then begin again the process as they see it appropriate.

3.

Practicing backyard gardening is another way to improve cropping system. This method was initially
implemented by the Agriculture Department as a way to improve nutritional diet. At this time there is
an ongoing banana cultivation scheme and backyard gardening carried out on all the islands being
implemented by the Agriculture Department. Individual families are very pleased with the scheme and
been encouraged to take part.

4.

Currently on Funafuti, the Taiwanese Government in joint collaboration with the Government of
Tuvalu has initiated a nutritional crop garden called “Fatoaga Fiafia”. A variety of crops and
vegetables were grown and sold at a reasonable price to ensure the sustainability of the garden. Some
local farmers mostly in Funafuti are practicing this successfully. There is no fertilizer used in this
system. However organic matter is the main compost used from shredded leaves mixed with pig waste.
Local farmers on Funafuti are also using this similar compost which was sold very cheap by the Waste
Management Unit under its composting scheme.

5.

According to the youths, they are encouraged to assist their individual families or work as a group
helping families to improve cropping system. Each island in Tuvalu has a strong youth association that
always gives a hand to the community in times of need.

6.

In an informal discussion with school children, they have the courage to sustain their environment
from being polluted and damaged by climate change and sea level rise. Therefore maintaining the
traditional crops like pulaka, taro, coconut, breadfruit and pandanus is vital. However, government has
to consider the sustainability of all these crops through maintaining a healthy and sustainable
environment by telling the international community to stop polluting the atmosphere.

7.

Adoption of new methods that never practiced in Tuvalu is essential given their applicability and
simplicity.
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8.

The provision of proper technology and essential equipments is vital. Farmers urged the Government
through the Department of Agriculture to consider this significant issue. Providing proper equipments
will highly facilitate the reinstatement of abandoned pulaka pits.

3.4.3. Food security and sustainability
Food security is vital to a vulnerable country like Tuvalu, in particular during drought
periods. Therefore the limited grown food crops must be highly preserved and take care
about during drought periods and at any time. The following discussion highlights some
thoughts on the way forward to improve food security before, during and after the
droughts.
It was proven by farmers that when the drought is approached there is always limited
information conveyed to the public which has caused the un-readiness of farmers to
protect their crops (Mataio, Talapai and Taupale, pers. comm., 2012). Therefore it is
suggested that Government through the Department of Meteorological Services should
alert the public broadcasting the situation, to ensure farmers are providing measures to
their crops well ahead and during the event. On the other hand, farmers should establish a
network that could convey appropriate information in time of droughts and not to wait
until late information is delivered by the Government.
In order to keep the healthiness of the pit, farmers dig trenches around the edges of their
pits to capture water for irrigation during sunny days and very hot weeks (Mataio, pers.
comm., 2012). When the trenches are empty some farmers’ fetch small amount of water
from nearby wells to irrigate their pulaka (mostly ikalaoi). In some cases, farmers sustain
humidity to their pulaka by applying particular compost that hold water much longer
such as rotten coconut tree trunks and coconut husks (pulu). It is also important that the
method applied in nurturing pulaka is correct and follows traditional knowledge. For
example, erecting a basket (eg: Webb, 2007) or compost holder around the pulaka using
weaved coconut fronds or pandanus leaves to sustain dampness. This basket or compost
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holder has to be renewed from time to time as it came rotten and the rotten one is added
as compost surrounding the pulaka.
Household gardeners, they protect their vegetables by erecting coconut fronds shelters
over their crops and continue irrigation in the morning and afternoon.
Traditional food preservation is a common practice in the past which are tabulated in
Table 28 below.
Table 28. Preservation and preparation of traditional foods processes in Tuvalu.
Food Type

Preservation method and preparation for food

Pulaka

x

Pulaka is peeled, sliced into chips pieces, dried under the sun until completely dry.
These are then kept in a woven basket for several months or over a year. Families
then ration out the amount to be eaten daily. Before cooking it, the amount taken
for food is soaked for awhile in fresh water, clean it as in cleaning the rice and then
boiled with mixed toddy and water, add some coconut milk for a yummy flavor.
The Nanumea people named the food as “likoliko holomua”.

x

Pulaka can be baked also in an earthen oven and then keep re-warming it from
time to time after 2 to 3 days.

x

Crated pulaka is baked in a form of a small pudding, kept in a shelf or basket and
then re-warming it after 2-3 days and/or before a meal.

x

Harvested pulaka can be taken home, buried under a shade outside the house then
continue watering them every day. This way the pulaka continue to grow and
maintain it quality for months until it is removed for consumption.

Coconut

x

Brown coconuts from special trees which farmers knows very well were collected
and kept in the upper compartment of the local kitchen for months or years to turn
it dry like copra and let the flesh turned reddish. At this stage, the brown nut is
ready for consumption. A combination of this with fish and pulaka is so
appetizing.

x

The young germinated nut is husked, chopped off the bud at the right level, then
bring the whole lot and bury just outside your home. The germinated nut will
continue growing underground without a shoot. This way the germinated nut
begins to compress inside as it grows and develop a tasty and tender flavor when
taken for food. This can be taken raw, baked or boiled with a mixture of toddy and
water.
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x

When coconut trees begin to stop flowering, that is the time when families began
to collect their brown nuts and store them at home for preservation.

Breadfruit

x

Cleaned breadfruits were sliced in chips pieces and dried under the sun as applied
above to pulaka. The preserved chips were cooked similarly as of cooking the
pulaka.

x

People are not very keen in preserving breadfruit as it is not traditionally great
importance.

Pandanus

x

The juice from the fruit is collected and baked in a specific way. Women of Nui
are keen in making this as they adopt the cooking process from the I-Kiribati
people. The food is called “Te tua-e”. Not common in Tuvalu.

Felo (Fig tree)

x

(Ficus tinctoria)

The fruit is collected when it start to ripen (ie; red orange color). These are cooked
to boil and dried under the sun until completely dry. The dried ingredient is kept in
a basket for months.

Fish

x

Dried and smoked fish are the most common preservation used.

It is of great importance that food preservation and conservation is continually practiced
within communities with the aid of applying modern sciences like acquiring more
scientific understanding on what is going on and the need to work collaboratively
between sectors. Government approach to assist communities on pulaka cultivtion is vital
and highly recommended.

3.4.4. Motives behind pit abandonment
Two reasons were obtained from the study to influence less cultivation of pulaka and pit
abandonment, the issue of climate change and social aspects.
Climate change event like very hot days associated to drought, spring and king tides
leading to salt water intrusion, continuous raining for several days followed by flooding
and drowning the cultivars and the instability of weather incidents such as hurricanes
which are more frequent. All these have discouraged farmers from cultivating their pits.
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On a social aspect point of view, there seems to be more ignorance in farming while more
oriented to many social aspects like community gatherings, more sports and attending
bingos, prolonged conversations and no farming activities carried out. The shift in diet by
consuming more rice and other imported foodstuffs than pulaka (Iese 2005; Webb 2007;
& Rao 2010). Lack of interest of the new generation to cultivate pulaka, couple with high
interest to community social functions hence deliberately paying no attention to cultivate
pulaka. It was also noticed that people having the mentality of hard and laborious
cultivation of pulaka, resulted in ignoring the cultural importance of pulaka. Family
disputes over pits and the invasion of pits by weeds, grasses and green algae have refrain
people from attending their pulaka pits.
On the other hand, it is very important to consider appropriate measures that could
counteract social disincentives for cultivating pulaka. These may include: awareness
programmes entice to health, poverty alleviation and appropriate sustainable programmes
to sustain pulaka cultivation. Overall, the government must set activities that encourage
farmers to continue cultivating their pits and to incorporate pulaka cultivation in school
curriculums. Chapter 5 discusses some general practices and conservation measures.

3.5. Conclusion
Tuvalu is a country that is vulnerable to climate change and is highly dependent on
limited subsistence agriculture and fishing. Its main food crops are limited to pulaka,
taro, coconut, breadfruit, banana, fig tree and fern (lauluu). The introduction of vegetable
crops by the Agriculture Department and the “Fatoaga Fiafia” had tremendously
provided supplementary vegetables to the local diet. However, maintaining the growth of
these crops is very essential in times of droughts and bad weather.
Farmers are keen in pulaka cultivation as it has a potential cultural and traditional value.
So keeping the traditional knowledge to grow pulaka as well as other common food crops
is essential and fundamental for daily living. Farmers always try their best cultivating
their pulaka and taro in applying appropriate and specific knowledge despite the risk
caused biologically, socially and naturally by salt water intrusion and drought episodes.
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The 2010-2011 prolonged droughts was witnessed and reported to have been injurious to
most pulaka pits throughout Tuvalu but worse in Nukulaelae Island. While encountering
adverse natural situations, farmers and individual families still have the courage to
maintain their food crops.
Farmers keep on maintaining inter-cropping system in their pulaka pits and apply specific
traditional knowledge that successfully continues the growth of their pulaka, taro and
other crops. The main inter-cropping systems being widely used as succinctly explained
above include: (i) Random dispersion of pulaka varieties in a pit. The preference of
farmers is to spread out the ikalaoi variety to cover the whole pit then place other
varieties in between. (ii) Cultivation in rows with different varieties. This method refers
to where different varieties are cultivated in rows until the pit is well occupied. (iii)
Mixed cultivation as a preference of many farmers is referring to the growing of all
different varieties in a pit including a banana patch and a small space for sugarcane.
The impact of climate change and climate variability corresponding to droughts, salt
intrusion and marine deposits into pulaka pits during bad weathers associated with strong
storm surges have contributed to pulaka damages and abandoned of pits. Similarly, social
aspects like shift in diets to imported foodstuffs, lack responsibility of cultivation,
diversion of mentality from cultural values of pulaka, again add further to the abandoned
of pits.
The wide range opinions and judgments offered by farmers, youths, school children and
other informants in this paper are very essential for the livelihoods of Tuvaluans and
perhaps other similar atoll islands in the Pacific region.
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Chapter 4
4. Groundwater salinity and soil chemicals and nutrients in affected
and unaffected pulaka pits
4.1. Introduction
Plants depend highly on water and soil for growth therefore the growth of pulaka is
controlled by these two basic factors ((Rao, 2011). Pulaka is a hydrophyte that is
accustomed to fresh water or brackish environments in naturally man-made swamps,
coastal swamps and holes in the ground or hollows (Manner, 2011; Iese, 2005; Webb,
2007; Rao, 2011). Nonetheless, the fresh water lens depends completely on rainwater and
in the case of Tuvalu (Stewart, 2005) this lens has been contaminated with salt water
intrusion from storm actions and high tides. Inernational Pannel on Climate Change
(IPCC, 2012) highlighted that the main factors that contribute to contamination comprises
of land size, geology and topography, and that water resources in small islands are
extremely vulnerable to changes and variations in climate change.
Soils on atoll islands, as in Tuvalu are extremely poor providing great challenges to
cultivate any sort of crop (Webb, 2007). This is substantiated by the experience of many
Tuvaluan farmers in that once you lost interest in adding more compost to your pulaka,
you lost its quality and can resulted in high mortality rates and reduction of yield (Mataio,
2012, pers. comm.). Soils on atolls primarily originated from carbonate reef-borne
substances coupled with their prematurity status, and are therefore insufficiently
developed with lack of structure and texture with poor water holding capacity (Barr
1992).
According to Webb (2007) pulaka which is a staple grown food crop in atoll islands of
the Pacific is under threat due to seawater incursion. Consequently, communities are
incredibly concerned on climate change variations that appear to contribute to salt water
intrusion to their pulaka pits (Webb, 2007; Rao, 2011; and Iese, 2005). The National
Adaptation Program of Action (NAPA) for Tuvalu (2007) reveals that pulaka pits have
been confronted by salt waters for decades, through intrusion or overtopping waves.
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However, confirming the farmers and communities perceptions through a scientific study
was limited.
Globalization and sea level rise from global warming as suggeste by Kawai et al. (2010)
and Eschenbach (2004) had been responsible to salt intrusion thus affect local
communities and natural environment such as the growth of taro and pulaka in Tuvalu.
Water conductivities of around 3300-5000 µS/cm had contributed to crop failure and
resulted to pit abandonment on the island of Butaritari in Kiribati (Mourits, 1996). On the
other hand, it was suggested that an upper salinity limit for portable atoll groundwater is
≤ 2500 μS cm-1 (Falkland, 1999). Webb (2007) and Rao (2011) conducted specific
assessments on water salinity in pulaka pits and have analysed salinity levels on all the
islands in Tuvalu. They revealed that there were not much significant changes of water
salinity in Tuvalu Islands, except for Funafuti and Nukulaelae. While climate change and
sea level rise has been suspected by farmers to decline pulaka production, Rao (2011)
emphasised that there are also anthropogenic influences such as the migration of pit
owners out of the country and within islands; pressure due to population increase; shift on
food preference to imported foods; land dispute and infrastructure development; has
contributed to pits abandonment.
This chapter therefore attempts to present and discuss the results of the findings of water
and soil quality assessment in both the assumed affected and unaffected pits in three
studied sites. Furthermore, it also presents an analysis of the relationship between
environmental parameters that lead to the affected and unaffected status of pulaka pits in
studied sites. This study also compared some of findings between the current study and
the previous salinity tests conducted by Webb (2007) and Rao (2011).

4.2. Methodology
The methodology employed to assess and understand the factors influencing salinity of
water and soil in affected and unaffected pulaka pits and its impact on pulaka production
across the three islands of Tuvalu namely Niutao, Funafuti and Nukulaelae include the
followings.
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4.2.1. Selection of the affected and unaffected pits in the three
studied islands.
The selection of the affected and unaffected pits for the three study sites was based on the
results from community member views on the situation of pulaka pits survival in Tuvalu.
In addition, the characterization was also based on the authors’ personal knowledge and
experiences on pulaka pits in Tuvalu. The identified characteristics of pits are given in
Table 29 below.
Table 29. Identified affected and unaffected pits on each island.
Island

Affected Pits

Unaffected Pits

Niutao

Te Pela

Te Talo and other small
pits

Funafuti

Central pit

Northern and Southern
pits

Nukulaelae

4.2.1.1.

Mataafale

Motutala

Niutao affected and unaffected pits

There were 10 affected and 10 unaffected groundwater testing sites identified as shown in
the map below (Figure 20). All affected testings were taken from Te Pela pit, while the
unaffected pits testing were conducted in Talo Lasi, Taufaiva, Lolouli, Tuaavai, Onefu,
Matakakasi and Puaatetalo. Groundwater testing was also conducted in wells as a request
from the Kaupule and the people. Some brief details about Niutao (background and
demography) are in the study site section in Chapter 2.
Pulaka pits on the island of Niutao as illustrated in Figure 18 below are scattered in
different sizes from small to large of which Te Talo Lasi is the biggest cultivated pit. Te
Pela although the largest in area size, it is not fully utilised as a pulaka pit. According to
my survey record, the smallest pit is Taufaiva Vaipulaka followed by Tuaavai, Onefu,
Puaatetalo and Matakakasi.
Amongst the above indicated pits, Te Pela was considered in this study as affected pit
while Te Talo pit or Vaipulaka Lasi and other small pits were identified to be unaffected
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pits. The assumption of this selection was developed from verbal information obtained
from indigenous community members.
In general, Te Pela is a natural large swamp area in the middle of the island that has been
converted by the forefathers to become a prominent pulaka cultivation area. It used to
produce good yields and tasteful pulaka in the past as confirmed by Iese (2005) until it
was abandoned for some decades due to salt water incursion. The swamp has now been
converted back at an accelerated rate to become vegetated with red-flowered black
mangrove (Lumnitzera littorea), mangrove (Rhizophora stylosa), and other bush
vegetations such as pandanus, coconuts and other genus. Despite this, the people have
started to cultivate it and try brings it back to its famous name and status.

Key:
Soil sampling sites
Water testing sites

Te Pela Area
(Affected site)

Lolouli

Taufaiva

Tuaavai

Wells
Onefu

Ioane

Matakakasi
Matakakasi

Saleleka

Talo Lasi
(Unafected site)

Puaatetalo

Figure 18. Groundwater salinity and soil sampling sites in Niutao.

4.2.1.2.

Funafuti affected and unaffected pits

Figure 19 below illustrate the sites for groundwater and soil testings in the affected and
unaffected pits in Funafuti. Testings for affected sites were conducted at the Central Pit
while testings for unaffected sites were conducted at both Northern Pit (5 sites) and
Southern Pit (5 sites). Some brief details about Funafuti (background and demography)
are in the study site section in Chapter 2.
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There are three main pulaka pits lying adjacent to the main settlement as illustrated in
Figure 19 below. Following the objectives of the study; the Central Pit is identified as
the affected pit due to its current status of being abandoned for decades following salt
water incursion. The Northern and Southern pits are identified to be unaffected given
their status to be still under cultivation successfully although certain plots were being
abandoned and uncultivated.
Key:
Water testing sites
Soil sampling sites

Northern Pit
(Unaffected pit)

Central Pit
(Affected pit)

Southern Pit
(Unaffected pit)

Figure 19. Groundwater salinity and soil sampling sites in pulaka pits in Funafuti.

4.2.1.3.

Nukulaelae affected and unaffected pits

Figure 20 below shows the allocated testing sites in the affected and unaffected pits in
Nukulaelae. Testings for affected sites were conducted at the Matafale pit including the
Vaipulaka lasi, Vaipulaka a Toe and Vaipulaka a Uputaua. The characterized healthy pits
(unaffected) were in Motutala according to this study. Brief details about Nukulaelae
(background and demography) are in the study site section in Chapter 2.
There were 5 cultivated pulaka pits on the island namely: Vaipulaka Lasi, Mataafale
Vaipulaka, Vaipulaka a Uputaua and Vaipulaka a Toe all situated on Fagaua main
settlement while the fifth pit (Motutala Vaipulaka) being situated at Motutala islet as
shown in Figure 20 below.
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Following the objectives of the study; Mataafale Vaipulaka was identified as the affected
pit given its status to have been abandoned due to salt water intrusion while Motutala
Vaipulaka is identified as an unaffected pit. Other pits in Fagaua were categorised as
affected pits given their situation during the drought in 2010 to later 2011.

Figure 20. Groundwater salinity and soil sampling sites in pulaka pits in Nukulaelae.

4.2.2. Ground water testing
A total of 20 testing sites were selected on each island (10 samples of affected and 10
unaffected pits). An attempt was made to select 5 sites in correspondence to the same
coordinates as reported by Rao (2011) and Webb (2007). Unfortunately, there were no
mentioned of GPS coordinates in Webb (2007) reports and there were complications
accessing Rao (2011) raw data before field data collection. Consequently, water testings
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were conducted close to the sites covered by the two previous studies. A testing meter
EC-PCSTestr35 was used to test the water at all sites. This testing meter alternatively
tests five parameters pH, Electrical Conductivity (EC), Total Dissolved Solid (TDS), Salt
and Temperature. The probe (EC-PCSTestr35) was lowered into the water fully
submerging then the readings were taken. The pH reading was taken first then changed to
EC, TDS, salt and temperature. The conversion factor for the meter used was 1mS/cm is
equal to 700ppm.
In an attempt to ensure most appropriate testing readings are taken, the equipment was
calibrated everyday and between testings pits. After daily testings, the probe is rinsed
with tap water, air dried for few minutes then dipped into the distilled water for few
minutes and calibrated. During testings, calibration in the same manner was conducted
after pits testing but not between each site testing within pits.
Groundwater testings were carried out for two weeks on each island. For Niutao Island,
ten sites were identified from the affected pit called Te Pela and the other ten sites were
identified from other pits (four sites from Talo lasi and one site each from Lolouli,
Taufaiva, Tuaavai, Onefu, Matakakasi and Puaatetalo pits). For Funafuti Island, ten sites
were identified from the affected pit called Central Pit and the other ten sites were
identified from the other two pits (five sites from the Southern pit and five sites from the
Northern pit). For Nukulaelae Island, ten sites were identified from the unaffected pit
called Motutala pit and the other ten sites were identified from other pits being identified
as unaffected pits (five sites from Vaipulaka lasi, three sites from Mataafale and one each
from Uputaua and Toematagi pits). Groundwater testings were carried out once in four
days for each site. Thus a total of 80 testings done on ground water in each studied island.
Due to a special request from Niutao Island council, extra ground water testing were
carried out in three public wells on the island. These results were tabulated and also
presented in the results.
The averages of four testing in each site for both affected and unaffected pulaka pits in
each island were calculated and are presented in the result section.
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4.2.3. Soil sampling, testing and observation
Soil sampling was conducted in the second week of the field work in the morning. One
sample was taken from the affected pit and one from the unaffected pit in each of the
three studied islands. For Niutao Island, the soil sample from the affected pit was
collected from the middle of Te Pela pit while soil from the unaffected pit was also
collected from the middle area of the Talo lasi. For Funafuti the soil sample from the
affected pit was collected from the assumed point as the middle of Central pit while the
soil sample from the unaffected pit was also collected from the middle area of the
Southern pit. For Nukulaelae the soil sample from the affected pit was collected from the
middle of Mataafale pit while the soil sample from the unaffected pit was also collected
from the middle area of Motutala pit.
Soil samples were collected with a shovel full to about one foot depth. The soil samples
were scooped into clean plastic biscuit buckets and sealed tightly. They were then taken
home and dried under the sun for 5 days on different trays. The soils were then packed
into new shopping plastic bags and properly labeled for proper identification. These were
personally hand carried to the USP Institute of Applied Sciences (IAS) in Suva, Fiji for
chemical and nutrient analysis as shown in Tables 32, 35 and 38. The methods used to
analyse the soils are from the 3rd edition South Pacific Agriculture Chemistry Laboratory
Network (SPACNET) guide-book on recommended methods (Daly and Hill, 2008).
A general observation was carried out on soil physical profile on a new cultivated pulaka
pit in Nukulaelae. A hole was dug out in the pit and observation was made to detect
different soil layers. These are well defined in Figure 44 below. In addition, soils in all
surveyed pits were examined for their texture, colour and other charateristics which are
highlighted in Table 40 below. Views of farmers about soil were also recorded. However,
physical observation records on soil per studied island were accounted in Tables 33, 36
and 39.
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4.2.4. Physical observation
Physical observations on crop growth status were conducted in the three study sites in
both affected and unaffected pulaka pits to record conditions of pulaka growth in
different pits. The specific features recorded during observations were soil color,
exposure to sunlight, growth status of pulaka and cultivation status. All observations
were tabulated and are presented in the results section for each island.

4.2.5. Weather data
The weather data used in this study include the general tide movement, rainfall and
maximum temperature for the day and time of groundwater testing. These weather data
were obtained from the Meteorological Services in Funafuti. The available weather and
tide data were for Funafuti only. Despite this, they were used to conduct R2 correlations
between the tested variables for Niutao, Funafuti and Nukulaelae islands.

4.2.6. Data analysis
All water and soil testing values were tabulated and analyzed using Microsoft Excel
2007. T-test between unaffected and affected sites in each area for different variables
were carried out using the R software. The same software was also used to conduct a
two-way ANOVA F-test between the variables and factors status (affected/unaffected)
and sites (islands). R2 correlations were also carried out for tested ground water
parameters from the studied pits. Furthermore R2 correlations were also conducted
between the tested ground water parameters and environmental parameters (tide, rainfall
and maximum temperature).
Graphs were also drawn from the average of affected and unaffected sites in each island
to show the trend of salinity content in the studied pits and data was compared to
previous studies (Webb (2007) and Rao (2011).
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4.3. Results

4.3.1. Niutao Island
4.3.1.1. Groundwater salinity
The affected and unaffected groundwater salinity average test results in twenty selected
pits in Niutao are given below in Table 30.
Table 30. Overall average of groundwater salinity testing in pulaka pits in Niutao.
Affected

Sites

1 Lolouli

2 Taufaiva

3 Tuaavai

4 Onefu

5 Matakakasi

6 Puaa-te-talo

pH

EC

TDS

Salt

Temp

GPS

(pH)

mS/cm

(ppm)

(ppt)

(oC)

(South)

GPS (East)

S-

E-

06.10698°

177.34885°

S-

E-

06.10723°

177.34888°

S-

E-

06.10721°

177.34953°

S-

E-

06.10723°

177.34992°

S-

E-

06.10808°

177.35034°

S-

E-

06.11227°

177.34718

S-

E-

06.11176°

177.34306°

S-

E-

06.11119°

177.34583°

S-

E-

06.11146°

177.34344°

8.2

7.9

8.3

7.9

7.8

8.0

0.8

1.2

0.6

1.0

0.6

0.3

0.6

0.8

0.3

0.7

0.3

0.3

0.4

0.6

0.3

0.5

0.3

0.1

29.9

27.2

30.9

31.7

28.8

29.1

7 Talo Lasi
North

7.8

0.4

0.3

0.2

30.1

8 Talo Lasi
South

8.1

0.6

0.5

0.3

31.3

9 Talo Lasi
East

7.7

0.4

0.2

0.2
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30.4

Unaffected
Pits

Unaffected

Unaffected

Unaffected

Unaffected

Unaffected

Unaffected

Unaffected

Unaffected

Unaffected

&

10 Talo Lasi
West

8.0

0.5

0.3

0.3

31.3

Average

7.97

0.64

0.43

0.32

30.07

11

Te

Pela

Utupoto 1
12

Te

7.7

Te

8.0

Te

9.3

Te

8.2

Te

7.4

Te

8.0

7.8

Te

8.0

Te

1.3

0.9

0.66

35.2

0.3

0.2

0.2

29.8

0.5

0.4

0.3

27.4

0.5

0.4

0.3

29.2

0.6

0.4

0.4

29.4

0.4

0.3

0.2

29.9

Pela

East
20

29.8

Pela

South
19

0.66

Pela

North
18

0.8

Pela

Salape
17

1.3

Pela

Sualiki S
16

28.0

Pela

Sualiki N
15

0.3

Pela

Utupoto 3
14

0.4

Pela

Utupoto 2
13

0.5

7.8

0.5

0.4

0.4

28.9

Te Pela

West

8.0

0.6

0.5

0.5

29.5

Average

8.02

0.65

0.47

0.39

29.71

8.0

0.6

0.4

0.3

29.9

Total
accumulative
averages
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S-

E-

06.11157°

177.34477°

S-

E-

06.11044°

177.34251°

S-

E-

06.10907°

177.34323°

S-

E-

06.10926°

177.34398°

S-

E-

06.10863°

177.35049°

S-

E-

06.10805°

177.35007°

S-

E-

06.10987°

177.34932°

S-

E-

06.11066°

177.34255°

S-

E-

06.10990°

177.34940°

S-

E-

06.10930°

177.34622°

S-

E-

06.11213°

177.34454°

Unaffected

Affected

Affected

Affected

Affected

Affected

Affected

Affected

Affected

Affected

Affected

T-test
values)

(p
0.771

0.945

0.667

0.295

0.665

The above table shows the 20 tested sites for groundwater salinity in Niutao. The sites
from both affected and unaffected pits have averages of pH (8.0), EC (0.6mS/cm), TDS
(0.4ppm), salt (0.3ppt) and temperature of 29.9oC. The results reveal that two unaffected
pits Taufaiva and Onefu both have high EC (1.15 and 1.01mS/cm), TDS (0.81 and
0.71ppm) and salt values (0.6 and 0.5ppt). Furthermore two affected sites Te Pela
Utupoto 1 and 2 also have high values of EC (1.31 and 1.32mS/cm), TDS (0.78 and
0.86ppm) and salt values (0.66 and 0.66ppt).
The p-values from the t-test shows there is no significance difference found between
variables in affected and unaffected sites in Niutao.
There are positive relationships between the tested ground water parameters within the
pits. Figure 21 and 22 below shows that salt and EC have a more positive relationship
with an R2 value of 0.6374. There are also positive relationships between TDS and EC
and salt and TDS with R2 values of 0.4185 and 0.418 respectively.

Graph A

Graph B

Figure 21. Graphs A&B shows correlations between EC to TDS and Salt in Niutao.

84

Graph B

Graph A

Figure 22. Graphs A&B shows correlations between TDS to EC and Salt in Niutao.

The following scattered graphs (Figure 23, 24 and 25) illustrate the relationship between
the tested ground water parameters (pH, EC, TDS and Salt) and the environment factors
(tide movement, rainfall and maximum temperature) during the survey. There are no
correlations between the tested ground water parameters in the studied pits and the
variations of environmental parameters in Niutao. Apart from pH and tide difference with

Linear
(pH)
Tide (m)

TDS (ppm)

EC (mS/cm)

y = -0.3822x + 8.7068
pH
R² = 0.1353

y = 0.0071x + 0.4531
TDS
R² = 0.0002
Linear
(TDS)
Tide (m)

y = -0.0731x + 0.8101
EC
R² = 0.0077
Linear
(EC)
Tide (m)

Graph A

Salt (ppt)

pH (pH)

an R2 value of 0.1353 all other parameters have R2 values less than 0.01.

y = -0.0176x + 0.4168
Salt
R² = 0.0016
Linear
(Salt)
Tide (m)

Graph C

Graph B

Graph D

Figure 23. Graphs A,B,C&D shows correlations between the tide movement and the tested
parameters (pH, EC, TDS and Salt).
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Rainfall (mm)

TDS (ppm)

EC (mS/cm)

Linear (pH)

y = -0.0025x + 0.473
TDS
R² = 0.0009
Linear
(TDS)

Rainfall (mm)

y = -0.0192x + 0.7206
R² =EC
0.0221
Linear (EC)

Rainfall (mm)

Graph A

Salt (ppt)

pH (pH)

y = -0.0305x + 8.0605
R² = 0.036
pH

y = -0.0079x + 0.4035
Salt
R² = 0.0131
Linear
(Salt)

Rainfall (mm)

Graph C

Graph B

Graph D

Figure 24. Graphs A,B,C&D shows correlations between rainfall and the tested parameters (pH, EC, TDS
and Salt).

EC (mS/cm)

pH (pH)

y = -0.0457x + 9.4152
R² = 0.0039
pH
Linear (pH)

Tempertaure Max (˚)

y = -0.0499x + 2.2349
R² =EC
0.0073
Linear (EC)

Temperature Max (˚)

Graph A
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Graph B

Salt (ppt)

TDS (ppm)

y = -0.0449x + 1.8718
TDS
R² = 0.0139
Linear
(TDS)
Temperature Max (˚)

y = -0.0362x + 1.5184
Salt
R² = 0.0134
Linear
(Salt)
Temperature Max (˚)

Graph C

Graph D

o

Figure 25. Graphs A,B,C&D shows correlations between the maximum temperature ( C) and the tested
parameters (pH, EC, TDS and Salt).
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Figure 26. Mean groundwater salinity levels in Niutao.

Figure 26 above illustrates the mean groundwater salinity levels in Niutao in various pits.
Te Pela sites (12 and 13) and Taufaiva (2) have high salt values of 0.66 and 0.6ppt. All
other sites have values between 0.11 and 0.52ppt.
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Figure 27. Shows the overall mean salinity levels (μS/cm) in 2006, 2010 and 2012.

Figure 27 above shows the trend in mean water salinity (µS/cm) levels between 2006
(Webb, 2007), 2010 (Rao, 2011) and 2012 data. Note: AF – Affected pit, UF –
Unaffected pit.
Taufaiva and Onefu (both UF sites) have the highest salinity values in 2012. However
there were no testing done there in 2006 and 2010 to compare the current values with.
Lolouli (UF) site recorded an increase of salinity values in 2012 (571µS/cm) compared to
2010 (493µS/cm) and 2006 (300µS/cm). The main affected site Te Pela recorded a
decrease in salinity in 2012 (629µS/cm) compared to the high salinity in 2010
(1460µS/cm) and a much higher value in 2006 (2973µS/cm). Other sites recorded a slight
decrease in salinity in 2012 compared to 2010 but the 2012 values are higher than 2006.
Table 31. Water salinity levels in public wells in Niutao.

Wells

ph
(pH)

EC
(mS/cm)

TDS
(ppm)

Salt (ppt)

Temp
(°C)

GPS
South

GPS East

Saleleka

8.3

0.7

0.5

0.3

26.6

06.11219°

177.34499°

Ioane

8.3

1.1

0.8

0.6

28.4

06.11255°

177.34430°

Matakakasi

8.0

0.6

0.4

0.3

28.2

06.10814°

177.35074°

88

The above table indicates ground water salinity values in the 3 tested public wells in
Niutao. Well Ioane has the highest value of 0.6 ppt and TDS of 1.1 mS/cm while Saleleka
and Matakakasi share the lowest value 0.3 ppt and 0.6 and 0.7 mS/cm).

4.3.1.2.

Soil chemicals and nutrients

Table 32. Result of chemicals and nutrients level of soil in affected and unaffected pits in Niutao (Nto).
Affected Site-Nto
Unaffected Site-Nto
Parameter
pH (Units)

7.2

6.5

Organic Carbon (%)

29.2

9.9

Calcium (mg/kg)

667

363

Sodium (mg/kg)

145

15.8

Magnesium (mg/kg)

285

34.3

Potassium (mg/kg)

6.04

0.84

Cation Exchange Capacity (CEC)

1,115

424

33.8

89.7

(mg/kg)
Phosphorus (mg/kg)

The above table shows that the affected pit obtains high values of all the parameters
being tested, except for phosphorus which tend to be low.The affected site soil have more
than 100% difference from the unaffected site in Organic Carbon, Calcium, Sodium,
Magnesium and CEC values.

4.3.1.3.

Physical Observation of Pits

The following Table 33 indicates the result of physical assessment to all the pits being
assessed.
Table 33. Results of physical assessment in Niutao.
Pits

Physical Observation

Lolouli

x

Northern part of the pit to halfway through the center is
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Vaipulaka

dead and covered with grasses with very few well grown
pulaka around the edge to the north-east.
x

The southern part to the center is well grown with more
healthy pulaka towards the center (ie; large leaves and tall)
while the very southern part is highly vegetated with short
and small pulaka.

x

Northern part soil looks dry and gray, whereas the central
area to the southern part looks black, swampy and with few
amount of compost deposited around various pulaka.

x

The pit receives full sunlight around midmorning to midafternoon. Early morning and late afternoon is fully shaded.

Taufaiva

x

Very tiny pit with healthy spacious grown pulaka.

Vaipulaka

x

The soil looks humus with some compost (kaiao) deposited
around most pulaka.

x

Always under shade every day. However, partly sunlight
can be received between branches and swayed coconut
fronds.

Tuaavai

x

Vaipulaka

Much bigger pit than Taufaiva. Very few unhealthy pulaka
were grown on the very north-east tip of the pit.

x

North to north-east and all around the edge to the south is
highly vegetated with young coconuts and few various
plants.

x

The soil is black and very swampy.

x

Receives full sunlight at noon time only, approximately
between 1100-1300 hrs.

Onefu Vaipulaka

x

Well grown pulaka within the entire pit and there are some
evidence of farmers’ work (composting) in some plots.

Matakakasi

x

The soil is dark and swampy.

x

Receive full sunlight during midday only.

x

A fairly large pit with well grown cultivated pulaka on the

Vaipulaka

southern segment to almost one third of the pit to the north
segment.

A small portion on the north-west was

unproductive with only grasses growing there.
x

The soil is dark and swampy all over the pit except on the
north-west portion which is unproductive tend to dry and
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become hard.

Puaatetalo

x

Sunshine is highly captured at midday.

x

The pit is fairly large with very healthy pulaka in the entire

Vaipulaka

pit. There is high evidence of cultivation in this pit in most
plots.

Talo

Lasi

x

The soil is dark and swampy.

x

Sunshine is highly receives at midday.

x

The most southern part is grown with some large and tall

Vaipulaka

pulaka in certain plots that are well attended. The western
edge from north to south is also grown with healthy pulaka
at certain plots that are well cultivated while most plots only
contain very few pulaka that are growing with struggle in
competing with some weeds and grasses. The very northern
tip also contains some small pulaka. Other segments of the
pit and in particular the center are well covered with weeds,
grasses, some banana and sugarcane patches. These
segments seemed to be abandoned for some time.
x

The soil still black and swampy in the entire pit. However,
at certain exposed spots, blankets of dark green algae highly
invade those spots.

Te Pela

x

The area is huge and highly invaded with red flowered black
mangrove (sagale in Tuvaluan) (Lumnitzera littorea) and
few other plants and coconut.

x

There are few pulaka growing at certain spots but seemed
not to be cultivated.

x

The soil is very dark and very swampy.

x

Whole area is exposed to sunlight in the past but not at the
current situation. However, the community began to carry
out some works to reinstate Te Pela status as before.

4.3.2. Funafuti Island
4.3.2.1.

Groundwater salinity
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The following Table 34 shows the results of groundwater salinity level tested in the three
main pulaka pits in Funafuti. The first 10 results in the green background were taken
from the Northern and Southern pits, while the other 10 results in yellow background
were taken from the central pit.
Table 34. Groundwater salinity level in the 3 pits in Funafuti.

Sites

ph
(pH)

EC
(µS)

TDS
(ppm)

Salt
(ppt)

Temp
(°C)

GPS
(South)

GPS
(East)

Affected &
Unaffected
Pits

E179.19572°

Unaffected

1 Southern
Pit

7.40

2.52

1.77

1.44

27.18

S08.524399°

2 Southern
Pit

8.18

1.83

1.44

1.06

27.43

S08.523527°

E179.19597°

Unaffected

3 Southern
Pit

8.23

2.64

1.83

1.54

27.48

S08.52261°

E179.19458°

Unaffected

4 Southern
Pit

7.98

2.78

1.87

1.56

27.34

S08.52264°

E179.19453°

Unaffected

5 Southern
Pit

7.84

2.58

1.78

1.45

27.29

S08.52271°

E179.19447°

Unaffected

E179.19843°

Unaffected

6 Northern
Pit

8.51

2.68

2.33

1.52

32.60

S08.52114°

7 Northern
Pit

7.86

2.49

1.77

1.32

27.25

S08.52110°

E179.19839°

Unaffected

E179.19821°

Unaffected

8 Northern
PitUJ
9 Northern
Pit
10
Northern
Pit
Average
11 Central
Pit

7.75

3.10

2.19

1.96

28.13

S08.52081°

7.73

2.90

2.04

1.76

27.08

S08.52058°

E179.19876°

Unaffected

8.01

2.75

1.70

1.42

28.50

S08.52055°

E179.19830°

Unaffected

7.95

2.63

1.87

1.50

28.03
S08.52174°

E179.19814°

Affected

7.87

6.57

4.89

3.72
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28.34

12 Central
Pit

7.66

3.25

2.25

1.84

27.15

S08.52121°

E179.19821°

Affected

13 Central
Pit

7.71

3.69

2.98

1.97

28.24

S08.52190°

E179.19518°

Affected

14 Central
Pit

7.56

4.21

3.57

2.11

27.96

S08.52191°

E179.19514°

Affected

E179.19519°

Affected

15 Central
Pit

7.91

3.56

2.63

1.89

28.38

S08.52183°

16 Central
Pit

7.84

3.21

2.43

1.86

28.32

S08.52180°

E179.19532°

Affected

E179.19535°

Affected

17 Central
Pit

7.87

3.98

2.86

1.92

28.34

S08.52174°

18 Central
Pit

7.81

4.01

3.21

1.98

28.3

S08.52168°

E179.19532°

Affected

19 Central
Pit

7.76

4.26

3.59

2.12

28.28

S08.52168°

E179.19540°

Affected

20 Central
Pit

7.79

3.79

2.97

1.96

28.29

S08.52157°

E179.19529°

Affected

Average

7.78

4.05

3.14

2.14

28.16

Total
Averages

7.9

3.3

2.5

1.8

28.1

t-test (pvalues)

8.05x100.1337 0.0003

5

0.004 0.8118

The above table shows the ground water salinity levels (20 sites) in three pits in Funafuti.
The samples from both affected and unaffected pits have averages of pH (7.9), EC
(3.3mS/cm), TDS (2.5ppm), salt (1.8ppt) and temperature of 28.1C. The Central Pit (11,
Affected) have the highest values of 6.6mS/cm (EC), 4.9ppm (TDS) and 3.7ppt (salt). All
other sites have values of less than 4mS/cm (EC), 3.5ppm (TDS) and 2ppt (salt).
However, the averages for Funafuti are very high compared to Niutao. The t-test p-values
for Funafuti show a very significant difference between the variables EC (0.0003), TDS
(8.05x10-5) and salt (0.004) between affected and unaffected pits.
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Figure 28 and 29 below show strong positive correlations between EC, TDS and Salts in
Funafuti selected tested samples. The R2 values are 0.9734 (EC and TDS), 0.9789 EC and
salt) and 0.9675 (TDS and salt). The R2 values of parameters within the studied pits in
Funafuti are higher than Niutao.

Graph A

Graph B

Figure 28. Graphs A&B shows correlation between EC and TDS and Salt in Funafuti.

Graph A

Graph B

Figure 29. Graphs A&B shows correlation between TDS and EC and Salt in Funafut

The following scattered graphs illustrate the relationship between the tested parameters
(pH, EC, TDS and Salt) against the tide movement, rainfall and maximum temperature
records during the survey. There are no correlations between the measured parameters
inside the selected pits and recorded tide, rainfall and maximum temperatures in Funafuti.
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Figure 30. Graphs A,B,C&D shows correlation between the tide movement and the tested parameters
(pH, EC, TDS and Salt).

y = 0.0104x + 2.707
Salt
R² = 0.0035
Linear
(Salt)
Rainfall (mm)

Graph C

Graph B

Graph D

Figure 31. Graphs A,B,C&D shows correlation between the rainfall and the tested parameters (pH, EC,
TDS and Salt).
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Figure 32. Graphs A,B,C&D shows correlation between the maximum temperature ( C) and the tested
parameters (pH, EC, TDS and Salt).

Figure 33 below shows the affected pulaka pit site 11 (Central Pit) has a very high salt
level (3.72 ppt) compared to the rest of the sites. Other tested sites have salt values
between 1 to 2.1ppt.
Salt (ppt), 11
1 Southern
Pit water
2 Southern
Pit
3 level
Southern
Pit
4 Southern Pit
Ground
salinity
Central Pit,
3.72in Funafuti
5 Southern Pit
6 Northern Pit
7 Northern Pit
8 Northern Pit
9 Northern Pit

10 Northern Pit

11 Central Pit

12 Central Pit

13 Central Pit

14 Central Pit
15 Central Pit
16 Central Pit
Salt (ppt), 19
Salt (ppt), 14
Salt Salt
(ppt),
18 20
Salt
(ppt),
13
Salt (ppt), 8
Salt
17(ppt),
Salt
(ppt),
15 (ppt),
Salt
(ppt),
16
Central
Pit, 2.12
Central
Pit,
2.11
17 Central Pit
18 Central
Pit
19
Central
Pit
20
Central
Pit
Salt
(ppt),
12
Salt
(ppt),
9
Central
Pit,
1.98
Central Pit,
1.97 Pit,
Northern Pit, 1.96
Central
Central
Pit,
1.92 Pit, 1.96
Central
1.89
Central
Pit, 1.86
Central Pit, 1.84
Salt (ppt),
4 (ppt), 6Northern Pit, 1.76
(ppt),
3 (ppt),
Salt
5
SaltSalt
(ppt),
1 Salt
Salt
(ppt),
10
Southern
Pit, 1.56Salt
Southern
Pit,
1.54
Northern
Pit,(ppt),
1.52 7Northern Pit, 1.42
Pit, 1.45
Southern
Pit,Southern
1.43
Salt (ppt), 2
Northern Pit, 1.32
Southern Pit, 1.06

Figure 33. Overall groundwater salinity levels in the 20 tested sites in Funafuti pulaka pits.
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Figure 34 below indicate the trend in groundwater salinity level (µS/cm) between 2006
(Webb, 2007), 2010 (Rao, 2011) and 2012 data.
Central Pit (AF),
2010, 9673
Central Pit (AF), Southern Pit (UF),
2010,
5646 Pit (UF),
Southern Pit (UF),2006, 5646
Northern
2006, 4493
2010, 4205
Northern Pit (UF),
2006, 2071

Southern Pit (UF)
Northern Pit (UF)
Central Pit (AF),
Pit 3057
(AF)
Northern
(UF),
Southern
PitCentral
(UF),Pit
2012,
2012, 2143
2012, 2029

Figure 34. Mean salinity levels in 2006, 2010 and 2012.
Note: AF- Affected, UF – Unaffected pits.

The above graph shows that the current study (2012) salinity values are lower compared
to 2010 and 2006 meansurements. The Central Pit have the highest salinity values in all
three years.

4.3.2.2.

Soil chemicals and nutrients

Table 35. Chemical and nutrient levels in soil in the affected and unaffected pits in Funafuti.
Parameter

Affected Site - Fun

Unaffected Site-Fun

pH (Units)

7.3

7.4

Organic Carbon (%)

4.1

5.0

Calcium (mg/kg)

363

401

Sodium (mg/kg)

12.5

10.8

Magnesium (mg/kg)

49.2

42.3

Potassium (mg/kg)

1.66

0.62

436

465

73.5

72.1

Cation

Exchange

Capacity

(CEC)

(mg/kg)
Phosphorus (mg/kg)
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The above table shows no major differences between the soil values of affected and
unaffected sites in Funafuti. There is less percentage of organic matter in affected
compared to unaffected pits. There is a higher amount of potassium in affected than
unaffected pits.

4.3.2.3.

Physical observation of pits

The following Table 36 shows the result of the overall physical observation in the pits.
Table 36. Result of overall physical observation of pits in Funafuti.
Pits

Physical Observation

Southern Pit

x

The central segment of the pit is dead and highly covered
with weed, particularly with (fue kena) the beach morningglory (Ipomoea macrantha). The southern segment is fairly
growing while the northern segment is grown more
satisfactory with some healthy pulaka in cultivated plots.

x

The soil is fairly black and swampy at highly cultivated
plots. Elsewhere is having hard soil in light brown color.

Northern Pit

x

It is 100% covered with sunshine whole day.

x

The central most part is also dead and covered with fue
kena. The entire rim all around of the pit is well grown with
pulaka and some taro (C. esculenta) at certain plots.

x

Fairly black and swampy soil at highly cultivated plots. On
uncultivated plots, the soil is hard and turned very light
brown to whitish-brown.

x

100% covered with sunshine between mid-morning to midafternoon.

98

x

Central Pit

The whole pit is dead and covered with weed, grasses, fue
kena at certain spots, devil’s twine (fetai in Tuvaluan)
(Cassytha filiformis), crinum lily (tapua in Tuvaluan)
(Crinum asiaticum) and some young trees like coconut,
pandanus (Pandanus tectorius) and lantern tree (puka vaka
in Tuvaluan) (Hernandia nymphaeifolia).

x

The soil is similar to normal ground soil which is hard with
mixture of rubbles.

x

100% covered

with sunshine from

midmorning to

midafternoon.

4.3.3. Nukulaelae Island
4.3.3.1

Groundwater Salinity

Groundwater salinity level testing (20 sites) was conducted in the 5 pits in Nukulaelae
and the following Table 37 is tabulating the average results. The first ten sites are from
the unaffected pit (Motutala) and the other ten sites are from the affected pit (Mataafale)
and other pits which were also highly affected during the most recent prolonged drought
in 2010-2011.
Table 37. Mean groundwater salinity levels in the tested pits in Nukulaelae.

Sites
1 Motutala
Pit

pH
(pH)

8.03

EC
mS/cm

8.83

TDS
(ppm)

6.27

Salt
(ppt)

4.66

GPS
(South)

GPS
(East)

Affected
&
Unaffected
Pits

28.50

S09.35189°

E179.81689°

Unaffected

E179.81676°

Unaffected

Temp
(⁰C)

2 Motutala
Pit

7.94

3.00

2.04

1.57

29.28

S09.35178°

3 Motutala
Pit

8.04

3.54

2.51

1.85

28.85

S09.36516°

E179.81682°

Unaffected

4 Motutala
Pit

7.60

3.02

2.14

2.33

28.90

S09.35138°

E179.81674°

Unaffected
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5 Motutala
Piti

8.53

13.26

9.37

7.00

28.83

S09.35109°

E179.81673°

Unaffected

E179.81673°

Unaffected

6 Motutala
Pit

8.23

2.81

1.99

1.54

27.90

S09.35102°

7 Motutala
Pit

8.09

2.24

6.21

5.23

28.85

S09.35115°

E179.81703°

Unaffected

E179.81696°

Unaffected

8 Motuala
Pit

8.33

4.62

3.27

2.48

28.85

S09.35130°

9 Motutala
Pit

8.31

3.93

2.51

2.00

29.32

S09.35137°

E179.81702°

Unaffected

10 Motutala
Pit

8.02

4.38

3.10

2.47

29.20

S09.35154°

E179.81693°

Unaffected

Average

8.11

4.96

3.94

3.11

28.85

11 Vai Lasi

8.34

4.78

3.36

2.70

29.33

S09.37165°

E179.80861°

Affected

12 Vai Lasi

8.18

7.41

5.24

4.30

29.98

S09.37216°

E179.80875°

Affected

13 Vai lasi

8.70

3.15

2.23

1.57

29.13

S09.37269°

E179.80879°

Affected

E179.80876°

Affected

14 Vai lasi

7.02

8.65

6.14

4.51

28.23

S09.37390°

15 Vai Lasi

8.43

8.29

5.89

4.32

28.95

S09.37442°

E179.80878°

Affected

16
Mataafale

8.27

3.98

2.80

2.21

28.20

S09.37720°

E179.81090°

Affected

17
Mataafale

8.08

1.70

1.92

1.48

28.55

S09.37751°

E179.81090°

Affected

18
Mataafale

8.03

2.41

1.00

5.32

28.47

S09.37779°

E179.81056°

Affected

100

19 Vai a
Uputaua
20 Vai a
Toe

8.08

3.48

0.70

5.10

27.13

S09.37773°

E179.81042°

Affected

S09.37805°

E179.81032°

Affected

7.90

3.29

2.30

1.83

27.30

Average

8.10

4.71

3.16

3.33

28.53

Total
Averages

8.1

4.8

3.5

3.2

28.7

t-test (pvalues)

0.9515 0.8726 0.4426 0.7847 0.3011

The averages for Nukulaelae selected Pulaka pits are much higher compared to Funafuti
and Niutao. The two Unaffected Motutala Pits (1 and 5) have high tested values of EC
(8.8, 13.3mS/cm), TDS (6.3, 9.4ppm), salt (4.7, 7.0ppt). The three Affected pits (12, 14,
15) have very high values of EC (7.4, 8.7, 8.3mS/cm), TDS (5.2, 6.1, 5.9ppm) and salt
(4.3, 4.5, 4.3 ppt). There are no significant differences between the measured parameters
of affected and unaffected pulaka pits in Nukulaelae as shown by t-test p-values.
Figure 35 and 36 below show positive correlations between the variables measured in the
pulaka pits in Nukulaelae. There is a strong positive correlation between TDS and EC
with a R2 value 0.9981. Salt-EC (R2 0.5264) and salt-TDS (R2 0.5216) have positive
correlations.
Graph A

Graph B

Figure 35. Graphs A&B shows correlation between TDS and Salt against EC in Nukulaelae.
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Graph A

Graph B

Figure 36. Graphs A&B shows correlation between EC and Salt against TDS.

The following scattered graphs (Figure 37, 38 and 39) illustrate the relationship between
the tested parameters (pH, EC, TDS and Salt) in the selected pits and tide movement,
rainfall and maximum temperature records during the survey. There are no correlations
found between all tested parameters in the pits and tide and weather variables. All R 2
values were below 0.004.
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Figure 37. Graphs A,B,C&D shows correlation between the tide movement and the tested parameters
(pH, EC, TDS and Salt).
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Figure 38. Graphs A,B,C&D shows correlation between rainfall and the tested parameters (pH, EC, TDS
and Salt).
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Figure 39. Graphs A,B,C&D shows correlation between the maximum temperature ( C) and the tested
parameters (pH, EC, TDS and Salt).

For salt values in Figure 40 below, Motutala Pit (i) have the highest value of 7ppt. All
other tested sites have values between 1.5 and 5.3ppt.
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Figure 40. Ground water salinity levels in Nukulaelae.
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Figure 41. Groundwater salinity level (μS/cm) trend in Nukulaelae pits for 2006, 2010 and 2012.
Note: AF – Affected, UF – Unaffected pits.

The above Figure 41 represents mean groundwater salinity trend in Nukulaelae in 2006,
2010 and 2012. The salinity measured in 2012 have high values compared to 2006 and
2010 in all Pits except Vaipulaka a Toe. Motutala (4446uS/cm), Matafale (4286uS/cm),
Vaipulaka Lasi (4971uS/cm) and Vaipulaka a Uputaua (7286uS/cm) have higher values
than previous measurements.

4.3.3.2

Soil chemicals and nutrients

Table 38. Chemical and nutrient values in soil at the affected and unaffected pits in Nukulaelae (Nkl).
Parameter
Unaffected Site - Nkl
Affected Site - Nkl
pH (Units)

7.3

8.5

Organic Carbon (%)

12.4

5.7

Calcium (mg/kg)

251

287

Sodium (mg/kg)

4.5

29.2

Magnesium (mg/kg)

35.8

55.8

Potassium (mg/kg)

1.66

1.48

Cation

303

383

81.2

33.7

Exchange

Capacity (CEC) (mg/kg)
Phosphorus (mg/kg)
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The above table represents result of soil analysis in the affected and unaffected pits in
Nukulaelae. There are some major differences between values of Organic Carbon,
Sodium, Magnesium, and CEC between affected and unaffected soils. The affected soils
have

higher

values

(55.8mg/kg;35.8mg/kg),

for
CEC

Sodium

(29.2mg/kg;4.5mg/kg),

(383mg/kg;303mg/kg)

and

Magnesium
Calcium

(287mg/kg;251mg/kg). On the other hand, the unaffected soil have higher Organic
Carbon percentage (12.4;5.7) and phosphorus (81.2mg/kg;33.7mg/kg).

4.3.3.3

Physical observation

The following Table 39 shows the overall field observation results to all the pits in
Nukulaelae.
Table 39. The table below indicates results of physical observation in pulaka pits in Nukulaelae.
Pits

Physical Observation

Vaipulaka Lasi

x

Northern part still under recovering. Some plots still not yet
attended therefore covered with weed and grasses.

x

Central part is recovered at the most and as a result several
farmers have attended their plots starting cultivating.

x

Southern part is also recovered except the very southern tip
that is barren and covered with grasses and some weed.

x

The soil looks black in the entire pit with variation of being
soft or hard. Plots which are cultivated have soft to swampy
soils while abandoned pits remains with hard soil.

x

In terms of sunshine capture, the whole pit is satisfactorily
receives sunshine most of the day.

Mataafale

x

Vaipulaka

Whole pit is dead and highly covered with weed and grasses.
However a small plot on the very northern segment contains
several taro (Colocasia esculenta); next to it is a small plot
started for cultivation; further down south-east on the rim of
the pit is another cultivated plot; and further southern tip
began to recover.

x

The soil looks dry in most part, fairly black in color and
where cultivation is started the soil seems to look soft and
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turn to black.
x

In terms of sunshine capture, the pit receives full sunshine at
noon time only except for the southern tip that only receives
partly sunlight at noon time through exposed light between
tree branches or coconut swaying fronds.

Vaipulaka

a

x

Uputaua

The whole pit is recovering moderately, however it is under
shade whole day.

x

The soil is humus and swampy.

x

The pit is quite small, fairly grown and always under shade.

Toematagi

x

Fairly black and soft soil.

Motutala

x

The southern segment started recovering with some weeds in

Vaipulaka

a

Vaipulaka

between spaces where pulaka is not growing. Certain parts
around the rim are being covered with fallow plants, some
trees and their seedlings.
x

The central area is dead and highly covered with weed and
grasses. Some banana patches were existing.

x

All around the north-east edges contains some grown pulaka
but not healthy.

x

The soil is black and swampy on the southern segment and
the very tip to the north as well certain part on the edges, but
hard and brownish in the middle of the pit.

x

4.3.3.4

The entire pit receives full sunlight at noon time only.

Soil profile

The following Table 40 below listed the information on soil (pela) characteristics as
obtained from physical observation and as a result of farmers’ interview. It was suggested
that this is the kind of soil profile that can be found in all pulaka pits in all the islands of
Tuvalu.
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Table 40. Characteristic of soil in pulaka pit in Tuvalu.
x

Newly excavated pits have sandy structure like the beach sand that require extra large amount of
organic matter to nourish it prior proper cultivation of pulaka.

x

Old pits have dark rich muddy soil.

x

Those pits being daily or very often cultivated had a soft structured and very dark rich soil (pela) with
healthy grown pulaka.

x

Pits of less cultivated had a hard structured and very light dark soil with fairly grown pulaka or no
pulaka.

x

In the case of ‘Te Pela’ in Niutao, the soil is dark and highly rich in organic structured matter. At
certain spots the top soil is covered with thick layers of sagale (Lumnitzera littorea) leaves.

x

Exposed top soil after the aftermath of the drought in most pits dries up and become very light dark
soil. At certain spots, the top soil is covered with black algae like blanket.

x

Hard working farmers argued that soil in their pits are consistently dark and rich throughout the life of
cultivation.

x

Soil structure (Te Bon in Nui and Pela in Tuvaluan) depends highly on the efforts of the farmer.

x

A farmer from Nui explained that soil (te bon) is a mixture of sand, organic matter and water. If you
work hard in your pit, you will obtain a dark rich soil with healthy pulaka.

x

A farmer from Funafuti reaffirmed that the bottom soil in pits is very similar to that of the beach very
fine sand called “te moa” in Tuvaluan.

The following Figure 42 below illustrates the overall soil profile in a young cultivated
pulaka pit from Nukulaelae. The soil reveals that there is invariable soil pattern and
colour from the surface to the water level mark, then radically changed colour to black
soil where there is inter-connection with the water lens. Further down to the bottom is a
beach like white fine sand.
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Figure 42: Soil profile taken from
a recently cultivated pulaka pit
in Nukulaelae (Vaipulaka a Toe).

4.3.4. 2-Way ANOVA Test
A 2-way ANOVA test on tested variables at Sites (islands) and Status (affected and
unaffected) summary results are given below.

Table 41. A 2-Way ANOVA analysis for the 3 studied sites.
Variables

Sites (Niutao, Funafuti,

Status (affected and unaffected)

Nukulaelae)
p-values

p-values

pH

0.0325

0.6923

EC

0.0596

0.5198

Salt

0.00331

0.41409

Temperature

0.200

0.623

TDS

0.0838

0.7143

There is a significant difference in the pH (0.0325) and Salt (0.00331) between the three
studied sites as the p-values for two variables are less than 0.05. There is no significant
difference with the EC (0.0596) and TDS (0.0838) between the three studied islands as
the p-values are more than 0.05 but less than 0.1. However, there is no significant
difference for all variables between affected and unaffected sites in all islands.
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4.4 Discussions

4.4.1
4.4.1.1

Niutao
Groundwater Salinity

Ground water salinity in pulaka pits in Niutao is distinctively wide-ranging at different
levels both within and between pits. The sites from both affected and unaffected pits have
averages of pH (8.0), EC (0.6mS/cm), TDS (0.4ppm), salt (0.3ppt) and temperature of
29.9oC. The results reveal that two unaffected pits Taufaiva and Onefu both have high EC
(1.15 and 1.01mS/cm), TDS (0.81 and 0.71ppm) and salt values (0.6 and 0.5ppt).
However, the selection of these two sites as unaffected was based from the view of the
people in Niutao, but their results confirm to be categorized as affected pits. However,
given that level, they fall acceptably in the limit of freshwater level (Webb, 2007).
Furthermore two affected sites Te Pela Utupoto 1 and 2 also have high values of EC (1.3
and 1.3mS/cm), TDS (0.78 and 0.86ppm) and salt values (0.66 and 0.66ppt). The values
are acceptably in the limit of freshwater level at 1500 – 2500 µS/cm (Webb, 2007). The
lowest salinity value is 0.11 ppt or 0.29 mS/cm at site 6 from Puaatetalo pit that rest
reasonably in the very fresh ground water zone at 250-500 µS/cm (Webb, 2007).
The t-test and 2-Way ANOVA p-values show no significance difference between the
tested variables in affected and unaffected sites. There are sites labelled as unaffected that
have higher tested values compared to the affected sites. However, the R2 values (0.4185
TDS-EC; 0.637 Salt-EC; 0.418 EC-TDS; 0.418 Salt-TDS) show positive correlations
between the tested parameters within the pits (Figure 21 and 22). On the other hand,
Figures 23, 24 and 25 show no correlation between the measured parameters in the pits
and environmental factors in Niutao. However, there is a need to conduct more samples
testing on the site and collect more specific tide (more than a month tidal cycle), rainfall
and temperature data in order to understand correlations between the chemical properties
of pulaka pits ground water and environmental factors.
In comparison to previous studies, Figure 27 illustrated the trends of ground water
salinity to be very high in 2006 at a level of 2973 µS/cm in Te Pela pit which is probably
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over the limit of freshwater level at 1500-2500 µS/cm, whereas 114 µS/cm as the lowest
value in Puaa-te-talo and Matakakasi pits, a level of salinity just above rainwater quality
at 40-120 µS/cm. The 2010 data, again Te Pela pit obtained the highest value of 1460
µS/cm, a level close to the limit of fresh water. The lowest value in 2010 was 300 µS/cm
in Lolouli pit, a value that rest definitely in the very fresh ground water level at 250-500
µS/cm. For 2012 data, 1150 µS/cm was the highest value in Taufaiva pit that lie closer to
the limit of freshwater levels. The lowest value is 290 µS/cm obtained from Puaa-te-talo
pit.
Overall there seems to be a reduction in salinity levels in the pits in Niutao Island.
However, there is no certainty that the affected pit (Te Pela) is fully workable at the
moment. The unclear line between the affected and unaffected pits tested parameters
shown in 2012 suggested that the farmers’ classification of affected and unaffected pits
started from 2006 when the pits were probably affected by high salinity. The very high
variation within the pits and in different years indicates very dynamic chemical processes
in the pulaka pits. The decrease in salinity compared to previous years indicates the
ability of the pits to recover because of heavy rains in the recent months. However the
high variability of salinity levels suggested that the pits are very vulnerable to variations
of levels of salt water intrusion and inundation associated with human poorly planned
infrastructure activities (Webb 2007; Rao 2010), storm surges and rise of sea level.
Ioane well Table 31 has the highest salinity value of 0.6 ppt or 1.1 mS/cm that rest
reasonably at the fresh groundwater level of 500-1500 µS/cm (Webb, 2007). The other 2
wells, Saleleka and Matakakasi retain much lower values at 0.3ppt or 0.6mS/cm and
0.7mS/cm which lie just above the very fresh groundwater level but lies in the fresh
groundwater level (Webb 2007). According to members of the community, Matakakasi
and Saleleka wells are the main sources of ground water in the past to now. In recent
years, the Niutao Kaupule installed a solar pump at Saleleka well to ease the extraction of
water. As a consequence, people realized after sometime the decline of pulaka growth in
the Talo Lasi which is adjacent to Saleleka. Given this situation, people then assumed
that over extraction of freshwater from Saleleka have contributed to pulaka declining and
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therefore the use of the solar pump was then ceased and never used again (Talapai, pers.
com., 2012),

4.4.1.2

Soil chemicals and nutrient

Table 32 indicates that the soil pH is within the optimum range of atoll soil for crop
production (pH 5.5 - 8.5) for both unaffected and affected giant swamp taro pits. The
percentage of organic carbon is higher in affected compared to unaffected pits. As
mentioned by farmers in Chapter 3, Te Pela was considered as the most fertile pit in
Niutao before it was affected. It produced very delicious and healthy giant swamp taro.
The other measured elements (Calcium, Sodium, Magnesium and Potassium) and Cation
Exchange Capacity (CEC) are very high in affected pits compared to unaffected pits. The
only nutrient higher in the unaffected pit soil is Phosphorus. The higher values in affected
pit soil are at toxic levels for crop growth as suggested by Morrison (1990). Furthermore,
the high CEC level indicated that the soil is frequently waterlogged. As shown in Chapter
3, there is also a thick green slimy alga found on top of Te Pela soil and the pulaka grown
there have rotten corms.
From physical assessment, Te pela pit has a poor drainage system, contain high rates of
organic materials, biosolids and composts with a high water table. Given this situation, it
was confirmed by Inglett et al. (2006) that anaerobic soil is existing and thus causing
difficulties for pulaka to grow. The main concern here is the fact that for low lying areas
like atoll islands, anaerobic soil conditions can last for several months compared to
highlands that only last for few days (P. W. Inglett et al., 2005). Therefore Te Pela pit is
suggested susceptiple to waterlogging and anerobic soil condition.

4.4.2 Funafuti
4.4.2.1

Groundwater Salinity

As shown in Table 34, the samples from both affected and unaffected pits have averages
of pH (7.9), EC (3.3mS/cm), TDS (2.5ppm), salt (1.8ppt) and temperature of 28.1oC. The
Central Pit (site 11, Affected) have the highest values of 6.6mS/cm (EC), 4.9ppm (TDS)
and 3.7ppt (salt). The Central Pit (site 11) exceeds the freshwater limit and lies at the
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mildly brackish water level range of 3000-5000 µS/cm (Webb 2007). Taking this highest
value of salinity in site 11, it doubles the value of pulaka salinity tolerance as suggested
by Webb (2007) which is ≥3000 μS/cm. From physical assessment of the pits, this
particular site 11 was no longer cultivated are over grown with weeds and coconut palms
and even the whole pit (Central pit) have been abandoned. The other affected and
unaffected sites with lower values (less than 4mS/cm (EC), 3.5ppm (TDS) and 2ppt (salt)
are lower than the suggested pulaka tolerance limit mentioned above but they are above
the freshwater salinity level.
The t-test p-values for Funafuti show a very significant difference between the variables
EC (0.0003), TDS (8.05x10-5) and salt (0.004) between affected and unaffected pits. The
2-Way ANOVA p-values also show a significance difference in the pH (0.0325) and Salt
(0.00331) between the three studied islands. Furthermore, Figures 28 and 29 show a
strong positive correlation between the tested parameters within the pits. However, there
are no correlations between the measured parameters inside the selected pits and recorded
tide, rainfall and maximum temperatures in Funafuti. However, as with the case in
Niutao, there is a need to collect more data both inside and outside the pits including tide
information within the tidal cycle in order to understand better the relationship between
the chemical dynamic of ground water and environmental factors.
In comparison of the salinity levels to the previous studies by Webb (2007) and Rao
(2011), Figure 34 illustrated the trend of the 3 studies. The Central pit was found to have
high values in all the 3 studies at 5646 µS/cm in 2006, then extremely high at 9673
µS/cm in 2010, and then decrease to 4053 µS/cm in 2012 which are all rests at the mild
brackish water and brackish water salinity levels as suggested by Webb (2007). The
Southern pit had a high value in 2006, decreases in 2010 and decreases again in 2012.
These values, together with values of the Northern pit rest very well between the limit of
freshwater and mildly brackish water. Given these values, a conclusion can be made that
Funafuti salinity level is reasonably high to cause stresses for pulaka growth. The
affected pits (Central Pit) have higher salinity values in 2006, 2010 and 2012. As with
Niutao, the farmers perception of affected pits in Funafuti could also started in 2006
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given the high salinity values measured in that year. All the salinity values in Funafuti are
much higher compared to Niutao may be due to waterlogged and not salinity alone.
Although, the salinity values in 2012 are lower compared to 2006 and 2010, they are still
high to cause pulaka damages. The lower value in 2012 does not indicate complete
recovery but it shows variable and vulnerable pits to salinity levels. Funafuti is much
narrower than Niutao and the location of the pulaka pits are on excavated and reclaimed
pits during World War two, making it more vulnerable to salt water intrusion and
inundation. Therefore, the affected pulaka pits in the Central Pit could be mainly due to
salt water intrusion, inundation or abandonment due to other favourable alternative
sources of foods (Chapter 3).

4.4.2.2

Soil chemicals and nutrients

Table 35 shows that Funafuti soils conditions are generally similar to Niutao. The soil pH
is within the optimum range for crop production (pH 5.5 - 8.5) in atoll soils However,
there is not much difference between the chemical contents of the affected and unaffected
soil in Funafuti. There is low organic carbon in Funafuti and there is no major difference
between affected and unaffected pits. The exchangeable cations (Ca, Na, Mg) are all very
high and at toxic levels for crop growth as suggested by Morrison (1990) in both the
affected and unaffected pits. The toxicity may be due to waterlogged instead of salinity.
They are present in very high levels in the affected and unaffected pits and at these levels
crops will struggle to grow. Potassium is the only nutrient present in adequate amounts.
The high values of CEC and some signs of anaerobic soil were suggested to have been
contributed to groundwater salinity presence that resulted in the abandonment of certain
pits in the Northern and Southern pits. However, for the Central pit, it was assumed that
high cations and sea water presence as tested in site 11, have contributed to the
abandonment of the pits.
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4.4.3

Nukulaelae

4.4.3.1

Groundwater Salinity

Ground water salinity in Nukulaelae as shown in Table 37 and Figure 40 varies from site
to site in various pits. The averages for Nukulaelae selected Pulaka pits are much higher
compared to Funafuti and Niutao. The two Unaffected Motutala Pits (1 and 5) have high
tested values of EC (8.8, 13.3mS/cm), TDS (6.3, 9.4ppm), salt (4.7, 7.0ppt). The three
Affected pits (12, 14, 15) have very high values of EC (7.4, 8.7, 8.3mS/cm), TDS (5.2,
6.1, 5.9ppm) and salt (4.3, 4.5, 4.3 ppt). Site 5 in Motutala pit has the highest salinity
value at 7 ppt (EC - 13.26mS/cm) which lies in the very brackish water level of 10,000 –
25,000 µS/cm. According to Webb (2007) guideline for C. chamissonis salinity tolerance
range, this value is far too high from the value of crop decline and failure which is ≥ 3000
µS/cm. From physical assessment, this particular tested site is taken from the borehole
where salt water used to emanate during high and or spring tides. The lowest salinity
value was found in site 17 at Mataafale pit at 1.48 ppt (EC - 1.70mS/cm), a value that lies
between the limit freshwater and mildly brackish water.
There are no significant differences between the measured parameters of affected and
unaffected pulaka pits in Nukulaelae as shown by t-test p-values. The 2-Way ANOVA pvalues also show no significant difference between the parameters tested in affected and
unaffected sites in Nukulaelae compared to other studied islands. However, there are
positive correlations between the tested parameters from studied pits in Nukulaelae. The
R2 values are TDS and EC (0.9981), Salt and EC (0.5264), EC and TDS (0.9981) and
Salt and TDS (0.5216). On the other hand, there are no correlations between the tested
ground water parameters from the pits and the changes in tide, rainfall and temperature
during the studied period. As mentioned for the Niutao and Funafuti islands, there is a
need to collect more samples and data from the ground water pits and also longer period
of time tide changes (tidal cycle) and other environmental factors in order to make good
assumptions on the relationship between the chemicals in the ground water in pits and
environmental factors.
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In comparison of groundwater salinity levels for 2006, 2010 and 2012, Figure 41
illustrate the trend that salinity values in 2006 was highest at the Mataafale pit at 3270
µS/cm, followed by the Vaipulaka a Uputaua at 1600 µS/cm, then the Vaipulaka a Toe.
Motutala and the Vaipulaka lasi obtained the lowest value of 444 µS/cm. Such salinity
values rest between the very fresh groundwater and the mildly brackish water levels
(Webb 2007). For 2010 data, the highest value was 8530 µS/cm from the Vaipulaka a
Toe, followed by the Vaipulaka lasi at 2918 µS/cm then Vaipulaka a Toe, followed by
Motutala and the lowest value was 725 µS/cm from the Mataafale pit. These values rest
between the fresh groundwater and the brackish water levels. The 2012 data reveals that
the Vaipulaka Lasi has the highest value of 6456 µS/cm, followed by Motutala at 5623
µS/cm then Vaipulaka a Uputaua, followed by Vaipulaka a Toe and Mataafale vaipulaka
has the lowest value at 2697 µS/cm. These values rest above the limit of freshwater and
the brackish water.
The 2012 values show a decrease compared to 2010 but an increase compared to 2006.
The trend for three years also indicates that the farmers’ perception of affected and
unaffected pits goes back to 2006. The pits with high salinity measurements in 2006 and
2010 were labelled by farmers as affected in 2012. On the other hand, Motutala
(unaffected) pit had the least measurements in previous years but have the second highest
salinity measurement in 2012. Interestingly, the three pits Vaipulaka a Uputaua
(affected), Matafale (affected) and Vaipulaka Lasi (affected) have high salinity
measurements in 2012 compared to 2006 and 2010. As shared by farmers in Chapter 3,
the serious drought of 2011 had major impacts on pulaka growth status. Nukulaelae was
the worst affected island of Tuvalu (Atu et al., 2011). Furthermore, the frequent
occurrence of storm surges might have contributed to the increase of salinity in the
affected pits as Nukulaelae is very narrow and similar to Funafuti.

4.4.3.2

Soil chemicals and nutrients

Table 38 indicates that the soils conditions in Nukulaelae are generally similar to
Funafuti and Niutao. The soil pH is within the optimum range for crop production (pH
5.5 - 8.5) in atoll islands. However, the values of chemical tested in Nukulaelae soils are
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much closer to Funafuti. Although organic carbon is low as in other atoll islands, the
unaffected sites have a higher values compared to the affected site. The other element
values are much higher in the affected soil site than the unaffected. There is a much
higher sodium value in the affected compared to the unaffected soil. The CEC values are
also very high and at toxic levels for crop growth (Morrison, 1990).
In general most of the pits have been abandoned due to the impacts of the drought and
previous salt water inundation and intrusion due to frequent storm surges (as in Chapter
3). Furthermore, although the salinity levels are decreasing generally compared to 2006
and 2010, the increase of the values in some pits indicate the dynamic variability of
salinity levels in the pits and also extreme vulnerability to salt water inundation,
intrusion, droughts and sea level rise.

4.4.4 Physical observation
From general observation of all the pits, the hazard of salt intrusion that was assumed by
farmers had caused pulaka decline and mortality. However, most revived pulaka began to
regain in all study pits and start growing to reach maturity after consistent rainfalls,
following the aftermath of the prolonged drought from 2010-2011. However, for those
pits been totally devastated during the drought have been substituted with weed, grasses,
other plant and tree species. For example; Te Pela in Niutao and the Central pit in
Funafuti were highly vegetated with weeds, plants and trees that reached the point of no
hope for cultivation. Furthermore, the middle part of Mataafale pit in Nukulaelae is
highly vegetated with weeds while Motutala pit on the eastern rim was vegetated with
fallow trees and plants. These are the stages that likely to discourage farmers to cultivate
their pits.

4.5 Study limitations and recommendations
The key limitations encountered during the research study include:
x

Time limitation - It was observed that the given time to carry out field work is
inadequate. Two to three weeks of staying on the islands was not sufficient to
carry out field assessments and testings of required parameters. More priority to
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this research is to find out one month moon cycle behaviour of the tide and its
impact on pulaka pits which cannot be achieved due to limitation of timeframe.
Therefore it is recommended that conducting field works on remote places need
more time to collect more samples, data and other environmental factors in order
to make good assumptions and results.
x

Transportation - This is a major concern when your study schedule does not meet
boat schedules to the islands. Even unexpected problems that may arise from
time to time on boat engines or navigational systems cannot be projected. For
example, after visiting the second study site (Niutao), the third site cannot be
visited for a month due to boat engine problems. As a result, an alternative study
site was changed to Funafuti, in order to meet travelling schedules.

x

Funding – This study was executed with funding shortages. The intial funding
proposal was not approved thus resulted to a cut down in budget that lead to the
prevention in conducting required workshops to collect information on pulaka.
Therefore, sufficient funding must be highly considered to cater for requirements
and other unforeseen circumstances.

x

Weather data – The weather data used in this study are those recorded for
Funafuti only as there is no other weather data that incorporate weather
information from Niutao and Nukulaelae.

x

Questionnaire – Given the fact that the piloted questionnaire (Appendix 1) was
not distributed to those islands not covered in the study at the first place; it was
then decided later to a development of a supplementary questionnaire that could
also cover the Global Climate Change Alliance (GCCA) Project areas in Tuvalu
which then distributed through PACE-SD project Coordinator in Tuvalu
(Appendix 2).

x

In general, there is a need to collect more samples and data from the groundwater
pits and also longer period of time to enable appropriate observations on tidal
cycle and other environmental factors; in order to make good assumptions on
relations between the chemicals in the groundwater in pits and environmental
factors.
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4.6 Conclusion
Groundwater salinity levels vary from pits to pits, however, there are certain spots found
to hold very high salinity levels that lies between the mildly brackish and the brackish
water levels as in the case of site 5 in Motutala pit in Nukulaelae and site 11 in the
Central pit in Funafuti. In general, Nukulaelae obtained high values of salinity, followed
by Funafuti while Niutao was having relatively low salinity values. According to salinity
guideline values as suggested by Webb (2007), Nukulaelae and Funafuti groundwater
salinity values lies between the limit freshwater and the brackish water levels. For
Niutao, salinity values lies between the rainwater and the freshwater levels. There is no
clear difference between the values in affected and unaffected pulaka pits in all islands
except Funafuti. This is due to the fact that the affected status of pulaka as perceived by
the farmers is an accumulated impact of previous events such as droughts and storm
surges that affect the salinity level in pulaka pits and caused stress and reduction of yield
of giant swamp taro. This leads to farmers abandoning the cultivation of pulaka and pass
the negative perception down to the next generation. In order to set a clear indication on
affected and unaffected pits for future studies, it is recommended that researchers confirm
status of pits from farmers as they know more then determine the affected and unaffected
pit/s.
The decrease in salinity values in all islands in 2012 compared to 2006 and 2010 is not an
indicator of reduces exposure of pulaka to salt intrusion but rather an evidence of great
variability of salinity in pulaka pits in Tuvalu. Furthermore, it also shows the
vulnerability of pulaka pits to adverse impacts of extreme events such as droughts, storm
surges and the threats of sea level rise.
The soil chemical profiles revealed that Niutao affected soil (Te Pela) has very high
values of CEC and other elements. This might be due to excess water logging at the pits
due to the disturbances of the natural hydrology systems as reported earlier or rising of
water table that lead to anaerobic soil conditions, unfavorable for pulaka growth. The soil
results from Funafuti and Nukulaelae show very low organic carbon but also high CEC.
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These are characteristics of atoll soils plus the low lying nature of atoll islands that also
contribute to the vulnerability of pulaka pits to adverse impacts of extreme events.
The main factors that affected salinity of water and soil in Niutao, Funafuti and
Nukulaelae are the variations of the measured variables due to tide movements, rainfall,
exposuredness and because of human unfriendly activities as in the case of constructing a
dyke in Niutao.
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Chapter 5
5. Adaptation strategic options and recommendations

5.1

Introduction

Adaptation options for food crops and in particular pulaka are fundamental for Tuvalu
(Iese 2005) given the status of impact on these food crops by climate change. Previous
situation analysis has shown that many plots in various pits, or even whole pits, have
been abandoned as farmers have migrated to New Zealand or elsewhere or being given
up due to salt water intrusion (Webb, 2007). The current situation shows many
abandoned pulaka pits which has contributed further challenges to some existing farmers
on the islands who wish to reinstate plots and pits to their former productive status. In the
case of Te Pela in Niutao, from recent assessment, the pit has been totally replaced by
mangroves, coconuts, pandanus and other plants. In other similar cases, the Mataafale
Vaipulaka in Nukulaelae and the Central Pit in Funafuti are also infested with grasses and
weeds with few trees and food-producing plants. This pattern of pit abandonment appears
to be repeated on Tuvalu’s other outer islands.
In a discussion with the Director of Local Government Mr. Lopati Samasoni, stresses the
point that Island Councils (Kaupule) were under a good care of the Ministry of Local
Government that responsible to provide assistances to families and communities as a
whole (Samasoni, 2012). Some of the assistances being rendered comprised of a
catamaran boat in Nanumea that transports farmers to and fro from the main settlement of
Nanumea to Lakena islet where the pulaka pits were situated. For the case of Nukulaelae
and Nui, the Kaupule were provided with shredders for farmers to make compost.
Funafuti was also provided with a shredder but through the Waste Management Unit
operating from the Ministry of Local Government. Nanumaga, Niutao, Vaitupu and
Nukufetau are relying mostly on their National Adaptation Programme of Action project
and other related projects.
The issues of population growth, climate change and resource over utilization as
highlighted by Iese (2005) and Jefferies (1997) are some key issues that should be taken
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into account for proper development of adaptation mechanisms for pulaka and other food
crops. The situation faced by the country during the recent drought as reported from
Nukulaelae (Nukulaelae Kaupule, 2012) was one of the worst climate change episodes
that ever strike the island which resulted in devastated food crops in particular pulaka.
Iese (2005) and Thaman (1994) emphasized that pulaka was highly valued in the small
atolls for food, income generation and promotion of socio-cultural values. Given this
value of pulaka, proper adaptation strategies and conservation would help maintaining
the crop’s cultural significance.
The shift in food diet from traditional crops to imported foods like rice, flour and biscuits
as pointed out by Iese (2005), Webb (2007) and Rao (2011) has great impact on the
traditional food crops like pulaka. Despite this, cultural values of pulaka remain firm and
contemplated by Tuvaluans (Taupale and Timo, pers. comm., 2012). In other cases, Iese
(2005) underscored that the ignorance of farmers and limited availability of land also
contributed to pulaka diminishing and a lesser amount of utilization.
The strategies for improving of resilience of pulaka and food security systems in Tuvalu
presented below are based on the suggestions and responses from farmers discussed in
Chapter 3 and also the salinity and soil status discussed in Chapter 4. The suggested
model below (Figure 43) is endeavor to present a scenario that thought to explain the
linkages of dependent and independent variables for the growth of pulaka. These
variables are very important as explained in Chapter 1, 2, 3 and 4 on the status of pulaka
growth and cultivation.
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Pits management

Figure 43. Model showing linkages of dependent and independent variables for the growth of pulaka.

This chapter aims to discuss some adaptation strategic options and recommendations that
could address the problems and concerns on food crops in particular pulaka.

5.2

Proposed adaptation strategies

All the proposed adaptation strategies discussed here are based on the findings of this
research. From the perspectives of communities as highlighted in Chapter 3, there are a
number of simple traditional adaptation options being practiced to encourage the growth
of pulaka and other food crops.

5.2.1 Coastal protection method.
The past engineered seawalls made of concrete blocks as illustrated in Figure 45 which
consist of lining up concrete blocks on the beach and the gabion-basket method consist of
a 1 m2 mesh wire basket filled with rocks all along the beach, had been proved to fail the
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purpose of being constructed. They appear to contribute more to erosion than protecting
the coastal area. The traditional “fakapae” method as confirmed from Nukulaelae by
those families executing it, works good to protect coconut trees and coastal areas than
current proficiently engineered seawalls. The “fakapae” consist of erected coconut/tree
trunks cut in short lengths and arranged on the beach to form a protection from the wave.
The inner area of the “fakapae” is then filled with garden waste and planted with
coconuts (Figure 44). Protecting the coastal area helps keep pulaka pits from being
affected by sea water encroachment.
A proper feasibility study is important to be carried out in all islands in order to employ
such traditional method. Tuvalu Government through the Public Work Division (PWD)
and the Department of Agriculture are recommended to look into the issue for practical
implementation throughout the country. On the other hand, collaborative work within
communities is very essential to ensure good practice of the method.

Figure 44. Traditional beach protection “fakapae” in Nukulaelae.
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Figure 45. Failure of a concrete blocks seawall in Nukulaelae.
Note: This seawall site is the one mentioned in Figure 5.

5.2.2 Protecting the pit from salt water.
Nukulaelae farmers constructed a cement wall (Figure 46) around the borehole where sea
water used to spread over the pit in Motutala during king tides and stormy days
associated with storm surges was confirmed to solve the problem as highlighted in Table
18 in Chapter 3. Islands with similar problems should apply the method as it is been
confirmed to be feasible. In the case of proper engineering, the Government through the
Public Works Department (PWD) ought to provide technical assistances.
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Figure 46. Constructing of cement walling around the borehole in Nukulaelae.

5.2.3 New pulaka pits innovation.
New pulaka pit innovation as currently practised in Funafuti and Nanumaga was
confirmed to work well as highlighted in Table 19 – Chapter 3. The innovation consists
of the construction of an engineered cement pit/s outside homes or on any available land
plot that is appropriate to grow pulaka (Figure 47). This innovation was confirmed by
Laatasi, pers. com., (2012) as the most viable and very effective method to avoid salinity
intrusion and anaerobic soil problems. Now, this technique is preferential by some
farmers’ who are currently adopting it as revealed from the interview result in Table 19 –
Chapter 3. In the case of Nanumaga Island, they are adopting it as their main adaptation
activity under the National Adaptation Programme of Action project.
Given the feasibility of the innovation, Government through the Department of
Agriculture should look into the matter and consider projects to all islands. It is also
recommended that the Agriculture Department in close liaison with local experts from
Nanumaga and Funafuti visit all the islands conducting workshops regarding the
innovation. Although the innovation is quite expensive to individual farmers, however,
government assistant through projects proposals would overcome the situation.

Figure 47. Cemented pulaka pit.
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Note: Erected coconut fronds shelter over and around pulaka to protect soil moisture.
Source: Atu et al, 2011.

5.2.4 Basket cultivation method.
Coconut fronds used as basket cultivation method around pulaka with compost from
dried leaves are essential to protect soil moisture during drought and sunny days as
illustrated in Figures 48 and 49 below. This method was also practiced in Kiribati (Webb,
2007). In order to maintain the knowledge, farmers are urged to continue using it and
share knowledge as appropriate.

Figure 48. Basket cultivation method using coconut fronds or pandanus leaves.
Note: This composting method is useful to maintain moisture during drought and sunny days.
Source: Atu et al, 2011.

Figure 49. Basket cultivation method from Kiribati.
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Source: Webb, 2007.

5.2.5 Maintaining big grown trees around pits edges.
Planting and keeping grown trees around pits is fundamental to protect pulaka by
providing shade. This is a common practice but there is a risk of pulaka damages during
hurricanes and bad weather. Rao (2011) also reported in her research findings that
healthier pulaka are those growing on the edges as they receive shade most of the time,
and therefore maintain moisture more than those in the inner area of the pits (Figures 50
and 51).
It is essential for farmers in this type of method to form an association that can take care
of the maintenance of grown trees. For instance, those huge trees needed to be pruned
must be pruned before hurricane seasons, or areas that are required to be planted with
some trees, must be planted with appropriate species. The government through Island
Councils (Kaupule) should look into the matter, assisting farmers to develop plans and
provide appropriate working tools.

Pit edge
Inner pit

Figure 50. Healthy pulaka grown at the edge of the pit than inner pit.
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Figure 51. A fairly healthy pit under palm shade in Niutao.

5.2.6 Improve cropping systems
Developing of short and long term strategies that can support the cultivation of pulaka
and other food crops during droughts, bad weather seasons, or at times when it is difficult
to access them or being devastated is very essential for Tuvalu.

Short term strategies as suggested by respondents in Chapter 3:
¾ Establishment of farmers association on each island to look into farming issues
and try arranging all necessary plans to boost farming on each island as well as
the consumption of local foods. This would work progressively if the association
could work collaboratively with a wide range of people and groups like the elders;
women association; schools; youths; “Te Malosiga” the traditional group of
active youths, men and women; extended family groups; and institutions existing
on the islands like the health, agriculture and Kaupule.
¾ Introduction of short term plant varieties that could be harvested in 3-4 months
like sweet potato, cassava, etc, by the Government through the Department of
Agriculture, and provide essential tools and planting techniques.
¾ Agriculture Department should conduct workshops occasionally on each island to
strengthen crop cultivation, using local practices and try setting up few
demonstrations plots per island.
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¾ Increase water storage capacities per household to cope assisting irrigation
systems.
¾ Backyard gardening (home gardening) adopting the “Fatoaga Fiafia” Happy
Garden system implemented by Taiwan Technical Mission in Funafuti.
¾ Construction of farm houses where necessary with water tanks for irrigation
purposes.
¾ Frequent provision of weather data and proposal of early warning information for
drought and bad weather by the Meteorological Services to farmers. Information
dissemination through the media and internet since outer islands are having
internet is essential.
¾ Proper management of underground water. The use of well water during drought
must be appropriately managed. As in the case where solar pumps were installed,
this has to be properly monitored.
¾ Family group working together in pulaka pits. As it is been a practice in some
islands, it is recommended that these groups are re-established and reinforced to
continue and maintain the system.
¾ Strengthening of youth associations in all islands to become self motivated and
having the courage in assisting families in the cultivation of food crops.
¾ School kids are anticipated to take part in food crop cultivation where necessary.
Long term strategies:
¾ Shifting from mono-cropping culture to rotational and multi-cropping along with
the adoption of western most appropriate technologies.
¾ Introduction of new cultivation methods along with salt tolerant crop varieties in
collaboration with regional organisations. The Department of Agriculture to
consider this in its food crop development program and long term planning
activities.
¾ Re-establishing of traditional activities such as earmarking every Friday as the
day for pulaka farming and other food crop cultivation. It would be appropriate if
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the farmers association is established and work along with the elders in a cultural
norm for planning and implementation of this suggestion.
¾ Reinstating abandoned pulaka pits. Given the status that there are different
owners of pits and pit plots, it is fundamental that proper decision and agreement
is made by the elders and owners in a traditional norm on how to go about
planning and implementation activities and phases. The assistance of the
Agriculture Department is very essential for the procurement of appropriate tools
and perhaps the development of a project proposal that would assist the
reinstating of abandoned pits to their normal status.
¾ Island councils (Kaupule) to provide long term plans in securing appropriate
farming tools and machineries that could help farmers and individual families in
their farming endeavour.
¾ Establishment of new planting schemes for coconuts, pandanus, breadfruits,
bananas and other food crops. The Department of Agriculture to involve the
Kaupule and individual families in the planning and implementation phases. The
past schemes on coconut plantations are working progressively and effectively,
and therefore can be taken as follow up planning scheme.

5.2.7 Food market accessibility for pulaka and other food crops.
Given the current situation that there is a local produce market been constructed on
Funafuti, it is now appropriate to make arrangement for pulaka to be commercialized.
SPC (2011) highlighted that pulaka is of high importance for commercial and subsistence
farming, and also contains provitamin A carotenoids that help good vision, build blood
and fight against infection. The Government should look into this opportunity and
provide a feasibility study and a subsidy to farmers, so that pulaka and other food crops
can be sold to consumers on Funafuti at an affordable rate. Once there is a market open
for pulaka commercialization, then farmers will be encouraged to maintain their pulaka
pits to grow pulaka and other potential food crops.
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5.2.8 Funding opportunity for food crops.
The underlying notion to the following options is to ensure that the abandoned pits and
under-utilized pit plots are replaced to fully utilize and productive pits. The current
unappealing situations will remain everlastingly if there is no external assistance is
accessible.
Option 1:
The Government to consider establishing a trust fund for food crops only that could be
operated by local farmers but under proper management of the Local Government.
Perhaps the adoption of western practices that are available is essential, and therefore it is
appropriate that the Government consider assistances from overseas institutional experts
(SPC, USP, etc) to work along with the local government and farmers in securing and
operating the fund efficiently and effectively.
Option 2:
The existing Tuvalu Trust Fund operational objectives can be revised to integrate the idea
of food crops recovery. A collaborative effort is required from all stakeholders in
Government, community experts and farmers, island councils, and regional organizations
and institutions (SPC, USP and other relevant CROP agencies) to set up the most
appropriate strategy that could be implemented in order to fully utilize the fund
efficiently and effectively.
Option 3:
The Government to provide a proposal that can be considered by overseas farmers or
institutions that can work in partnership with to revitalize the abandoned pits. Employing
a different cropping system to these pits that could continue their socio-economic
sustainability from an expert opinion and countersigned by local farmers shall be
appropriately endorsed and implemented.
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5.2.9 Control of infrastructure
Infrastructure requirement is becoming increasingly important on all the islands and in
particular on Funafuti. The sourcing of aggregate from the coastal environment is the
only way to cater for infrastructure and building constructions. Such practice has imposed
risk for coastal erosion that lead to other environmental risks such as salt water intrusion
and over topping wave that can distribute saline water to adjacent pits to the coastline.
There was a case in Niutao as highlighted by Webb (2007) where they construct a dyke to
protect the inner lagoon salt water from entering into the pulaka pits. Certainly the dyke
appears to fail the desired effect and have probably exacerbated the salinity and water
logging problem. Webb added that there was also a case in Vaitupu where salt water
occurred in some swamp taro after the construction of the seawall along the lagoon
shoreline. Disturbance of the natural hydrology as suggested by Webb (2007) possibly
will aggravate saline intrusion hurdles.
Possibly there is a need for vital controllable measures to be established for the control of
infrastructure constructions. Proper environmental impact assessment is fundamental
prior any construction is carried out. The Government with line Ministries and all
stakeholders have to work collaboratively establishing new measures as necessary or to
implement existing measures effectively to control infrastructure constructions.

5.2.10 Other adaptation views
According to farmers’ views which also highlighted by Iese (2005), Webb (2007) and
Rao (2010), they confirmed that the “pulaka kula” variety grows successfully on
Funafuti. However, from conversation with Taupale (pers.com. 2012) the “atimainiku”
variety which brought by his brother in-law from Kiribati still grows successfully in his
pits. Another farmer Laatasi (pers.com. 2012) shared his technique to avoid saline
pollution. He dug up one of his large pit to the bottom hard stratum, leave the soil to dry,
filter back the soil and remove all the rocks then add mulch fetched from Tepuka islet
contained in WWII machinery scraps. He did this within approximately 18 years period
and found his pit to be the best and well grown pit compared to other pits next to it on
Funafuti.
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5.3

Relevant Government adaptation projects

5.3.1 National Adaptation Program of Action (NAPA)
The NAPA is the outcome of the UNFCCC in COP7 in which Least Developed Countries
(LDCs) (of which Tuvalu is a member) are obliged to develop their NAPA as a way
forward to address their climate change priority concerns. Tuvalu identify 7 priority
concerns as highlighted in Chapter Two and amongst them, priority 2 determine the
introduction of salt tolerant pulaka species to increase subsistence pit grown pulaka
productivity. Tuvalu is currently implementing its NAPA in accordance to individual
islands priorities and this main priority was selected by the island of Nanumaga and
Niutao as their main priority ground activity while other islands chose coastal protection
(Nukufetau and Nukulaelae) and water supply (Nui, Nanumea and Vaitupu).
The activities conducted by the NAPA on Nanumaga and Niutao which involve the
upgrading of farming systems in pulaka pits are progressing well. The report obtained
from Nanumaga Island informed that the farmers were so proud that their pulaka gardens
were growing successfully. On the other hand, given the current drought problem in
2010-2011, the Government approved some alterations to the project to consider the
promotion of backyard gardening on all the islands to cater for the problem of food crisis.
Now all islands and in particular Nukulaelae, had started their home gardening and
acknowledged that the system is affordable, simple and viable and the benefit goes direct
to the household.
The water improvement activities are on progress on Nui, Nanumea and Vaitupu.
However, there are still more water reservoirs required for reservation in times of
drought.
The coastal protection activities were already started by planting trees along the coast. It
was reported by people that there are problems encountered by these young plants as
some fail to grow. The application of the “fakapae” as mentioned earlier would aid
assistance to the growth of these plants.
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There are other relevant activities conducted by the Agriculture Department in
collaboration with SPC to screen various varieties of pulaka, sweet potato and taro to
identify salt tolerant varieties to improve food security in atoll islands.
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Chapter 6
6 General conclusion

The underlying principle of this overall work is to ensure that certain enduring
information were obtained and published to facilitate efficient and effective measures to
overcome the abandonment of pulaka pits in Tuvalu. Pulaka (C. chamissonis) is the main
traditional food crop which is embedded within the culture of Tuvaluans. It symbolizes a
range of strong cultural values since the early ancestors and now its value, although still
recognized by Tuvaluans, is likely to be neglected and is gradually fading away.
There were about 21 pulaka varieties recorded during this study as an improved list to the
previous studies. Chapter 3 shows that the general populations of studied islands have an
understanding of the impacts of climate change on pulaka and other important crops
cultivation. Farmers have good understanding as they face these changes and impacts
frequently. They are also employing several innovative techniques to improve the
resilience of pulaka and other crops. However, many farmers are abandoning their pits
due to old experiences and perceptions of salt water impacts on pulaka growth.
There is a need for continuous efforts to thoroughly test and monitor the status of pulaka
pits in order to advice farmers to return to cultivate the pits or find alternative solutions or
use the space to establish other important development for resilience. The youth also
witness the impacts of extreme events and climate change on pulaka pits and food
security systems however, the need for modern education and securing a job leads to
failure to learn the traditional knowledge of cultivating pulaka. Diet shift also encourages
the youth to consume easily available foods such as rice, flour and canned meat rather
than growing and raising their own foods. Students understand the issue of climate
change very well but they are more concern about reduction of green house gases and
international negotiations rather than the specific impacts of climate change observed on
their livelihoods and everyday life.
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Overall, the combine strategies from respondents to improve food security and pulaka
growth in Tuvalu as detailed in Chapter 5 raises hope that they are not giving up. They
are working and enduring the impacts and they are determined to maintain the growth of
pulaka for current and future generation.
The overall groundwater salinity assessment disclosed that there was remarkable
variation within and between pits. Nukulaelae and Funafuti values rest between the
tolerable growing conditions (equivalent to 1,000 – 2,000 µS/cm) and the crop decline
and failure levels (equivalent to ≥ 3000 μS/cm) as suggested by Webb (2007)
groundwater salinity guideline. At these critical magnitudes, it shows that the pits in these
two islands are stagnant with salt water, thus determine unpleasant growth for pulaka. On
the other hand, Niutao groundwater salinity is more satisfactory for pulaka growth as it
rests mostly at the ideal growing conditions (Webb 2007). Despite this, and in association
with Funafuti and Nukulaelae, a number of pits have been abandoned for several years
owing to two main reasons. First, it is due to the impact of climate change and climate
variability with salt intrusion, water logging and poorly planning infrastructure as
discussed in earlier chapters. Then the social attitude and undertaking of the people that
create diversification from the cultural importance of the pulaka.
The soil in pulaka pits are of calcareous formation that have been continuously improved
for cultivation through laborious efforts of farmers in composting their pits. However, the
soil sampling analysis conducted to both the affected and unaffected pits confirm that the
exchangeable cations (Ca, Na, Mg and k) were all very high and at toxic levels for crop
growth in both the affected and unaffected pits. Given this situation, pulaka will be under
pressure having difficulties to grow, unless farmers are working hard adding compost to
ensure better mulch in their pits.
Rainfall plays a vital role in the water lens recharge that aids the progress growth of
pulaka. The overall rainfall in Tuvalu as obtained from the three studies shows that there
is more rainfall in 2006, followed by 2012 and less rainfall in 2010. The minimal rainfall
in 2010 coincided with the prolonged drought that commenced from mid-2010 to the last
quarter of 2011. As reported by the Nukulaelae Kaupule (2010), the drought in 2010 is
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one of the worst ever - devastating food crops on the island and in particular pulaka. The
whole country suffered from lack of water and a state of emergency was declared.
Traditional food crops and pulaka in particular due to its reliance on water, were severely
affected by the minimal rainfall in 2010.
It is highly recommended that Tuvaluans retain the cultural importance of pulaka as it is
a prestige given by their ancestors. Collaborative responsibility by the Government,
community and community organizations, regional organizations (eg: SPC, USP and
other relevant CROP agencies), farmers and individuals is the key point towards proper
sustainability and retaining the cultural value of pulaka in Tuvalu. Collaborative
responsibility is important but it is vital that communities themselves play a leading role
at the outset.

138

References
AALBERGSBERG, B. & HAY, J. 1991. Implications of climate change and sea level rise for Tuvalu:
report of a preparatory mission, South Pacific Regional Environment Programme.
ANTHONY, S. S., PETERSON, F. L., MACKENZIE, F. T. & HAMLIN, S. N. 1989. Geohydrology of the
Laura fresh-water lens, Majuro atoll: A hydrogeochemical approach. Geological Society
of America Bulletin, 101, 1066-1075.
ATU, F., SAMUELA, J. & SINCLAIR, P. 2011. Rapid Drought Assessment Tuvalu.
AUSTRALIAN BUREAU OF METEOROLOGY AND CSIRO 2011. Climate Change in the Pacific:
Scientific Assessment and New Research. Volume 1: Regional Overview. Volume 2:
Country Reports. Australia.
BARR, J. J. F. 1992. Coconut improvement in Kiribati. Ministry of Environment and Natural
Resources Development. Tarawa, Kiribati.
BASKER, A., MACGREGOR, A. & KIRKMAN, J. 1992. Influence of soil ingestion by earthworms on
the availability of potassium in soil: An incubation experiment. Biology and Fertility of
Soils, 14, 300-303.
BERNATH, P., BLACK, J. & BRAULT, J. 1985. The spectrum of magnesium hydride. The
Astrophysical Journal, 298, 375-381.
BESNIER, N. 1990. Conflict management, gossip and affective meaning on Nukulaelae.
Disentangling: Conflict discourse in Pacific societies, 290-334.
BOYD, C. E. 2000. Water quality: An introduction, Springer.
BRADY, N. C. & WEIL, R. R. 1996. The nature and properties of soils, Prentice-Hall Inc.
BUOL, S. W., HOLE, F. D., MCCRACKEN, R. J. & SOUTHARD, R. J. 1997. Soil genesis and
classification, Iowa State University Press.
BURSTROM, H. 2008. Calcium and plant growth. Biological Reviews, 43, 287-316.
CAI, W., LENGAIGNE, M., BORLACE, S., COLLINS, M., COWAN, T., MCPHADEN, M. J.,
TIMMERMANN, A., POWER, S., BROWN, J. & MENKES, C. 2012. More extreme swings of
the South Pacific Convergence Zone due to greenhouse warming. Nature, 488, 365-369.
CARTY, T. 2012. Extrem Weather, Extreme Prices: The costs of feeding a warming world. .
Cowley, Oxford, OX4 2JY, UK.
CHANG, S. & JACKSON, M. L. 1957. Fractionation of soil phosphorus. Soil science, 84, 133-144.

139

CHAVES, M. M., FLEXAS, J. & PINHEIRO, C. 2009. Photosynthesis under draught and salt stress:
regulationmechanisms from whole plant to cell. Anals of Botany, 103(4), 551-560.
Oxford University Press. UK, 551-560.
CHINNUSAMY, V. & ZHU, J.-K. 2004. Plant salt tolerance. Plant responses to abiotic stress, 241270.
CHRIS STOKES & HOWDEN., M. 2010. Adapting Agriculture to Climate Change: Preparing
Australian Agriculture, Forestry and Fisheries for the Future. CSIRO Publishing, 150
Oxford Street, Collingwood VIC 3066, Australia.
COPE, J. 1981. Effects of 50 years of fertilization with phosphorus and potassium on soil test
levels and yields at six locations. Soil Science Society of America Journal, 45, 342-347.
DALAL, R. 1977. Soil organic phosphorus. Adv. Agron, 29, 83-117.
DALY, B. & HILL, L. (eds.) 2008. Recommended methods for soil, plant and water analysis.,
Landcare Research. Palmerston North, NZ.
DEENIK, J. L. & YOST, R. S. 2006. Chemical properties of atoll soils in the Marshall Islands and
constraints to crop production.
DEGTYAREVA, O. 2010. Crystal structure of simple metals at high pressures. High Pressure
Research, 30, 343-371.
DENISENKOV, P. & IVANOV, V. 1987. Sodium Synthesis in Hydrogen Burning Stars. Soviet
Astronomy Letters, 13, 214.
DEZUANE, J. 1997. Handbook of drinking water quality, Wiley.
DONAHUE, R. L. & MILLER, R. W. 1990. Soils: An Introduction to Soils and Plant Growth., pp. xiv
+ 768 pp.
DUNN, E. 1976. Report on a visit to the island of Tuvalu. . Noumea, New Caledonia: SPC.
DYE, J. L., CERASO, J. M., LOK, M., BARNETT, B. & TEHAN, F. J. 1974. Crystalline salt of the
sodium anion (Na-). Journal of the American Chemical Society, 96, 608-609.
EGGEMAN, T. 2007. Sodium and Sodium Alloys. Kirk-Othmer Encyclopedia of Chemical
Technology.
ENGLBERGER, L., AALBERSBERG, W., RAVI, P., BONNIN, E., MARKS, G. C., FITZGERALD, M. H. &
ELYMORE, J. 2003. Further analyses on Micronesian banana, taro, breadfruit and other
foods for provitamin A carotenoids and minerals. Journal of Food Composition and
Analysis, 16, 219-236.
ENGLBERGER, L., MARKS, G. C., FITZGERALD, M. H. & LIPPWE, K. 2005. Food composition data
from the Federated States of Micronesia. MICRONESICA-AGANA-, 37, 195.
140

ESCHENBACH, W. 2004. Tuvalu not experiencing increased sea level rise. Energy & Environment,
15, 527-543.
FALKLAND, T. 1999. Water Management for Funafuti, Tuvalu. Sept 1999. Australian Agency for
International Development, Canberra.
FAO. 2011. Farm and Forestry Production and Marketing Profile for Giant Swamp Taro
(Cyrtosperma chamissonis). .
FELDMAN, I. R. & KAHAN, J. H. 2007. Preparing for the day after tomorrow: frameworks for
climate change adaptation. Sustainable Dev. L. & Pol'y, 8, 61.
FERGUSON, I. 1984. Calcium in plant senescence and fruit ripening. Plant, Cell & Environment, 7,
477-489.
FINLAY, K. & WILKINSON, G. 1963. The analysis of adaptation in a plant-breeding programme.
Crop and Pasture Science, 14, 742-754.
GREENHILL, S. J. & CLARK, R. 2011. POLLEX-Online: The Polynesian Lexicon Project Online. .
50(2), 551-559.
GRIMM, N. B., FAETH, S. H., GOLUBIEWSKI, N. E., REDMAN, C. L., WU, J., BAI, X. & BRIGGS, J. M.
2008. Global change and the ecology of cities. science, 319, 756-760.
HAGAN, D., DOBBS, C., TIMILSINA, N., ESCOBEDO, F., TOOR, G. & ANDREU, M. 2012.
Anthropogenic effects on the physical and chemical properties of subtropical coastal
urban soils. Soil Use and Management, Volume 28., pp 78-88.
HATHER, J. G. & WEISLER, M. I. 2000. Prehistoric giant swamp taro (Cyrtosperma chamissonis)
from Henderson Island, southeast Polynesia. Pacific Science, 54, 149-156.
HAY, J. E. & SEM, G. 2000. Vulnerability and Adaptation: Evaluation and Regional Synthesis of
National Assessments of Vulnerabilityband Adaptation to Climate Change. . SPREP, Apia,
Samoa.
HEDLEY, C. 1900. The atoll of Funafuti, Ellice group: its zoology, botany, ethnology, and general
structure based on collections made by Mrs. Charles Hedley, of the Australian museum,
Sydney, NSW, The Museum.
HOLLOWAY, W. D., ARGALL, M. E., JEALOUS, W. T., LEE, J. A. & BRADBURY, J. H. 1989. Organic
acids and calcium oxalate in tropical root crops. Journal of Agricultural and Food
Chemistry, 37, 337-341.
HON. LAATASI, K. 2012. RE: Peresonal Communication.
HOOPER, A. & HUNTSMAN, J. 1973. A demographic history of the Tokelau Islands. The Journal of
the Polynesian Society, 366-411.
141

HUNTER, J. R. 2002. A Note on Relative Sea Level Change at Funafuti, Tuvalu. Hobart, Tasmania
7001, Australia.
IESE, V. 2005. Characterization of the giant swamp taro (Cyrtosperma chamissonis (Merr.)
Schott) using morphological features, genetic fingerprinting and traditional knowledge
of farmers in the Pacific. MSc. Thesis. Biology Department, School of Pure and Applied
Sciences, The University of the South Pacific, Suva, Fiji.
INGLETT, P. W., REDDY, K. R. & CORSTANJE, R. 2006. Anaerobic Soils. Elsevier Ltd. University of
Florida, USA.
INTAKES, I. 2005. Nutrient Reference Values for Australia and New Zealand including
Recommended Dietary Intakes. . Commonwealth of Australia and New Zealand
Government.
IPCC. 2012. Summary for Policymakers. In: Managing the Risks of Extreme Events and Disasters
to Advance Climate Change Adaptation.
JEFFERIES, M. J. 1997. Biodiversity and Conservation.
KASPAR, T. & BLAND, W. L. 1992. Soil temperature and root growth. Soil science, 154, 290-299.
KAWAI, K., KUWAHARA, S., ONJO, M., NODA, S., NISHIMURA, A., TOMINAGA, S. & NAGASHIMA,
S. 2010. The Influence of Environmental Changes on the Micronesian Area: a Case Study
of Islands in Pohnpei State, Federated States of Micronesia. ༡
ኴᖹὒ◊✲.
KELLOGG, C. E. 1937. Soil survey manual, US Dept. of Agriculture.
KELLOGG, C. E. 1957. Stefferud, Alfred. ed. Soil: The Yearbook of Agriculture 1957.
KELVIN, W. T. B., JOULE, J. P. & REGNAULT, V. 1851. On the Dynamical Theory of Heat: With
Numerical Results Deduced from Mr. Joule's Equivalent of a Thermal Unit and M.
Regnault's Observations on Steam, Society.
KLEMM, A., HARTMANN, G. & LANGE, L. 2000. Sodium and Sodium Alloys. Ullmann's
Encyclopedia of Industrial Chemistry.
KOETKE, W. H. 1993. The Final Empire: The Collapse of Civilization and the Seed of the Future.:
Arrow Point Press, .
KRAUSS, R. M., ECKEL, R. H., HOWARD, B., APPEL, L. J., DANIELS, S. R., DECKELBAUM, R. J.,
ERDMAN JR, J. W., KRIS-ETHERTON, P., GOLDBERG, I. J. & KOTCHEN, T. A. 2000. AHA
Dietary Guidelines: revision 2000: A statement for healthcare professionals from the
Nutrition Committee of the American Heart Association. Circulation, 102, 2284-2299.
KUHLKEN, R. 2002. Intensive agricultural landscapes of Oceania. Journal of Cultural Geography,
19, 161-195.
142

LATTER, F. Y. & THOMAS, F. R. 2003. KIRIBATI:" SOME ASPECTS OF HUMAN ECOLOGY.
LAUTI, T. P. & AREA, F. M. C. Year. Community-based Conservation and Challenges of Urban
Population in Funafuti, Tuvalu. In: Volume 3 Conference Papers, 2001. 5.
LEBOT, V. 2009. Tropical Root and Tuber Crops: Cassava, Sweet Potato, Yams and Aroids.:
Wallingford [etc.] : CABI.
LIANG, B., LEHMANN, J., SOLOMON, D., KINYANGI, J., GROSSMAN, J., O'NEILL, B., SKJEMSTAD, J.,
THIES, J., LUIZAO, F. & PETERSEN, J. 2006. Black carbon increases cation exchange
capacity in soils. Soil Science Society of America Journal, 70, 1719-1730.
LIU, J. & ZHU, J. K. 1998. A calcium sensor homolog required for plant salt tolerance. science,
280, 1943-1945.
LIVINGSTON, J. V. 2005. Agriculture and soil pollution: new research, Nova Science Pub
Incorporated.
MACLEAN, R. F. & HOSKING, P. L. 1991. Geomorphology of reef islands and atoll motu in Tuvalu.
South Pacific Journal of Natural Science, 11:167-189. [Online].
MANNER, H. 2010. Farm and Forestry Production and Marketing Profile for Giant Swamp Taro
(Cyrtosperma chamissionis). Specialty Crops for Pacific Island Agroforestry. Permanent
Agriculture Resources (PAR), Holualoa, Hawai ‘i. Retrieved October, 28, 2010.
MASSY, Z. A. & DRUEKE, T. B. 2012. Magnesium and outcomes in patients with chronic kidney
disease: focus on vascular calcification, atherosclerosis and survival. Oxford University Press.
MATAIO, T. 2012. RE: Personal Communication.
MAXWELL, J. C. 1897. Theory of heat, Longmans, Green, and Company.
MAXWELL, J. C. 2001. Theory of heat, Dover Publications.
MENGEL, D. D. 1914. Fundamentals of Soil Cation Exchange Capacity. West Lafayette, IN 47907.
Department of Agronomy, Purdue University. [Online].
METAI, E. Year. Vulnerability of freshwater lens on Tarawa–the role of hydrological monitoring
in determining sustainable yield. In: Case study presented as part of Theme, 2002.
METUTERA, T. 2002. Water management in Kiribati with special emphasis on groundwater
development using infiltration galleries. Proceedings of the Pacific Regional Consultation
on Water in Small Island Countries, Sigatoka, Fiji Islands, 29.
MIMURA, N. 1999. Vulnerability of island countries in the South Pacific to sea level rise and
climate change. Climate research, 12, 137-143.
143

MORRISON, R. 1990. Pacific Atoll Soils: Chemistry, Mineralogy, and Classification, National
Museum of Natural History, Smithsonian Institution.
MOURITS, L. J. M. 1996. An assessment of saltwater intrusion in babai pits and some water
supply projects on Makin, Butaritari and Abaiang, Republic of Kiribati, South Pacific
Applied Geoscience Commission.
MUNNS, R. 2002. Comparative physiology of salt and water stress. Plant, Cell & Environment, 25,
239-250.
MUNNS, R. & SHARP, R. E. 1993. Involvement of abscisic acid in controlling plant growth in soils
of low water potential. Australian Journal of Plant Physiology: [Online].
NAKANO, K. & ONJO, M. 2003. An Overview of Aroid Cultivation on Atolls in the Pacific Ocean.
Kagoshima University Research Center for the Pacific Islands Occasional Papers, 39, 8791.
NATIONAL TIDAL FACILITY 2002. Sea Level in Tuvalu: Its Present State, report, National Tidal
Facility. National Tidal Facility, Australia
(http://www.ntf.flinders.edu.au/TEXT/NEWS/tuvalu.pdf). Accessed on 1/07/2013.
NELSON, G. C. 2009. Climate change: Impact on agriculture and costs of adaptation,
International Food Policy Research Inst.
NUKULAELAE, K. 2010. Brief Report on the Effects of the Drought from June 2010 – October
2011. Tuvalu.: Nukulaelae Kaupule.
OVERTON, J. 1999. A future in the past? Seeking sustainable agriculture. Strategies for
Sustainable Development.
P. W. INGLETT, K. R. REDDY & CORSTANJE., R. 2005. Anaerobic Soils. University of Florida,
Gainesville, Fl, USA. Elsevier Ltd. [Online].
PATON, K. & FAIRBAIRN-DUNLOP, P. 2010. Listening to local voices: Tuvaluans respond to
climate change. Local Environment, 15, 687-698.
PLUCKNETT, D. Year. Giant swamp taro, a little-known Asian-Pacific food crop. In: Proceedings
of the 4th Symposium of the International Society for Tropical Root Crops (Colombia,
1976), IDRC-080e (Cock, J., MacIntyre, R. and Graham, M., eds), 1977. 36-40.
POUYAT, R., YESILONIS, I., RUSSELL-ANELLI, J. & NEERCHAL, N. 2007. Soil chemical and physical
properties that differentiate urban land-use and cover types. Soil Science Society of
America Journal, 71, 1010-1019.
RAILSBACK, L. B. 2006. Some fundamentals of mineralogy and geochemistry. On-line book,
quoted from: www. gly. uga. edu/railsback.

144

RAO, S. 2011. Salinity Tolerance of Giant Swamp Taro (Cyrtosperma merkusii); In vitro and In
vivo. Master of Science., University of the South Pacific.
RAO, S., TAYLOR, M. & JOKHAN, A. 2010. Giant Swamp Taro (Cyrtosperma Merkusii)
Characterization Descriptor List and Cultivars. Suva, Fiji: Faculty of Science, Technology
& Environment, University of the South Pacific. Secretariat of the Pacific Community,
Centre for Pacific Crops & Trees.
REYNOLDS, M. P. 2010. Climate change and crop production. . Vol. 1. CABI, Volume 1.
ROBERT, R. G. 1955. Coral atoll cookery. The Journal of the Polynesian Society, 227-232.
RODGERS, K. A. 1992. OCCURRENCE OF PHOSPHATE ROCK AND ASSOCIATED SOILS IN TUVALU,
CENTRAL PACIFIC.
SAMASONI, L. 2012. RE: Personal Commuinication.
SANDERS, F. & AUXIER, J. 1962. Neutron activation of sodium in anthropomorphous phantoms.
Health Physics, 8, 371-379.
SCHARROBA, A., DIBBERN, D., HÜNNINGHAUS, M., KRAMER, S., MOLL, J., BUTENSCHOEN, O.,
BONKOWSKI, M., BUSCOT, F., KANDELER, E. & KOLLER, R. 2012. Effects of resource
availability and quality on the structure of the micro-food web of an arable soil across
depth. Soil Biology and Biochemistry.
SERWAY, R. A. 1998. Principles of Physics (2nd ed ed.). . Fort Worth, Texas; London: Saunders
College Pub. p. 602. ISBN 0-03-020457-7.
SHEN, S. & GEMENNE, F. 2011. Contrasted views on environmental change and migration: the
case of Tuvaluan migration to New Zealand. International Migration, 49, e224-e242.
SPC 2002. Population and Housing Census; Volume 1 - Analytical Report.: Secretariat of the
Pacific Community.
SPC. 2006. Taro: Pacific food leaflet No.5. SPC - BP D5 Noumea Cedex. [Online].
SPC. 2011. Tuvalu’s crippling drought offers important lessons to the Pacific. .
SPENCER, D. 1950. The effect of calcium and soil pH on nodulation of T. subterraneum L. clover
on a yellow podsol. Crop and Pasture Science, 1, 374-381.
SPREP 1997. National Environment Management Programme. SPREP, Apia, Samoa.
STEWART, K. 2005. Tuvalu Climate Adaptation Report. Friends of the Earth Australia.
http://www.climateimc.org/en/breaking-news/2005/12/19/tuvalu-climate-adaptationissues.

145

SUBBARAO, G., ITO, O., BERRY, W. & WHEELER, R. 2003. Sodium—a functional plant nutrient.
Critical Reviews in Plant Sciences, 22, 391-416.
TALAPAI, S. 2012. RE: Personal Communication.
TALIA, M. 2009. Toward Fatele Theology: A Contextual Theological Response in Addressing
Threats of Global Warming in Tuvalu. Accessed from
http://ir.taitheo.org.tw:8080/ir/handle/987654321/1523 on 5/03/2013.
TAYLOR, M. & GUARINO, L. 2006. Regional strategy for the ex situ conservation and use of crop
genetic diversity in the Pacific Islands Region. Land Resources Division. SPC.
TAYLOR, M., TUIA, V., KAMBUOU, R. & KETE, T. Year. Root and tuber crops of the Pacific: A
resource for meeting the challenges of the 21st century. In: 15th Symposium of ISTRC,
Lima, Peru November, 2009. 14-22.
TEBANO, T., BARAKO, E., AUATABU, T., KAKAU, E. & KIATA, R. 2008. Community Consultation,
Risk Assessment & Adaptation, and Training. In: BERETITENTI., O. O. T. (ed.). Kiribati.
THAMAN, R. 1994. Ethnobotany of Pacific Island coastal plants. Science of Pacific Island peoples,
3, 147-184.
THAMAN, R. 2002. Threats to Pacific Island biodiversity and biodiversity conservation in the
Pacific Islands. Development Bulletin, 58, 23-27.
THIAGALINGAM, K. 2000. Soil and plant sample collection, preparation and interpretation of
chemical analysis.
TIMO, S. 2012. RE: Personal Communication.
TUVALU, G. O. 1997. Tuvalu National Environmental Management Strategy. SPREP, Apia, Samoa.
TUVALU, G. O. 2006. Household Income and Expenditure Survey- 2004/2005.: Central Statistics
Division, Ministry of Finance, Economic Planning & Industries; Government of Tuvalu.
TUVALU, G. O. 2007. National Adaptation Plan of Action (NAPA). In: ENVIRONMENT. (ed.).
Tuvalu Government, Funafuti, Tuvalu.
TUVALU, G. O. 2011a. Te Kakeega II: National Strategy for National Development 2005-2015
Review. Tuvalu Government, Tuvalu.
TUVALU, G. O. 2011b. Tuvalu Millenium development goals (MDGs) Report. Ministry of Finance
and Planning, Vaiaku, Funafuti, Tuvalu.
TUVALU, G. O. 2011c. Tuvalu National Biodiversity Strategy & Action Plan (NBSAP). Prepared for
the Government of Tuvalu with the assistance of UNDP& SPREP and funding from the
GEF. In: DEPARTMENT., E. (ed.). Vaiaku, Funafuti, Tuvalu.
146

TUVALU, G. O. 2011d. Tuvalu National Strategic Action Plan for Climate Change and Disaster Risk
Management 2012-2016. In: MINISTRY OF FOREIGN AFFAIRS, T., TOURISM,
ENVIRONMENT AND LABOUR. (ed.). Funafuti, Tuvalu.
VETTOOR, S. V. 2003. Electrical conduction and superconductivity. Resonance, 8, 41-48.
VICKERS, A. 2001. Handbook of water use and conservation, WaterPlow Press.
VORONEY, R. P. 2006. "The Soil Habitat". In Soil Microbiology, Ecology and Biochemistry, . Eldor
A. Paul ed. ISBN 0-12-546807-5.
WAIRIU, M., LAL, M. & IESE, V. 2010. Climate Change Implications for Crop Production in Pacific
Islands Region.
WARWICK, J. J., COCKRUM, D. & MCKAY, A. 1999. MODELING THE IMPACT OF SUBSURFACE
NUTRIENT FLUX ON WATER QUALITY IN THE LOWER TRUCKEE RWER, NEVADA1. JAWRA
Journal of the American Water Resources Association, 35, 837-851.
WEBB, A. 2007. Assessment of salinity of groundwater in swamp taro (Cyrtosperma
chamissonis)“puluka pits in Tuvalu. EU EDF8-SOPAC Project report Suva, Fiji, SOPAC, 75,
37.
WEBB, A. & KENCH, P. 2010. The dynamic response of reef islands to sea-level rise: Evidence
from multi-decadal analysis. Global and Planetary Change : 234-246.
WELLER, O. 2002. The earliest rock salt exploitation in Europe. A salt moutain in Spanish
Neolithic. Antiquity, 76.
WELLER, O. & DUMITROAIA, G. 2005. The earliest salt production in the world: an early Neolithic
exploitation in Poiana Slatinei-Lunca, Romania. Antiquity, 79.
WHITE, I. & FALKLAND, T. 2010. Management of freshwater lenses on small Pacific islands.
Hydrogeology Journal, 18, 227-246.
WHITE, R. E. 2009. Principles and practice of soil science: the soil as a natural resource, WileyBlackwell.
WHITELAW, M. 1999. Growth promotion of plants inoculated with phosphate-solubilizing fungi.
Advances in Agronomy, 69, 99-151.
WUDDIVIRA, M. & CAMPS-ROACH, G. 2007. Effects of organic matter and calcium on soil
structural stability. European journal of soil science, 58, 722-727.
ZHU, J.-K. 2001. Plant salt tolerance. Trends in plant science, 6, 66-71.

147

Appendix 1
MATT RESEARCH QUESTIONNAIRE
DATA COLLECTION FOR GIANT SWAMP TARO
(Cyrtosperma chamissionis)

1.0 GENERAL INFORMATION
1.1 Researcher Information
1.1.1 Name of Interviewer:
1.1.2 Name of Household Head:
1.1.3 Sex:
1.1.4 Work title(s):
1.1.5 Country:
1.1.6 Island:
1.1.7 Date this form is filled out (day/month/year):
1.2 Demography
1.2.1 Number of people in your household?
1.2.2 Number of people doing farming?
1.2.3 Highest level of education obtained by any household member?
1.3 Giant Swamp Taro
1.3.1 List variety of giant swamp taro you grow (local names):
2.0

BRIEF INTRODUCTION
2.1
Are these crops important to your family/community/island/country?
2.2

3.0

How do you rank them against all other staple crops according to importance (culture, food
security, economic reasons and climate change)?

2.3 Have you ever obtained any new variety from SPC CePACT or from other country?
GROWING CONDITIONS
3.1 What were the conditions under which these varieties have been cultivated in your island? (can
choose more than one)
Wet land
(flooded)

Wet land
(raised beds)
Atoll (pits)

Dry
land

Natural swamp
3.2
3.3
3.4
3.5
3.6

Elevation range above mean sea level? (using GPS)
Was irrigation required?
Mean Annual Rainfall (Met Services): Low
mm;
Mean Annual Temperature (Met Services):
Low
Soil type?

High
mm
0
C;
High
C;

0

Sandy/Coralline

Volcanic coarse texture (sandy)

Volcanic fine texture (clayey)

Other (local)

3.7

How did you manage the crop in the field? (monocrop, spatially or periodic intercrop)

3.8

How did you grow your pulaka? (you may specific or provide a quick scenario)
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4.0 PEST AND DISEASES
4.1 Did any of the following pest cause damage to your crops?
Insects
Nematodes

4.2
4.3

Whitely fly
Mitimiti disease
Aphids
Root knot nematode
Hornworm
Lesion nematode
Mealy bugs
Spiral nematode
Taro beetles
Burrowing nematode
Taro plant hoppers
Other pest:
If there was a pest problem how did you manage it?
Did any of the following diseases infect your crops?
Virus
Fungi
Dasheen mosaic virus (DsMV)

Corm soft rot

Other (local):

Shot hole
Taro leaf blight

4.4

Bacterial soft rot
Other diseases:
If there was a disease problem how it was managed?

4.5

Did any of these pests and diseases attack parts of your crops?

5.0 HARVESTING
5.1 Maturing stage (months):
4-10
10-12

5.2

12-18

19-24

Other:
Number of days/weeks/months after harvesting before crop goes bad:
Months
Weeks
Days

6.0 PARTS OF THE PLANT AND UTILIZATION
6.1 Leaf:
6.2

Petiole:

6.3

Corm:

6.4

Other parts:

149

24-30

7.0 PROCESSING
7.1
7.2
7.3
7.4
7.5
7.6
7.7

Food
Medicine
Animal Feed
Forage
Ornamental
Ceremonial
Other

Part of the plant used:
Flowers
Leaves
Petioles
Flowers
Leaves
Petioles
Flowers
Leaves
Petioles
Flowers
Leaves
Petioles
Flowers
Leaves
Petioles
Flowers
Leaves
Petioles
Flowers
Leaves
Petioles

Corm
Corm
Corm
Corm
Corm
Corm
Corm

8.0 ADAPTABILITY TO CLIMATE CHANGE
General response to extreme climatic conditions:
8.1 Drought
Susceptible
Tolerant
Resistant
Susceptible
Tolerant
Resistant
8.2 Winds
8.3 Salt
Susceptible
Tolerant
Resistant
8.4 High temperature
Susceptible
Tolerant
Resistant
8.5 Low temperature
Susceptible
Tolerant
Resistant
8.6 Other:
Susceptible
Tolerant
Resistant
8.7 In the past 30 years how healthy are your pulaka compared to today situation?

8.8

If changes happened, explain how and what make these changes as you may think?

8.9

Any other information you may think relevant on the impact of pulaka due to climate change
and salinity?

9.0 PROBLEMS
Describe the problems and/or abnormalities you have observed in:
9.1

in the field:

9.2

during nurturing:

10.0

PLANT PHOTOS

11.0

PLEASE PROVIDE ANY OTER INFORMATION YOU FEEL IS RELEVANT
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Appendix 2
MATT RESEARCH SHORT VERSION QUESTIONNAIRE
DATA COLLECTION FOR GIANT SWAMP TARO
(Cyrtosperma chamissionis)
(Fesili kite savea o pulaka)
1.

Do you grow pulaka? If yes, list down as many reasons why you grow them? (e.g tradition, for sale,
enjoy eating, etc, etc)
(Mata e toki io me fakaola ne koe a pulaka? Maafai tau tali ao, fakamatala pogai e toki iei ne koe a
pulaka?) (eg: mo fai aga fakaTuvalu, mo togi, mo kai, etc, etc)

1.b. Did you used to grow pulaka? If YES – what are the reasons you stopped growing it?
(E masani koe o fakaola pulaka? Maafai ao, nea pogai ko gata iei te fakaolaaga?)

2.

Given the status of abandoned pits, can you list down the reasons why pulaka are less cultivated or not
cultivated at all now?
(Ona ko tulaga o vaipulaka ko tiakina nei, e mafai o fakamatala a pogai me kaia ko se saga tino o toki a
pulaka?)

3.

Who do you think is responsible to retain pulaka cultivation and why?
(Kooi e tau o fakamalosi neia te fakatumauga te tokiga o pulaka, a kaia?

Note: This short version questionnaire was dispatched to unvisited islands through the Pacific Center for
Environment and Sustainable Development (PACE-SD) in-country project Coordinator in Tuvalu and
managed to obtain feedbacks only from Nanumea, Nanumaga, Funafuti and Nukulaelae.
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