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1 Project synopsis
This report has been prepared in support of the end-of-project review for ACIAR
project Hort 2014-077. The report outlines project activities, outputs and
achievements between March 2016 and May 2019 (date of the review).
The project’s current contractual end date is 30th December 2019.
Hort/2014-077 is a four-year ACIAR-funded initiative to support the development of resilient tropical
fruit value chains in Fiji, Samoa, and Tonga, based on the five regionally significant fruit crops:
pineapple, mango, breadfruit, citrus and papaya.
The project has four core objectives:
1.
2.
3.
4.

To increase the efficiency of fruit value chains through improved productivity and postharvest
handling practices
To improve climatic resilience of breadfruit through improved canopy management and
investigating the diversity of breadfruit tree form
To provide targeted capacity building to private sector and government extension services in
support of identified fruit value chains
To enhance the engagement of smallholder farmers and communities in functional supply
chains to maximise pro-poor and livelihood resilience outcomes

Through this project, we have sought to enhance production and postharvest handling efficiency of
pineapple value chains in Fiji, Samoa and Tonga; improve the Fijian and Samoan breadfruit
industries through better agronomic and postharvest handling practice; explore the potential of
developing breadfruit-dwarfing rootstocks using agronomic, grafting and molecular-bases
approaches; improve the quality and supply of mango on the Fiji domestic market; re-build domestic
citrus industry in Tonga, and enhance local Institutional and private sector capacity to support fruit
value chains.
With the exception of papaya and breadfruit, there has been little prior investment in Pacific fruit crop
development in the Pacific. Given a diverse range of commodity-specific challenges, the longer-term
nature of tree fruit research, and a focus on outer-island or remote community engagement, this
project has adopted a multi-disciplinary and country specific approach. In the initial stages of the
project there was also a strong social science component with the objective of seeking to maximising
poverty alleviation outcomes.
In delivering this project we put together a strong multi-disciplinary team with expertise sourced from:










The University of the Sunshine Coast (USC) – Commissioned Organisation
The University of Queensland (UQ)
Pacific Community (SPC)
Scientific Research Organisation of Samoa (SROS)
Ministry of Agriculture, Food, Forests and Fisheries of Tonga (MAFFF)
Fiji National University (FNU)
Ministry of Agriculture Fiji (MoA)
Mainstreaming of Rural Development Innovation Tonga Trust (MORDITT)1
Nature’s Way Nature's Way Cooperative –Fiji (NWC)

We have also sourced private sector commodity-experts with extensive experience in fruit industry
development on the project team: Mr Ian Baker (mango), Prof John Chapman (citrus), Dr Aad van
Santen (pineapples) and Dr Andrew McGregor (agribusiness).

1

While MORDITT was not a formal contractual partner they have provided invaluable and ongoing assistance
to the research and development activities undertaken in Tonga.
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2 Key achievements
While tree fruit research and development is long-term in nature, the project team have already
created some notable achievements in the last three years.
1. A total of 657 citrus trees have now been imported into Tonga to help re-build domestic fruit
production. Citrus trees have been deployed to three sites; the Houma and Ha’atua
communities on ‘Eua Island; and Nishi trading on Tongatapu Island. To put this into context,
the 2015 Tonga Agricultural Census listed the initial number of citrus trees in Tonga at 1045
trees, with total citrus planting on ‘Eua Island in 2015 being < 1ha.
2. A total of 108 commercial pineapple farmers and Ministry of Agriculture (MoA) staff in Fiji
have now received extensive training in sustainable production and postharvest handling
practice. Our ongoing work with Fijian pineapple farmers at the Vulagi settlement (Natovi)
has improved local pineapple production and postharvest practice. MoA are now developing
additional pineapple training resource material to scale-out this support and are actively
promoting the pineapple sector to sugar-cane farmers looking to exit the sugar industry.
3. We have demonstrated that Paclobutrazol applied either as a soil drench or foliar spray,
had an immediate and positive impact on the incidence of breadfruit flowering and fruit
number. The combination of tree pruning and Paclobutrazol application has the potential to
increase net yield per hectare through better tree management and supporting higherdensity plantings. This finding has not been previously reported in breadfruit, and has wider
implications in terms of possibly assisting breadfruit trees damaged by cyclones to more
quickly regain productivity.
4. Paclobutrazol can significantly increase flowering in some Fiji-grown mango cultivars, and
in some locations; consistent with reports elsewhere. This low cost and simple treatment
may assist smallholder mango farmers to achieve more uniform fruiting.
5. A major study of postharvest diseases of mango in Fiji has identified six new stem-end rot
pathogens on mango never previously reported in Fiji. Additional postharvest pathogen
testing of Colletotrichum papaya anthracnose in Fiji has also identified C. brevisporum, a
pathogen has not been previously reported on papaya in Fiji.
6. To assist Fijian mango farmers to reduce postharvest disease incidence trial, we have
shown that hot water dips can significantly reduce the incidence of postharvest disease in
Fiji mangoes. A treatment of 55°C for 5 min reduced rots by 94.67% for cv. Maqo Dina, 52%
in cv. Tommy Atkins and 44% in cv. Tahitian.
7. A postharvest temperature storage regime for breadfruit based on 17°C has resulted in the
capacity to store cv. Puou for 11 days and cv. Maafala fruit for 16 days. While this is less
than 21 days required for reliable shipment of breadfruit by sea to New Zealand, we
anticipate a further extension of shelf-life based on incorporating ethylene absorption and/or
1-MCP2 (to reduce the rate of ripening) and/or the use of modified atmosphere packaging.
8. Following the findings that stem elongation in breadfruit could be manipulated by exogenous
application of gibberellin-related regulators, we have identified a dwarf phenotype in
breadfruit trees growing on marang rootstocks (building on previous ACIAR-funded
research). This result provides an opportunity for breadfruit tree vigor to be better controlled
through marang rootstocks.
9. Eleven separate community-based workshops, discussion forums, training activities have
been facilitated in Tonga, Fiji and Samoa to ensure that project activities have a strong
community engagement, and that any pro-poverty alleviation and gender equity
opportunities are clearly identified. This process was central in selecting the communities
we are working with through our citrus program.
10. We have significantly enhanced postharvest research capacity in the South Pacific by
supporting two completed PhD scholars (Dr Kumar [FNU] and Dr Lomavatu [MoA]), and
three ongoing higher degree students (Mr Shalendra Prasad [MoA]; Mr Kelemeni Navucu
[USP] and Mr Leeroy Joshua [SINU]).
11. To date, we have published twelve academic research papers, one book, five conference
papers and numerous technical reports.
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1-Methylcyclopropene is a cyclopropene derivative used to reduce the rate of fruit ripening.
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3 Progress summary
3.1 Papaya
Papaya is Fiji’s main fruit export. Through PC/2008/03 and PARDI PRA/2010/005
significant gains have been made in improving agronomic and postharvest handling
practices for this industry. The papaya program (objective 1.1) within Hort 2014-077
relates to one activity, the dissemination of elite papaya seed to communities in Samoa
and Tonga.
As highlighted in the mid-term review, this activity was delayed to allow for more critical re-plantings
in Fiji post-cyclone Winston in 2016/17. Papaya seed has recently been commercially sourced from
NWC in Fiji, with MORDITT coordinating seed distribution in Tonga, and SROS seed distribution in
Samoa. It is envisaged that this material will be included in the new SROS fruit tree orchard in Apia,
and at the pending MORDITT tree fruit demonstration3 plot in Nuku’alofa.

3.2 Breadfruit
Breadfruit is not only an important food security crop in the Pacific, but also has
significant emerging export potential as a fresh and processed product. However, effort
to scaling-up local production has been impeded by poor postharvest handling and
agronomic practice. We are supporting the breadfruit industry through undertaking
postharvest research to develop sea-freight storage protocols that will assist future
fresh-breadfruit exports (objective 1.2.1), better pruning strategies to control tree vigour
(objective 2.1), suitable tree spacing and improve fertiliser recommendations (objective
2.2) and communicate these results to farmers (objective 2.3). We are also undertaking
more strategic and longer-term research aimed at better understanding the biochemical
and molecular pathways associated with reducing tree height to make harvesting and
tree maintenance more efficiency, and tree less susceptible to cyclone damage.
3.2.1 Breadfruit postharvest storage (objective 1.2.1). Postharvest trials were undertaken by
SROS with technical advice from Emeritus Professor Ron Wills (University of Newcastle). In advance
of postharvest sea-freight storage trials, a series of simple trials were undertaken to first develop a
standardised chilling injury (CI) scale for breadfruit and to ensure staff consistency in qualitative fruit
quality ratings. A consumer quality acceptance survey was undertaken in Apia in 2016, inclusive of
current (informed) and potential new consumers. As anticipated, most tourists had no previous
experience with breadfruit and thus, their responses were skewed. A subsequent survey was then
undertaken of Pacific Islanders residing in New Zealand and Australia, with data used in the
interpretation of subsequent breadfruit storage trials.
Temperature experimentation and data analyses have shown that temperature had a statistically
significant effect on fruit shelf life (Table 1). Specifically, fruits stored at 25°C had a shelf-life of 5
days, while fruits stored at 20°C had a shelf life of 9 days. Interestingly, fruits stored at 17°C had the
longest shelf life of 14 days, while fruits stored at 15°C had a shelf-life of 11 days. The difference
between shelf-life at the different temperatures tested is statistically significant. When compared by
variety, we found that Puou fruits stored at 25°C were not significantly different from Maafala fruits
stored at 25°C, with shelf-life of 5 days. Fruits of the Puou and Maafala varieties were also not
significantly different when stored at 20°C with shelf-life of 9 days. However, when stored at 17°C,
Puou had a shelf-life of 16 days while Maafala had a shelf-life of 18 days, a difference which was
shown to be statistically significant. At 15°C fruit shelf life decreased back to 8 and 9 days

3 While a semi-commercial and demonstration tree fruit block has been established in Nishi Trading, Tongatapu
Tonga (objective 3.2), a second (additional output) fruit tree block is also planned for the new MORDITT complex
in Nuku’alofa. This additional demonstration orchard not only seeks to create a level of cyclone resilience to the
existing plantings at Nishi trading, based on multi-site species deployment, but also a source of future budwood
and propagation material for the MORDITT plant nursery in support of MORDITT’s wider-community assistance
initiatives.
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respectively for Puou and Maafala; the difference between the shelf-life of the two cultivars was
statistically significant.
Table 1. Storage life of cvs. Puou and Maafala breadfruit based on time to ripen, fruit
firmness or chilling injury (CI).
Temp
(°C)

Storage life (days)

Limiting factor
(% ripe)
(% CI)

Puou

Maafala

Mean

25

5.2

5.5

5.4a

100

0

20

9.1

9.6

9.4b

100

0

17

11.0

15.8

13.6d

24

76

15

9.0

13.1

11.0c

0

100

Mean

8.6a

11.0b

Values for each cultivar and temperature are the mean of 60 fruit (10 fruit x 6 farms).
Mean values in a column or row with different letters are significantly different at P=0.05.

Our results show that Breadfruit grown in Samoa is more susceptible to CI than fruit grown in the
Caribbean, where chilling injury is not observed at 12°C (Worrell et al., 2002). The longest storage
life was attained at 17°C4 (11 days for Puou and 16 days for Maafala fruit) with CI terminating the
storage life of more fruit than ripening. This storage period is adequate for the export of breadfruit
from Samoa to New Zealand by air. If CI was able to be ignored, the time to ripen was about 16 days
for Puou and 18 days for Maafala fruit. This storage period is less than the targeted 21 days; to allow
the reliable shipment of fruit by sea and hence some additional technology is required to either
prevent CI development and/or further delay ripening at 17°C. Maafala breadfruit would seem to offer
the better export opportunity due to it having a longer storage life than Puou.

Figure 1. Postharvest work to compare fruit quality from breadfruit heat treated with commercial high
temperature forced air and hot water treatment.

In the remaining seven months of the project, there are two research approaches currently under
consideration. If we use 17°C as our temperature, then we need to explore options to inhibit ripening
and possibly also CI5. If we use 15°C as the storage regime, then we need to focus ways to inhibit
CI. We also plan to investigate the possible locational effects on CI susceptibility.

4

We need to achieve 21 days of storage life for commercial export by sea to New Zealand to be viable.
Options to further increase shelf life include using ethylene absorption or 1-MCP and/or modified atmosphere
packaging, or using a pre-storage hot water treatment to inhibit chilling.
5
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We have also completed additional postharvest work to compare fruit quality from breadfruit heat
treated with commercial high temperature forced air (HTFA) and hot water treatment (HWT) (Figure
1 and 2). This work was undertaken in lieu of objective 1.3.5 “Develop and optimise sea-freight
storage protocols for Samoan pineapple”, and seeks to explore a possible alternative export
disinfestation pathway. We tested three conditions of minimal HTFA (47.2°C for 20 mins), extreme
HTFA as experienced by fruits at the bottom of the bin (49°C for 120 mins) and HWT (47.2°C for 20
mins). In Puou, fruits that had been treated at minimal HTFA exhibited the best firmness (rating 2)
with comparable colour and rot development to untreated fruits, by the end of the experiment (12
days after harvest). A similar profile was obtained when Maafala fruits were heat treated.
6
5

3
2
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HWT

1
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Treatment
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Rot
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0
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Figure 2: Fruit quality of Puou after heat treatments. HTFA-1 denotes minimal HTFA requirements. HTFA-2
represents extreme HTFA condition. HWT denotes hot water treatment, while the control represents fruits that
were not heat treated. Scale of acceptability is as follows: 1- very acceptable, 2- acceptable, 3- partially
acceptable, 4- unacceptable, 5- very unacceptable. HI represents Heat Injury assessed soon after heat
treatment. CI represents Chilling Injury assessed after 1-week in cool store.

3.2.2 Breadfruit agronomy
A series of breadfruit field trials were established by NWC and MoA (with technical support from Ian
Baker) to assess the effect of pruning and fertiliser application on breadfruit tree productivity.
Breadfruit canopy management (objective 2.1). Breadfruit is currently grown as a border crop or
an intercrop, with commercially-planted orchards relatively rare. To increase net yield per hectare
(especially in the early years of orchard production) the common tree spacing of 9 m x 9 m should
be reduced. In higher density-plantings, breadfruit trees will eventually require pruning to prevent
loss of production as trees grow into each other and shade each other out. Pruning is also required
even for border plantings trees. From the previous small pruning trials at Sigatoka, pruned shoots
can take a long-time to flower, reducing subsequent fruiting. While a similar problem occurs in
mangoes, Paclobutrazol has been used successfully to counteract this negative effect of pruning on
mango flowering intensity, helping to maintain fruit yields. To assess the potential merit of
Paclobutrazol to promote post-pruning flowering on Breadfruit in Fiji, we established a trial on fouryear old cvs. Balekana and Uto Dina trees, at Votua Levu, Methodist Farm based on five treatments
and three replicates6, in April 2018 (Fig. 3).

MoA staff and Ian Baker inspecting breadfruit
pruning trials in Fiji.

6

The initial trial at Votulevu undertaken in 2017 was to three replications. At the time, treatment effects were
unknown and we were concerned about possible adverse economic impacts for the land owner.
8

Figure 3.
Breadfruit pruning
trials in Fiji. (A)
Breadfruit tree
before pruning
(April 2018). (B)
Breadfruit tree after
pruning (April
2018).

B

A

In this preliminary trial, Paclobutrazol applied either as a soil drench or a foliar spray, had an
immediate and positive effect on the incidence of flower production in pruned breadfruit trees (Table
2), reversing the negative effects of pruning. This effect was sustained in the next flowering in
November. There were no obvious negative effects on the tree or leaf production, as reported on
other Artocarpus sp. crops (jackfruit) treated with Paclobutrazol. This is a new finding for breadfruit.

Table 2. The effect of breadfruit canopy manipulation on fruit set (number of fruit per tree).
Date

Control

Prune

Prune + Paclo soil
applied (30 ml/tree)

Prune + Regis spray
(2 x 0.25 ml/L)

26/4/18
23/5/18
27/6/18
23/7/18

5
9
24
22

24/8/18
23/9/18
23/10/18
23/11/18

42
42
56
26

Prune + Paclo
spray (2x4 ml/L)

1
9
15
8

6
6
46
18

4
7
18
6

4
5
40
9

19
19
32
11

53
53
70
20

20
20
41
8

63
63
71
20

A further trial based on increasing Pro-cal (Regis) application rate from 0.25 g/L to 1 g/L was
undertaken in January 2019 (data to be presented during the review presentations in Fiji). Three
new trials with increased replication (5 reps x 3 treatments) were also established in January 2019
to investigate the effect of Paclobutrazol on cv. Balekana (2 sites) and cv. Uto Dina without pruning.
One unforeseen positive outcome of this work, is that Paclobutrazol may have a positive benefit in
assisting breadfruit trees damaged by cyclones to more quickly regain some level of productivity.
Breadfruit fertiliser application (objective 2.2). Three trials were established by NWC (in
collaboration with MoA) to assess the effect of variable fertiliser applications (Sigatoka7 and Lautoka
– two trials), and a combined fertiliser + pruning regime (Legalega – one trial), on tree productivity.
Trial one assessed the potential effect of two fertiliser application regimes on 4 year olds cv.
Balekana ni Samoa variety was established at the Sigatoka Research Station in August 2017, based
on the following treatments:

7

Trials at Sigatoka were damaged due to cyclones Keni and Josie in April 2018.
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Treatment one (T1) – fertiliser (13:13:21) at the rate of 2 kg per year split into four
applications (500 g/quarter)
Treatment two (T2) – fertiliser (13:13:21) at the rate of 2 kg per year split into 165 g / month

Number of fruit

Initially, quarterly fertiliser applications appeared to increase fruiting, with little effect thereafter (Fig.
4). Unfortunately, no control was included in this trial. Based on a concurrent pruning trial with the
same cultivar at Legalega between 23/6/2017 and 23/11/2018 (a comparable period but different
growing location), fruit yields in the control did not exceed 60 fruit per month assessment (Table 2),
implying a strong positive effect in both fertiliser treatments in this experiment.

Figure 4. Effect of two fertiliser application regimes on fruiting
(fruit number) in cv. Balekana ni Samoa in the Sigatoka
Research Station, Fiji.

Trial two was established in mid-2018 at Prakash nursery in Lautoka to assess variable fertiliser
applications rates in cv. Balekana, based on the following treatments:




Treatment one (T1) – fertiliser applied at the rate of 100 g N: P: K (13:13:21) per month.
Treatment two (T2) – fertiliser applied at the rate of 600 g N: P: K (13:13:21) split into 3
months during fruiting
Treatment three (T3) – fertiliser applied (the rate currently applied by the farmer) N: P: K
(13:13:21) every 3 months

Number of fruit

Results presented in Fig 5 indicated that a fertiliser regime based on low concentration but more
frequent applications, increased fruit number (after an initial four months lag following treatment),
compared to the current fertiliser regime applied by the farmer. This trial was compromised due to a
sugar cane burn on the farm, and was also not replicated. A new trial that is appropriately replicated
and with controls is needed before any commercial fertiliser recommendations for farmers can be
considered.

Figure 5. Effect of three fertiliser application regimes on
fruiting (fruit number) in cv. Balekana at Prakash nursery,
Lautoka, Fiji.
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Trial three. The effect of fertiliser and pruning was undertaken at Tui’s breadfruit orchard,
(Legalega) Nadi using cv. Balekana and Uto Dina, based on the following treatment regime:





Control – zero application of Nitrogen + no pruning.
Treatment one (T1) – fertiliser (13:13:21) + pruning) applied at the rate of 2 kg per year
split into 4 applications (500 g/quarter) + pruning.
Treatment two (T2) - (Nitrogen + pruning) applied at the rate of 2k g per year split into 165
g / month.
Treatment three (T3) – fertiliser (13:13:21) applied at the rate of 2 kg per year split into four
applications (500 g/quarter) with no pruning.

While trials are still ongoing, we found that for cv. Uto Dina, treatment three (T3) which involved a
N.P.K fertliser regime of (13:13:21) at the rate of 2 kg per year split into four applications (500
g/quarter), but without pruning, resulted in the largest yield (Fig. 6 A). In the pruning treatments (T1
and T2), fruiting was primarily on the older mature branches, with less mature pruned branches
taking longer to fruit.
B

Number of fruit

Number of fruit

A

Figure 6. The effect of fertiliser and pruning on breadfruit yield based on number of fruit per tree. (A) cv. Uto
Dina. (B) cv. Balekana.

For cv. Balekana, fertiliser and pruning regimes (T1 and T2) resulted in elevated fruiting, compared
to the control (Fig. 6 B). Interestingly, and contrary to the findings for cv. Uto Dina, we found that cv.
Balekana had a reduced yield (T3) if a fertiliser application was applied in the absence of pruning8.
Further data collection is anticipated during the remain seven months of the project.
Breadfruit cincturing (objective 2.2). Cincturing has been used in many crops to control tree growth
and potentially stimulate flowering. A small qualitative trial involving cincturing large mature breadfruit
trees at Sigatoka and Legalega undertaken by NWC was set up in mid 2018. We found that cincturing
appeared to reduced yield in cv. Balekana dina, but had a positive effect on cv. Balekana ni Samoa,
in terms of increased yield (data not shown). How cincturing was undertaken was critical, with the
best results achieved when cincturing was applied to healthy and more mature branches.

8

While our intent was to have fertiliser and pruning experiments fully replicated, unfortunately this proven
difficult. Due to potentially adverse and residue cropping loss issues associated with tree pruning, farmers
were often reluctant to allocate too many trees for experimentation.

11

Ian baker, MoA and NWC staff
assessing a breadfruit trial in Fiji.
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3.2.3 Investigate the genetic diversity of breadfruit to identify potential low tree form traits
(objective 2.2).
The USC, UQ and CePACT team have explored the genetic diversity of breadfruit to identify potential
low tree form traits (Fig. 7). Breadfruit surveys has been conducted in Fiji, Samoa, and Vanuatu with
a total of 155 cultivars being characterised for tree height, branch order and canopy shape. Dried
leaves of surveyed cultivars were also collected for future molecular biology assay. However, no
dwarf phenotype of breadfruits was identified through these surveys.

A

C

B

Figure 7. (A) Ms Arshni Shandil from the Centre for Pacific
Crops and Trees (CePaCT- Pacific Community) surveyed
the breadfruit diversity in Fiji. (B) A joint team from Fiji,
Australia and Vanuatu conducted a breadfruit diversity
survey on Malo Island, Vanuatu. (C) A joint team of the
Secretariat of the Pacific Community (SPC), the
University of Sunshine Coast (USC) and Ministry of
Agriculture and Fisheries (MAF) of Samoa conducted
breadfruit survey in Samoa.

Research undertaken by the USC team has demonstrated that the stem elongation in breadfruit
could be manipulated by exogenous application of gibberellin-related regulators. As a first step
towards understanding the regulation of GA metabolism in the breadfruit, they isolated six GA
biosynthetic genes for GA20-oxidase AaGA20ox1- AaGA20ox6, four GA degradation genes for GA2oxidase, AaGA2ox1- AaGA2ox4, and two GA signal repressor (DELLA) genes, AaDELLA1 and
AaDELLA2. Of the GA metabolic genes, AaGA20ox1, AaGA20ox3 and AaGA20ox4 were
predominantly expressed in green vegetative organs, but displayed a different expression pattern in
roots and reproductive organs, whereas genes of AaGA2ox1, AaGA2ox2 and AaGA2ox3 were
detected in all plant organs, but exhibited highest level in source leaves and stems. Under exogenous
treatment of GA3 and Paclobutrazol (a GA inhibitor), there were different response from individual
members in AaGA20-ox and AaGA2-ox families. Some members of AaGA20oxs and AaGA2oxs
were subjected to GA feedback regulation following treatment of exogenous gibberellin and
Paclobutrazol. Members of AaGA20oxs and AsGA2oxs were also regulated by drought and high
salinity. Treatments of drought or high salinity down-regulated the expression of GA biosynthetic
genes, AaGA20ox1 and AaGA20ox3 genes, but increased the expression of GA catabolic genes,
AaGA2ox1, AaGA2ox2 and AaGA2ox4. These results suggest that drought and high salinity could
contribute to the dwarf phenotype in breadfruit.
The genetic variation in GA biosynthetic gene, AaGA20ox3 was further investigated in breadfruit
samples collected during the tree surveys. These include 16 varieties from Fiji, Samoa 19 varieties
from Samoa, 48 varieties from Vanuatu, and 28 varieties from CePaCT collection (Kiribati, 5;
Marshall Islands, 2; Solomon Island 1, Samoa, 3 and Fiji, 10). Sequence comparison revealed the
predicted protein of the AaGA20ox3 of these varieties bear all the hallmarks of functional GA20oxidase of other plant species, sharing over 98% similarity at the amino acid level.
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As there was no dwarf trait found from the tree surveys, the team has turned the focus to investigating
the rootstock on breadfruit tree form9.
At USC, breadfruit (A. altilis) trees have been successfully grafted onto interspecific rootstocks,
pedalai (A. sericicarpus). marang (A. odoratissimus) and lakoccha (Artocarpus lacucha) (Fig. 8).
Further investigation was carried out to address problems of low graft survival. It showed there was
a positive correlation between graft success and the levels of plasma membrane ATPase activity
measured in rootstocks before grafting. Higher ATPase activity in rootstocks before grafting may be
beneficial for graft survival. The information may provide opportunity to develop screening strategy
for rootstock selection to improve the graft success of breadfruit species.
A

B

C

D

Figure 8. Representatives of cross-species-grafted breadfruit plants. (A) breadfruit (A. altilis cv.
Noli) on marang rootstocks. (B) breadfruit (A. altilis cv. Noli) on pedalai rootstocks. (C) breadfruit (A.
altilis cv Noli) on lakoocha rootstocks. (D) breadfruit (A. altilis cv. Noli) on breadfruit (A. altilis cv.
Noli) rootstocks.

9

We did not anticipate natural occurring dwarf types would be identified in the survey, but given unconfirmed
reports in the literature, we needed to exclude this possibility.
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Based on examination of rootstock effects on scion growth, we identified a dwarf breadfruit
phenotype growing on marang rootstocks10. This dwarf phenotype was characterised by shorter
stems, reduced stem thickness and internode length, fewer branches, fewer and smaller leaves
compared to those of standard size breadfruit plants (Table 3). The height of breadfruit trees on
marang rootstocks was reduced by 49% in 9 months, and 59% in 18 months after grafting. The
findings can be applied to breadfruit breeding program for conferring vigour control and developing
dwarf phenotype.

Table 3. Morphological assesment of breadfruit trees growing on marang rootstoks in comarison to
homograft and non-graft

.

10 We acknowledge that the potential dwarfing effect of Marang rootstocks was prior identified by an ACIAR
project team in the Philippine. However, (to date), they have not published this finding in a peer-reviewed
academic journal.
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Figure 9. A dwarf phenotype identified in breadfruit trees growing on marang rootstocks.
(A) Breadfruit trees (cv. Noli) on different rootstocks 18 months after grafting. Front row: three breadfruit trees
on marang rootstocks; back row: left 1 to 3, breadfruit plants on breadfruit (cv. Noli) rootstocks (homograft); left
4, non-graft. (B-D) Stem internode length of breadfruit plants growing on marang (B), breadfruits cv. Noli (C)
and non-grafted (D).

Preliminary results suggested pedalai rootstocks did not lead to dwarf traits, but lakoocha rootstocks
may be another dwarfing rootstock for breadfruit species. However, some grafted plants are too
young to be statistically significant (Fig. 9).
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The SPC project team had in March 2018, carried out greenhouse trials for cleft grafting using
Balekana (seedless) and Uto Dina (seedless) varieties as rootstocks and scions interchangeably.
Initial results saw most grafted plants dead thus indicating cleft grafting as unsuitable. A similar
observation was also experienced by USC in their trials. Subsequently, CePaCT in a follow up
training with USC has successfully grafted 3 plants using the ‘approach’ grafting method. The three
grafted plants include:
 Koqo (A. altilis) x Koqo (A. altilis)
 Koqo (A. altilis) x Puou (A. altilis)
 Koqo (A. altilis) x Uto buco ni Samoa (A. altilis)

A

B

Figure 10. (A) Approach-grafted plants growing well in CePaCT greenhouse after 5 months of grafting.
(B) Dr Yuchan of USC demonstrating ‘approach-grafting’ techniques to CePaCT project team.

With the success of these approach-grafting trials, CePaCT continued its screen house grafting
experiments to evaluate the effect of grafting in producing dwarf breadfruit tree forms based on
various rootstock to scion combinations of both seedless and seeded breadfruit varieties. These
combinations are detailed below. Four breadfruit varieties with a total of 190 breadfruit root suckers
were sourced from three farmers in Nadi for these experiments. These four varieties include, Uto
dina and Balekana as seedless varieties and Uto Samoa and Uto buco as seeded ones.
Efforts to continue in vitro grafting experiments were discontinued due to technical difficulties with
securing the scions onto the rootstocks, thus contributing to in vitro contamination problems. The
screen house grafting experiments include:
Uto buco ni samoa variety as a scion.
 Uto buco ni samoa (control – no grafting)
 Uto buco ni samoa (A. altilis) scion x Uto buco ni samoa (A altilis) rootstock - self grafting
 Uto buco ni samoa (A. altilis) scion x Uto dina (A altilis) rootstock
 Uto buco ni samoa (A. altilis) scion x Uto samoa (A. altilis) rootstock
 Uto buco ni samoa (A. altilis) scion x Balekana (A. altilis) rootstock
Uto dina variety as a scion.
 Uto dina (control – no grafting)
 Uto dina (A. altilis) scion x Uto dina (A. altilis) rootstock - self grafting
 Uto dina (A. altilis) scion x Uto samoa (A. altilis) rootstock
 Uto dina (A. altilis) scion x Balekana (A. altilis) rootstock
 Uto dina (A. altilis) scion x Uto buco ni samoa (A. altilis) rootstock
Balekana variety as a scion.
 Balekana (control – no grafting)
 Balekana (A. altilis) scion x Balekana (A. altilis) rootstock - self grafting
 Balekana (A. altilis) scion x Uto samoa (A. altilis) rootstock
 Balekana (A. altilis) scion x Uto buco ni samoa (A. altilis) rootstock
 Balekana (A. altilis) scion x Uto dina (A. altilis) rootstock
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Uto samoa variety as a scion.
 Uto samoa (control – no grafting)
 Uto samoa (A. altilis) scion x Uto samoa (A. altilis) rootstock - self grafting
 Uto samoa (A. altilis) scion x Balekana (A. altilis) rootstock
 Uto samoa (A. altilis) scion x Uto buco ni samoa (A. altilis) rootstock
 Uto samoa (A. altilis) scion x Uto dina (A. altilis) rootstock
All combinations were replicated three times.

Figure 11. Approach-grafted plants growing well in CePaCT greenhouse after 2 months of grafting.

Grafting for all varieties were carried out on the 1st March 2019 with a 93.3% success rate by the end
of two months. The grafted breadfruits are expected to be ready for field planting on the 1st June
2019. Data on plant height, scion height, branching habit, time of flowering and other agronomic
characteristics will be documented for these field trials.

18

3.3 Pineapple
Pineapple is a widely grown and commercially important crop in Fiji, and to a lesser extent
in Tonga and Samoa. Our development strategy, was aimed at supporting current
pineapple value chains to better access higher value markets (tourism market and export)
through improved pre-harvest and postharvest handling practice, promoting flower
induction practices, and by capacity building farmers and extension staff (objective 1.3).

To better understand agribusiness opportunities and challenges for pineapples, we initially
commissioned Koko Siga Fiji to undertake an agribusiness desktop review of pineapple industries in
Fiji, Samoa and Tonga11 in 2016 (objective 1.3.1). This report identified opportunities to substantially
and sustainably expand pineapple industries if intensive “hands on” training for farmers, improved
market access to New Zealand, and the introduction of minimal processing were addressed.
To support farmers to better access
current
agribusiness
opportunities
(objective 1.3.2) we have focussed on
seeking to improve current pre-harvest
and postharvest practice (including raising
awarenss of hormonal sprays). We have
completed four major agronomic and
postharvest pineapple farmer workshops
in Fiji (Fig. 12). In doing so, we have
provided technical training to 108
pineapple farmers and MoA extension
staff. Thirty-eight (38) people attended the
Natovi workshop in February 2017, with
most farmers from the Vulagi Pineapple
Figure 12. (A) MoA extension master class undertaken by
Farmers Association and surrounding
Dr Aad van Santen in Fiji.
villages. Twenty-five (25) pineapple
farmers participated in the Ba workshop held in March 2017, including eight (8) extension staff from
Ba and Ra Province. Twenty-three (23) Fiji Ministry of Agriculture (MoA) staff and two industry
representatives attended the recent Seaqaqa pineapple master class held in early June 2017 (Fig
12 A). A further twenty-two (22) farmers at the Vulagi settlement attended a postharvest and valueadding workshop in June 2018.
Through these week-long workshops,
Fijian farmers have received training in
land preparation, erosion control, crop
rotation, identifying nutritional deficiencies,
fertiliser application, floral induction and
postharvest
handling.
Based
on
discussions with attendees at the Natovi
and Ba workshops, the last time farmers
received comparable training was in
1999. Farmers recognised significant
issues with erosion and declining
productivity. Extensive technical resource
material was also provided to attendees.
Three postharvest pineapple value chain
Figure 12. (B) Pineapple farmer training undertaken in Fiji
studies were conducted between 2016
during 2017.
and August 2018, to document the
impact that current harvesting, handling,
transport and market practice had on fruit quality and loss. In Fiji, we found that pineapple farmers
from the Vulagi settlement had twice the loss compared to similar smallholder pineapple farms in
Vanuatu12. We found that if fruit were consumed within 4 days of harvesting, then postharvest loss
was 10%, but increased to 27% to 40% at seven days.

11
12

This report was prepared by Dr Andrew McGregor in 2017 and was in response to objective 1.3.1.
Postharvest loss comparisons are based on reported finding from FAO TCP/VAN/3503.
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A soil erosion control demonstration by
Dr Aad van Santen, during one of the
pineapple farmer field days in Fiji

A series of pineapple postharvest baseline chain studies were undertaken in Fiji and Samoa between
20

Postharvest loss can be halved if more care is taken at specific points along the supply chain
(specifically between the field and the packing shed), or if farmers alternatively harvested fruit at ¾
peel colour.
To help farmers reduce commercial loss and improve fruit quality, we adopted a participatory
approach (Fig. 13). In August 2018, we met with Vulagi settlement farmers to share research findings
and discuss possible remediation strategies. As a result of these dialogues, farmers are currently
working with FNU and USC researchers to co-design a series of alternative harvesting equipment
which will be built locally and field tested in the coming 2019 pineapple season.

A

B

C

Figure 13. Postharvest participatory workshop at the Vulagi settlement to share research findings with
farmers and to discuss remediation options. (A and C) Technical presentations to pineapple farmers and
farmer-led discussions on possible remediation strategies. (B) Examples of interventions discussed.

In Samoa, postharvest pineapple supply chain studies for the Alesia (one of the key horticultural
production regions) to Fugalei municipal market were undertaken in late 2016. We found that
Samoan pineapple farmers experienced difficulties in accessing suitable transport and were often
forced to use overcrowded local buses to access markets. High transport cost and limited space, led
many smallholder farmers to limit the volume of product transported. Farmers also incurred extra
costs to transport empty plastic crates back to the farm. To improve packaging and reduce transport
costs, we imported 200 collapsible plastic crates13 and distributed them to Samoan farmers in May
2018. The one key benefit of the collapsible crate was that farmers were not charged to transport

13

Crates were co- funded by FAO and by ACIAR Hort 2014-077
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crates back to the farmer, effectively halving transport costs. In partnership with FAO, we also
undertook a series of postharvest training workshops throughout Samoa in March, April and May
2018 (Alesia, Savai’a, Vaisala communities) to improve farmer awareness of good postharvest
handling practice. A postharvest manual was also prepared and 200 copies distributed to farmers.
In Tonga, a rapid assessment of pineapple production and postharvest handling practice was
undertaken in Vava’u Island in November 2018 and February 2019. One key concern identified, was
possible poor temperature management associated with small steel sea-freight containers to ship
produce between Vava’u and Tongatapu (Fig. 14). We are currently documenting in-transit
temperature management between Vava’u and Tongatapu for a range of horticultural crops. A more
detailed study of pineapple in-transit temperature management will be undertaken in late 2019.

Steel containers are stored in the full sun prior to
loading, leading to elevated in-transit temperatures.
Crops are also co-transported with luggage and
other non-food items increasing in-transit damage.

Figure 14. Small steel sea-freight containers used for inter-island transport (Main wharf at Neiafu, adjacent
to the Utakalongalu municipal market, Vava'u)

Optimise sea-freight storage protocols for Samoan pineapple (objective 1.3.5). In discussion
with SROS we have decided not to undertake this activity. While niche export opportunities for
Samoan pineapples into New Zealand have been identified (Macgregor, 2017), domestic pineapple
production in Samoa has remained small and limited to a few medium-scale farmers. Effort to
establish the Samoan pineapple export pathway into New Zealand (first flagged in 2013) is also
ongoing (B. Wiseman pers comm. 2019). We therefore believe it is premature (at this stage) to
undertaken trials to develop an optimised sea freight storage protocol for Samoa pineapples. In lieu
of this output not being completed, additional research has been undertaken to explore possible hot
water treatments for breadfruit as possible lower cost alternative to HTFA.
Additional project output in support of pineapple industry development
Mr Shalendra Prasad (MoA-FIJI and a JAF PhD scholarship holder) and Mr Kelemeni Navucu
(ACIAR-USP Twinning Masters scholarship holder) are currently surveying Fijian pineapple farmers
and vendors to better understand the implications of current handling practice on postharvest loss.
These studies are anticipated to identify existing
best practice strategies, farming cohorts with
atypical loss, and possible socio-economic
contributors to poor handling practice decisions.
Dr Jimaima Lako (photograph opposite),
Department of Food Science, FNU, was invited to
co-presented at the July 2018 pineapple workshop
in Natovi, where she outlined pineapple food valueadding and processing opportunities to farmers.
While pre-harvest pineapple production practice
varies considerably across the Pacific (Fig. 15),
farmer training undertaken in this project has
benefited from prior FAO-funded support of Vanuatu pineapple farmers. We plan to explore whether
FAO-funded resource material (prepared by Dr Aad van Santen, Kyle Stice, Dr Richard Beyer) can
be re-edited and also made available to Fijian, Samoan and Tongan pineapple farmers, value-adding
to technical resource material we have already provided farmers.
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Figure 15. While pineapple production in Fiji is dominated by large mono-culture plantations, elsewhere in the Pacific
pineapple production systems are commonly based on poly-cultural and low-intensity farming practices. (A) Vulagi
settlement, Natovi, Fiji. (B) Plantation near Ba, Fiji. (C) Ah Liki farm in Alesia, Samoa. (D) Smallholder farm in Efate,
Vanuatu. (E) Smallholder farm in Alesia, Samoa. (F) Smallholder farm in Santo, Vanuatu. (G) Smallholder farm in Vava’u,
Tonga. (H) Smallholder farm in Malaita, Solomon Islands.

23

3.4 Mango
The mango program was developed in response to a direct request to ACIAR from the Fijian
Government. The mango industry in Fiji is currently impeded by poor product quality, a short
and inconsistent supply season, and high-levels of postharvest loss. To help address these
challenges, we undertook field trials to assess methods to improve early flowering and fruit
quality, evaluated the benefit of fruit bagging, and assess pests and postharvest disease
risks (objective 1.4)
Mango flowering (objective 1.4.1). Paclobutrazol14 was evaluated as a possible method to improve
mango crop uniform in Fiji (based on enhanced flowering in poor seasons, and stimulating early
flowering to extend seasonality). A series of nine trials at four locations (Legalega Research Station,
Nadi, Momi farm, Tom’s Farm Korovutu and Jack’s Farm) were established using six different
varieties of mango (cvs. Tommy Atkins, Nang Klang, Dina local, Tahitian, Nam Dok Mai, and
Kensington Pride) and variable treatments of Paclobutrazol were established in 2017.
As part of the trial establishment, MoA extension staff received hands-on training in Paclobutrazol
dosage and application. In December 2017,
MoA-Fiji
established
further
mango
Paclobutrazol experiments at Saioko village,
Ra province. The trial design involves three
treatments (control, 20 ml and 40 ml15) with
seven replicates per treatment, using the cv.
Baramasia (Maqo Salusalu). Trial design
and assessments have proven problematic
throughout, due to a limited number of
commercially-planted trees (we have needed
to include non-commercial trees to ensure
some level of replication), limited number of
cultivars types per location, and fruit theft
compromising yield data.
The Paclobutrazol treatments had varied results, depending on season, cultivar, and location
variables. The initial response (in 2016/2017) was poor possibly due to unfavourable flowering
conditions. In the 2017/2018 season, Paclobutrazol treatment increased the amount of flowering for
cvs. Tommy Atkins (3 sites), Mango Dina (1 site), Kensington Pride (1 site), Tahitian (1 site), and
Nang Klang (1 site). Flowering intensity was increased by around 50% with flowering observed two
weeks earlier that in control trees. However, treatment did not have a similar effect on cvs. Nang
Klan or Nam Dok Mai at 1 site (Momi). A Paclobutrazol application rate of 20 ml/tree tended to be
most effective in most trials and most cultivars.
In the 2018/2019, Paclobutrazol increased flowering incidence for cvs. Tahitian and Nang Klang at
legalega Research station; cv. Kensington Pride at Korovutu; cv. Tommy Atkins at Jack’s Farm; cv.
Nam Dok Mai at Momi farm and cv. Baramasia at Saioko. Poor treatment response was observed
for cv. Tommy Atkins at Korovutu and Legalega Research Station, contrary to results in 2017; and
for Nang Klang at Momi farm. Selected treatment results are presents in Figures 16 and 17.

14

Paclobutrazol (a Triazole derivative) has been widely reported as being effective in reducing erratic
flowering and cropping periodicity in perennial crops, including mango (Kishore et al., 2015).
15 Treatment dosage was consistent that used commercially in mango orchards elsewhere.
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Figure 16. The effect of variable paclobutrazol application on the incidence of mango flowering cv.
Kensington Pride in 2018/19 season. (A) Legalega Research Station. (B) Korovutu [Tom’s farm].

Figure 17. The effect of variable paclobutrazol application on the incidence of mango flowering cv.
Tommy Atkins in 2018/19 season. (A) Legalega research station. (B) Korovutu [Tom’s farm].

Variable response to Paclobutrazol application, based on mango cultivar type and seasonality, have
been previously reported in the literature (Oosthuyse and Jacobs 1997; Singh and Bhattacharjee,
2005). A similar response is also seen in commercial mango orchards in Australia (and elsewhere).
In Fiji, there are various possible reasons for this variability. Local soil conditions coupled with
Paclobutrazol’s long-half life may be leading to a residual Paclobutrazol accumulation in the soil,
creating an inhibitor effect after multiple seasonal treatments. In tropical conditions, Paclobutrazol
application following three consecutive years has been shown to be less effective, unless treatment
is discontinued for a subsequent three years (Reddy and Kurian, 2008). Kishore et al., (2015) in their
review of Paclobutrazol, highlighted that its residual soil half-life can vary between 175 to 950 days
depending on local production practice and soil conditions. There may also be wider treatment effects
associated with Paclobutrazol that are influencing tree performance, which might be specifically
relevant to the low intensity orchard management practice often seen in the Pacific. Paclobutrazol
application has been reported to modify root activity and nutrient uptake in mango (Werner, 1993).
In other crops, Paclobutrazol can reduce tree drought avoidance strategies based on changes to the
rhizosphere, particularly associated with rain-feed production systems (Williamson et al., 1986).
We believe that Paclobutrazol has potential as a treatment to improve mango flowering uniformity in
Fiji. Paclobutrazol is relative cheap (FJD $4-5/1.5 kg) and easily applied as a soil drench. However,
more work is required to refine the dosage rates and scheduling, before a possible commercial
recommendation to Fijian mango farmers can be considered. A further set of trials are anticipated in
June to August 2019.
Mango fruit bagging trials (objective 1.4.2) were undertaken by MoA to evaluate the commercial
potential of this technique to improve fruit quality (objective 1.4.2). Fruit bagging is currently used in
many South-east Asian countries (Kitagawa et al., 1991; Rathore et al., 2016; Sharma et al., 2018).
In 2017, trials were established at Legalega Research Station, based on fruit bagging of cvs. Tahitian
and Tommy Atkins. While single bagged fruits produced excellent quality, if fruit clusters were
bagged (such that fruit were touching each other in the bag), this led to an increased incidence of
disease and caterpillar damage. In 2018, a further trial design using cv. Tahitian using 100 fruit of
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the following; single fruits not in clusters, clusters of 2 or 3 fruit in 1 bag, fruit with no bags, delayed
bagging (approx. 50 days after fruit set) was established. While we found that bagging improved fruit
quality; based on the incidence of skin blemish being reduced from 38% in the control, l to 13 to 19%
depending on the number of fruit per bag (2 fruit per bag @ 13% skin blemish incidence gave the
best result). However, based on the time and cost incurred to effectively bag fruit during the trials,16
relative to the benefit gain in terms reduce skin blemish this technique, in the context of Fijian mango
production systems this technique is not considered commercial viable in Fiji at the present time. In
discussion with MoA there was agreement to cease further mango fruit bagging trials.
Research on postharvest diseases of mango in Fiji17 (objective 1.4.3 a) was undertaken by Dr
Mereia Fong Lomavatu (MoA) (Fig. 18) as part of her now successfully completed JAF-PhD
scholarship linked to the project. Over two mango seasons postharvest disease assessments were
conducted on five local Fijian cultivars at each of five major growing areas in Fiji, along with fruit from
five exotic cultivars at one growing area. Fungi that were associated with symptoms of anthracnose
and stem end rot in these studies were cultured and identified using current molecular techniques.
Fungi found to be associated with mango anthracnose
symptoms in Fiji were Colletotrichum asianum, C.
gloeosporioides, C. acutatum and C. siamense. C.
asianum was by far the predominant species of
Colletotrichum isolated from these symptoms, accounting
for 84% of the total number of Colletotrichum isolates
recovered from symptoms. C. asianum, C. acutatum and
C. siamense represent new reports for Fiji. Host range
studies showed that a C. asianum isolate from mango
was highly pathogenic on unwounded, detached mango
fruit, but non-pathogenic on papaya or banana fruit.
Conversely, Colletotrichum isolates obtained from
anthracnose symptoms on papaya (Colletotrichum
brevisporum) and banana (Colletotrichum musae) were
both pathogenic on the host fruit that they were isolated
from, but non-pathogenic on unwounded, non-host fruit. It
should also be noted that the isolate of Colletotrichum
obtained from papaya anthracnose in this study (C.
brevisporum) represents a new record for this host in Fiji.

Figure 18. Photograph of Dr Mereia Fong
Lomavatu undertaking mango pathogenic
analysis at the DAF Eco-science
laboratories in Brisbane in 2017.

Fungi associated with stem end rot symptoms in this
study
were
Lasiodiplodia
theobromae,
L.
pseudotheobromae,
Neofusicoccum
parvum,
Pestalotiopsis sp., Botryosphaeria sp. and Phomopsis mangiferae. All these are new records for
mango in Fiji. Four isolates of the stem end rot fungi, each representing one of the four species
Lasiodiplodia theobromae, L. pseudotheobromae, Neofusicoccum parvum and Phomopsis
mangiferae, were found to be highly pathogenic on detached mango fruits following inoculation of
detached mango fruit.
Significant cultivar differences were observed in the response to inoculation with the anthracnose
pathogen. Of the five local cultivars evaluated, cv. Maqo Loa’ fruit were found to be the most
susceptible to anthracnose at eating ripe, with cv. Salusalu as the least susceptible. And of the exotic
cultivars, ‘Tahitian’ fruit was the most susceptible cultivars with cvs. Nam Doc Ma and Kensington
Pride fruit having the lowest lesion diameters. These results show that there is variability in the
susceptibility of fruit from different mango cultivars grown in Fiji to anthracnose caused by C.
asianum. Evaluation of strategies to reduce mango postharvest incidence were also conducted,
where cvs. Maqo Dina, Tahitian and Tommy Atkins were heat-treated using hot water dip of 55°C for
5 minutes. Results showed a significant reduction in body rot percentage when fruits were heattreated, a reduction of 94.67% for cv. Maqo Dina, 52% rot reduction in cv. Tommy Atkins and 44%
in cv. Tahitian.

16

The majority of Fijian mango orchards involve large trees making fruit bagging relatively labour intensive.
This activity was a project aligned PhD program supervised by Dr Lindy Coates (DAF) and Prof Underhill
(USC)

17
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Mango pre-harvest pest risk (objective 1.4.3b). Research to document pre-harvest pests of mango
in Fiji was delayed due to a series of staff resignations and staff changes at FNU. A further attempt
to initiate this work through a University of the South Pacific (USP) Masters student, under the
ACIAR-USP twinning scheme (as recommended in the mid-term review) was also not 1successful.
FNU have now commenced the mango pest survey with initial sampling undertaken in February,
2019. To date, a total of 11 mango sites (around Nadi and Tavua) have been sampled with mango
leafhopper Idioscopus nitidulus, five spotted ladybird Coccinella quinquepunctata, mango looper
Thalassodes quadraria, mealybug Drosicha mangiferae, white-footed ant Technomyrmex albipes,
rice seed bug Leptocorisa acuta, green lacewing Chrysoperla sp. Further surveying will now continue
through 2019 including a wider sample area. Given the commencement of sampling, Dr Michael
Furlong (UQ) has been recently contacted with the view to providing mentoring assistance for the
FNU team.
Mango cultivars evaluation (objective 1.4.4). The establishment of a new cultivar evaluation plot to
assess the relative performance of cvs. Tommy Atkins and Mango Salusalu (Baramasia) is
underway. In late 2018, a site at the Legalega Research Station, Nadi was cleared in preparation for
planting. The preparation of planting material was undertaken at Sigatoka Research Station.
However, low initial grafting success (now resolved18), and a request from MoA to expand the field
plot to also include other mango cultivars has delayed19 planting. MoA now has sufficient grafted
trees (based on a five tree /cultivar replicate) for cvs. Tommy Atkins, Kensignton Pride, Nang Klang,
Brook, and Baramasia; but is still yet to finalise sufficient grafted planting material for cvs Utu Dina,
Carabao, Tahitian, Nam Dok Mai, and Keitt. Planting is anticipated in 2019 and that this objective
will be achieved.
While a mango cultivar block currently exists at Legalega Research Station20, trees are relatively
old (planted in the 1980’s) and have been extensively damaged by previously cyclones. The block is
not set out as a replicated trial (i.e. just large blocks of each cultivar), and does not include cv.
Baramasia, as a result, it has limited agronomic research value.
Mango training workshop (objective 1.4.6) A mango workshop to communicate research findings
to farmers (and other stakeholders) will be held in Fiji in December 2019, consistent with the current
milestone target date.

18

A series of factors were identified and communicated to MoA staff, these included better preparation of the
scion wood by defoliating before collecting, fertilising the rootstocks to flush at grafting, and grafting higher up
the stem with some leaves below the graft.
19 This objective was to be completed in Yr2 M12 (December 2018). Given planting is anticipated by mid2019, this represents a slight delay.
20 A review of MoA research station reports (held in Suva), indicated that the current mango trees at Legalega
Research Station introduced in the 1970’s probably from Queensland.
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3.5 Citrus
The citrus program (objective 1.5) sought to expand domestic citrus production in Tonga to
enhance local access to out-of-season fruits. Traditionally, most of Tonga’s citrus comes
came from ‘Eua Island (40 km east of the main island of Tongatapu), however, this supply
has progressively declined in volume and quality due to small number of aging bush
plantings that are predominantly seedling sourced and had little agronomic management.

In seeking to expand citrus production in Tonga, we adopted a community-engagement approach
(see objective 4). We were initially concerned that significant remittance and donor dependence
issues might undermine orchard sustainability, unless a close partnership with the community was
established. Building on extensive community consultation we undertook during ACIAR
SRA/Hort/2016/108, three possible orchard locations were identified based on sufficient area, good
soil, availability of water for irrigation, and closeness to a community, with the Houma and Ha’atua
communities on ‘Eua Island finally selected in 2016 (Fig. 19). Negotiations with the Tonga
Government was then undertaken to gain all approvals necessary, as the Ha’atua site was on
Education Department Land and the Houma site was on King’s land.

Figure 19. The location of the Houma and Ha’atua community orchards established on ‘Eua Island, Tonga.
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In November 2016, 373 citrus trees were imported into Tonga (including; 60 Washington Navel. 60
Valencia Orange, 58 Imperial Mandarin, 58 Emperor Mandarin, 58 Afourer Mandarin, 45 Ellendale
Mandarin, 14 Meyer Lemon and 14 Tahitian Lime, all of which were on Troyer Citrange rootstock
except for the Imperial and Emperor that were on Cox hybrid rootstock to avoid the mature tree
incompatibility with Imperial that can lead to fruit dryness and granulation). Included in this
consignment were a further six plants of Troyer citrange rootstock as a future rootstock seed source.
Citrus trees were planted at three main sites; at the Houma community and at the Ha’atu’a community
on ‘Eua Island, and at Nishi Trading, Utulau, on Tongatapu Island. Some trees were also allocated
to Hango College on ‘Eua Island and to MAFFF.
Land preparation was completed and planting conducted in November 2016 (Nishi Trading orchard)
and in April 2017 (‘Eua Island orchards). The citrus orchard on Tongatapu benefited from extensive
in-kind contributions from Nishi Trading. Planting at the two ‘Eua Island sites involving participation
from the Houma and Ha’atu’a community, as well as critical support from MORDITT, MAFFF and the
local District officers.
In early 2017, a large workshop was undertaken at both orchard communities to capacity build the
local communities in orchard and tree management. Given the need to carefully monitor the trees in
the first 12 months after planting, and to overcome a few unforeseen soil nutrition challenges, we
initially employed a part-time community member to provide regular maintenance and technical
updates. In early 2018, we moved into an important partnership with MORDITT (a local NGO
specialising in community engagement and development), with MORDITT now coordinating ongoing
orchard management and leading the project local community engagement activities. Importantly,
MORDITT has provided extensive co-invested into the two ‘Eua Island orchards, purchasing farm
equipment, chemical, and water irrigation systems.
A Category 5 cyclone that hit Tonga in March 2018, initially inflicting minimal damage to the citrus
orchards on ‘Eua and Tongatapu, apart from some plants needing to be straightened back up and
supported. However, around a quarter of the trees began showing very severe leafy yellowing in the
following weeks, which was attributed to Phytophthora root rot caused by damage to the root sheaths
during the cyclone, allowing the Phytophthora spores to enter the roots. Soil applications of Ridomil
and subsequent Phosphorus acid spray has limited this loss to three tree deaths and good signs of
overall orchard recovery.
In April 2019, a further 269 citrus trees were imported into Tonga (including; 220 Tahitian Limes21,15
Imperial Mandarin, 11 Meyer Lemon, 5 Emperor Mandarin, 5 Afourer Mandarin, 3 Valencia Orange,
3 Washington Navel and 7 Cox Hybrid rootstock as a future rootstock source). The importation of
Tahitian Limes seeks to capitalise on a pending export pathway for Tahitian Limes into New Zealand
(B. Wiseman pers com. 2018). At present, recent imported citrus trees are located at the MORDITT
plant nursery, with 100 Tahitian Limes to be planted at the expanded Nishi Trading citrus orchard
and a new citrus orchard at MORDITT’s Nuku’alofa complex. Other citrus species will be planted at
the two ‘Eua orchards and Nishi Trading orchard to replace a few plants that failed to survive the
initial orchard establishment phase, and expanded planting based on available land.
To date, we have had extremely good establishment rates, with current tree mortality rate of 4% (as
of April 2019) associated with initial importation in the 2016. At present we have now imported and
successfully established 657 citrus trees into Tonga.
To support a future local scaling-out of plantings, we are in the process of commercial sourcing and
importing citrus rootstock seed (i.e. cox mandarin Hybrid and Troyer citrange). Earlier attempts to
prior import root stock seed into Tonga in December 2018 and February 2019, needed to be
postponed due to limited seed availability and then potential poor seed viability. Seed is in the
process of being purchased and will be available in July 2019 for importation. Our plan is to germinate
and establish root-stock seedlings at the MORDITT plant nursery, with the view to incorporating this
material in a citrus plant propagation workshop to upskill locals in tree propagation (this workshop
was initially planned for late 2019, but due to delays in sourcing seed, now needs to occur in 202022).
The construction of a multi-purpose packing shed on ‘Eua Island in 2016 by Australian Aid, IFAD,
MORDITT and the Tongan Government is a critical development in helping to translate the citrus
orchards on ‘Eua Island into future viable agribusiness enterprises.

21

100 Tahitian limes were funded by PHAMA-Plus program.
If a no-cost 12-month extension is approved then, then we should have sufficient funds to undertake this
workshop, dependant on MORDITT in-kind support.
22
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Houma site 2017

Ha’atu’a site 2017

Nishi trading site 2017

30

Houma orchard 2018

Ha’atu’a orchard 2018

Nishi trading site 2018
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Fiji. In 2017, we undertook a series of visits to Vanua Levu with MoA staff to scope possible Fijian
citrus community collaborators, with the Naweni, community on the Southern side of Vanua Levu
subsequently selected. An opportunity to assist this community, based on collaboration with a
concurrent ACIAR agroforestry project FST/2014/067, was identified during the mid-term review
undertaken in November 2017. Researchers from both FST/2014/067 and Hort 2014-077 visited the
community in February 2018, with an agreement by FST/2014/067 to establish a small citrus varietal
trial. However, further action to support this community has been temporarily delayed due to Dr Lila
Singh-Peterson’s (USC) recent resignation. We anticipate re-visiting this opportunity in late 2019.

Samoa. We have completed a series of community-based engagement studies with smallholder
citrus farmers on the North East of Savaii Island, Samoa in early 2017 (Fig. 20). Two postharvest
capacity building workshops (February 2017 and May 2018) have been completed in partnership
with FAO23. A rapid value chain assessment highlighted that supply was sourced from a small area
with few cultivars leading to highly-concentrated market supply, and that farmers were sourcing from
old trees with little agronomic management. Those farmers reliant on third-party transport to the
markets in Apia, Upolu Island were disadvantaged by high transport costs. A further site visit is
planned for late 2019 to better document existing cultivars and explore possible importation of early
or late fruiting citrus varieties.

Figure 20. Examples of some smallholder citrus orchards in Savai’i Island, Samoa. In Samoa,
production is limited to a small number (<10 trees) per farm based, with limited or no orchard
management.
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While Samoa currently has an export market access pathway into New Zealand for Tahitian Lime, export
has declined in the last few years, possibly due to a reduced involvement from SFA in coordinating exports.

32

Local citrus seed

Local citrus seed that has been sourced and
recently planted by MORDITT at their plant nursery
in Nuku’alofa, Tonga in preparation for future citrus
rootstock trials (local verses imported material)
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3.6 Enhanced private sector and Government capacity
Objective 3 seeks to enhance the local institutions and government agencies to better support
fruit industry development. To achieve this, we have undertaken various individual and groupbased capacity building, and initiated a mixed fruit orchard in Tonga in support of future
agronomic training.
MoA, MAFFF and MAF capacity building (objective 3.1) Extensive extension officer training has
been provided in support of pineapple (see section 3.3), citrus (see section 3.5), and mango (see
section 3.4).
Formal and ongoing capacity building is being provided through supervision of five Pacific higher
degree students (see section 5.2).
Given limited institutional capacity building in postharvest horticulture in the Pacific, coupled with the
fact that fruit value chains often experience high levels of postharvest loss, the following initiatives
were undertaken:






Postharvest training for SROS staff at the University of Newcastle, Australia (October 2016).
Building collaborations with Plant and Food Research New Zealand (October 2016).
Heat chamber training for SROS at Plant and Food Research New Zealand (April 2018,
October 2018).
Heat treatment experiment planning by SROS staff at Plant and Food Research New
Zealand (October 2018).
Postharvest training for Angelika Tugaga and Semi Seruvakula at UC-Davis USA (2019).

To encourage greater regional collaboration, the SROS-Samoa breadfruit postharvest researchers
visited the Fiji breadfruit pre-harvest project team in April 2018.
Staff at CePACT-SPC have received training in aspects of breadfruit molecular methodology by Dr
Yucan Zhou (USC) in support of objective 2.2 (Fig 21 A). The breadfruit survey team led by CePact,
SPC and USC also conducted training on breadfruit identification and characterisation for staffs at
Horticultural Centre-Atele, Ministry of Agriculture and Fisheries (MAF) of Samoa (Fig 21 B).
A

B

Figure 21. (A) Dr. Yuchan Zhou (Left 4) visited CePact molecular lab led by Ms Valerie Tuia (Left 2) for
breadfruit molecular diversity analysis. (B) Dr. Yuchan Zhou from USC (Left 1) and Mr Pateresio Lovolevu
from SPC, Fiji (left 2) conducted training to staffs of Horticultural Centre-Atele, MAF for breadfruit morphology
characterisation.
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We have also provided technical capacity building assistance to key private sector stakeholders.










(Pineapple) We funded pineapple farmers from the Vulagi settlement to travel to Seaqaqa
Research Station in late 2018 to see ongoing MoA pineapple cultivar trials. The Vulagi
pineapple co-operative are currently experiencing declining fruit quality due to aging planting
material and were keen to see first-hand the alternative cultivars.
(Citrus) About six months prior to the commencement of Hort 2014-077, a privately-owned
citrus orchard was established on ‘Eua Island by a long-term local Australian expat24. We
have been visiting and providing technical assistance to the farmer throughout the project.
This third ‘Eua citrus orchard also means that when bearing, ‘Eua will have a significant
production volume of citrus based on three commercial orchards with possible efficiency
gains associated with packaging and
transporting costs.
(Citrus) We are providing additional and
ongoing technical capacity building support
to staff at MORDITT in citrus orchard
management (see photograph opposite of
MORDITT staff assessing citrus trees at the
Nishi orchard).
(Mango/Breadfruit) Ian Baker has been
working closely with commercial mango and
breadfruit farmers in the Nadi and Sigatoka
region to improve their tree management.
Informal training has been provided to staff
at several commercial farms including; Prakash and Sahn Ali breadfruit farms in Lautoka,
and staff working at Momi farm, Tom’s Korovutu and Jacks farm.
(Mango) During the visit by Ian Baker to Sigatoka in 2018, it was noted mango grafting was
experiencing low success rates. Mango grafting should be around 80-90%. Technical
advice was provided to enhance grafting success based on, preparing scion wood by
defoliating before collecting, fertilizing rootstocks to flush at grafting, and graft higher with
some leaves below the graft.

A semi-commercial and demonstration fruit block at Nishi Trading, Tonga (objective 3.2).
This objective seeks to establish a demonstration tree fruit block to support future fruit training
workshops, and to eventually consolidate existing genetic prior introduced to Tonga through previous
ACIAR projects.
We imported a first shipment of mixed fruit tree species in October 2017, based on the following
fruits: 16 Mango (8 Glenn and 8 Palmer), 4 Hass Avocado, 16 Lychee (8 Souey Tong and 8 Kwai
Mai Pink), 9 Guava (3 Strawberry 3 Hawaiian 3 Indian), 6 Carambola and cuttings of Red, Yellow
and White Dragon Fruit. This shipment was exported direct from the nursery. Unfortunately, poor
preparation by the Australian commercial nursery resulted in a high-mortality rate in-transit with only
three lychees, three avocados, four carambolas, eight guavas and twelve dragon fruit eventually
being field planted in April 2018. A second shipment of mixed tropical species was sourced from a
different commercial nursery, and imported in October 2018, based on the following: 6 Avocados (2
each of Lamb Hass, Pinkerton, Wurtz), 8 Kwai May Pink (Bos-3) Lychee and 8 Erdon Lee Lychee, 2
White Sapote, 2 Black Sapote, 2 Sapodilla and 3 Abiu. This second importation was planted in early
2019.
The mixed fruit demonstration plot has only recently been planted at Nishi Trading, so ongoing
maintenance and tree monitoring will be critical during the first two years of establishment. Our longterm intent is for this demonstration orchard to have wider donor benefit. We have deliberately
aligned this asset to a private sector partner, so that possible future income from harvested product
could be used to fund orchard maintenance, and to also capitalise on Nishi Trading’s collaborative
links with PIFON and PHAMA+.

24

This third privately-owned citrus orchard (+300 trees) is located adjacent the Kaufana Airport, in close
proximity to our Ha’atua citrus orchard, ‘Eua Island, Tonga.
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3.7 Enhanced engagement with smallholder farmers and
communities
The community development program in Hort 2014-077 (objective 4) plays a central role in
the overall project success. It does so, by identifying communities with genuine need based
on elevated hardship, and a strong commitment for partnership engagement. Once selected,
the emphasis is to then work in partnership with these communities to ensure horticulturalbased interventions are effectively translated into successful and enduring community-based
enterprise development.
Given available project resources and the numerous challenges that impede communitybased enterprise development in the South Pacific, we have primarily concentrating our effort
on a small number of communities, specifically the Houma and Ha’atua communities on ‘Eua
Island, Tonga. We are currently also working with a community in North-western Savaii,
Island in Samoa. In terms of Fiji, our current focus is on evaluating the social engagement
merit of ongoing project research interventions (pineapple), and to identify a possible
community cohort on Vanua levu associated with possible future citrus industry development
interventions.

Tonga
In Tonga, community development focussed on re-building local citrus production on ‘Eua to supply
the domestic markets on Tongatapu. Citrus was identified as a priority crop based on prior work
undertaken through HORT/2006/108 (SRA) The potential for tropical fruits production in Tonga – a
feasibility and constraints analysis.
The community citrus plots located in
two primary schools in Èua island have
been developed in accordance with the
sustainable livelihoods framework, with
the community development activities
strongly focussed on linking the project
to champions across the four scales of
government in Tonga – local, district,
island and national, and to champions
within relevant Ministries, local NGO’s
and private industry (Fig. 22). Project
partners MAFFF, MORDITT and Nishi
Trading have been involved in the
project since initial consultation was
undertaken in 2014. The Ministry of
Education and Training (MET) and
individual officers from the Ministry of
Figure 22. Houma and Ha’atua community members participate
Internal
Affairs
(including
the
in a planning workshop to identify governance processes and
Government Representative in `Eua
project management tasks and responsibilities. `Eua, April 2017
Island, District Officers and Town
Officers in `Eua) have become important partners as the project has progressed. Additionally, the
People’s Representative of `Eua Island, (also the Minister for Finance) has become an advisor and
champion for the project.
Activities in this first project year included; the development of a terms of reference that identifies
roles and responsibilities that the implementing project partners have agreed on. Twenty-one (21)
interviews were undertaken to identify the selection criterion from which the community based citrus
plots were to be located. Eight (8) possible sites (on public land) were proposed by the District
Officers in `Eua and assessed against the criteria, from this the two sites at Houma and Ha’atua
government primary schools were identified. Community discussion forums with representatives of
both school communities were undertaken in April 2016 to introduce the project, discuss the
necessary work activities, duration of maintenance prior to harvesting, and the likely outputs from
each citrus plot. The school community representatives then discussed the project with their
communities and reported to the project team on their communities’ willingness to participate. MOU’s
were accepted in principle by the MET and by the King’s Advisor.
36

‘Eua island community engagement in 2017
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In alignment with the sustainable livelihoods framework, capacity building occurs at the institutional
level with local partners (NGO, private industry and Government) and international partners working
together to ultimately support local communities to manage and govern their own citrus project,
maximising benefits for the whole of community. Community development activities have included
facilitating the co-development of land preparation schedules, in which the participating communities
and project partners identified the work program, and resources required to prepare the land for
planting. Other activities included the facilitation of co-investment of resources by the project partners
and participating communities - which is indicative of the level of buy-in and ownership of the project
by the local institutions and community members. Once the trees were planted in early 2017,
community development activities have focussed on facilitating the communities to identify the local
governance structure for ongoing maintenance activities, and associated roles and responsibilities.
Other ongoing activities include re-assessing dynamic risk profiles that may impact the community
and citrus production, such as extreme weather events, drought or issues around community
engagement in work activities. Inconsistent levels of community engagement, and ineffective project
communication skills are ongoing issues limiting the success of the project at this point in time.

Samoa
Community engagement in Samoa is less advanced, compared to work being undertaken in Tonga.
Our focus has been on the Island of Savaii, because GIS mapping of the Basic Needs Poverty Line
data estimated by UNDP and the Samoa Bureau of Statistics in 2009, reveals that about 27% of the
Savaii population live below the Basic Needs Poverty Line yet are more successful in obtaining food
security than Upolu households (5% population below the Food Poverty Line). Savaii has a large
dependent population, but few employment opportunities.
Proportion of the Savaii and Upolo population not able to meet their basic needs as estimated by
UNDP and the Samoan Bureau of Statistics 2009.
Interviews were undertaken with citrus
growers located in NW Savaii in June
2016 to understand the citrus supply
chain and potential citrus markets. A
preliminary understanding of major
constraints
and
difficulties
was
determined through these interviews. A
follow-up discussion forum was
undertaken with 21 Sataua community
members in February 2017. Additional
interviews were undertaken with a
Senior Officer, Crops Division, Ministry
of Agriculture, and a Research Officer
with
the
Scientific
Research
Organisation of Samoa (SROS).
The discussions confirmed earlier findings that the cost of transport to the Salelologa markets in
Savaii and to Apia markets for people without vehicles is very expensive, high risk and arduous. In
contrast, those with vehicles were pleased with profits they accrued during the citrus season. In
general, participants were very keen to profit from the demand for their citrus trees in Apia but
seemed overwhelmed by the transport difficulties, and the overabundance of citrus that goes to
waste during the short fruiting season (1-2 months). Participants believed that they had very good
farming skills - from site selection, land preparation, planting and harvesting, to marketing but
identified the African Snail (for horticulture crops) and the cost of transport as the two largest limiting
factors. In considering the problem of transport, the community was interested to investigate a
transport related co-operative, where farmers share the cost of transport in addition to value adding
activities where waste can be reduced.
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Fiji
An appraisal of proposed training activities with pineapple farmers in Viti Levu was undertaken in
September 2016. Nine interviews with farmers and Ministry of Agriculture officers identified that the
individual pineapple farmers in Ba do not work together and there is little opportunity to support
community level hardship and poverty alleviation objectives by adding on to these planned activities.
Similarly, the pineapple co-operatives located near Natovi Jetty do not include female farmers or
labourers and so a gender equality component to these training exercises would be misplaced.
GIS Mapping (opposite) illustrates that although both Ba, and Natovi Jetty regions experience
disadvantage, significant levels of
hardship and poverty are found in
central and northern Viti Levu, and
within the rural islands of Fiji. The
pineapple farmers interviewed were
amongst the wealthiest of their region’s
population, with infrastructure and
knowledge well suited to commercial
fruit production. To scope future
community engagement on the Island of
Vanua Levu, eight interviews with
Ministry of Agriculture extension and
research officers, Batiri citrus orchard
managers and agronomist consultants
was undertaken in February 2017 to
determine the current citrus supply
chain and barriers for production in
Vanua Levu, Fiji. A discussion forum
(Above) Poverty rates across Viti Levu and Vanua Levu
with 35 people from the citrus
(proportion of the population living below the poverty lines) Source
community of Naweni, located on the
data: Poverty and Household Incomes in Fiji 2008-09, Fiji Bureau
Southern side of Vanua Levu was
of Statistics.
conducted in February 2017.
Consultation identified that although the
Batiri citrus trees are about 40 years old,
they were successful on the domestic
fresh fruit market. The consultant
suggested that the Batiri citrus were
more in demand than the imported
oranges because they were sweeter and
priced well. He estimated that 1600 citrus
trees produced about 800T fresh fruit and
100T juice in the 1990’s. The Batiri
manager estimates that each of the 1600
trees still produce about 200 fruit per
year, without fertilisers which are sold
through private contracts to industry.
The Naweni community, located near
Savusavu place and are well known for
their citrus, which they sell at Savusavu
and Labasa markets (Fig. 23). They
Figure 23. Some of the Naweni community members participating
earn about 40-60% of their income from
in a discussion forum, Feb 2017.
citrus (mandarin, lemon, cumquat and
lime) but are very keen to extend their
production. They currently have ageing citrus trees, with mandarin trees that produce very sweet fruit
twice a year. Transport to the market from the community is frequent and inexpensive, as such the
community members travel often to the market to sell fish, citrus and other produce. From this
preliminary consultation, it does seem that there is a fresh fruit market at Savusavu and Labasa, and
potentially markets in Viti Levu, if priced well. Brief appraisal of the social structuring within the
community indicates that a potential citrus project could lead to high levels of community impact
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which would enhance current livelihood strategies. Flooding could be a problem however, as the
community is located on low lands along the coast. Community members also spoke about the
impact of cyclones.

Promoting gender equity
Gender research has centred on understanding the multifarious roles and responsibilities of Fijian
and Samoan women, and the obstacles and barriers that they face when engaging in their regional
agriculture system.
A study of 10 communities across Viti Levu identified numerous barriers and restrictions for not only
women, but for all subsistence based farmers which are currently not addressed in development
policies or development strategies. This study was presented at ACIAR’s Gender Workshop, Fiji,
June 2017 and is currently in print, and due for publication in the Journal of Rural Studies.
A study of the difficulties and barriers Samoan women face when cultivating, and selling their fresh
produce in local markets has also been identified through a series of four discussions forums held
across Upolu island, Samoa in Sept 2016. From these discussions, an evaluation of each market
option (i.e. central markets, local village markets, mobile vendoring, and selling direct to market
vendors) has been assessed in terms of the farmer’s safety, time efficiency, costs involved, and
reliability of sale. These factors were identified by female farmers as the key factors determining
where, and how often they sold their produce.
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4 Outputs/milestones
Objective 1: To increase the efficiency of fruit value chains through improved
productivity and postharvest handling practices

No.

Activity

1.1

Papaya –value
chain support

1.2

Breadfruit –value
chain support

Outputs/
Milestones
Regional papaya seed
distribution chains
improved–evidenced
on new plantings or
increase seed supply
in Samoa and Tonga.
(NWC)

Breadfruit postharvest
sea-freight storage
protocols (Samoa) trial
completed,
documented, and
communicated to
industry stakeholders
(SROS). 1 report.

Domestic breadfruit
postharvest handling
practices in Samoa
assessed and
remediation options
communicated to the
industry. 1 report (UQ)
1 postharvest
workshop in Samoa

Completion
date

Comments

Y2 M 1

(Almost completed) We initially delayed
this activity to allow the Fiji papaya
industry to recover post-Cyclones
Winston. Seed has now been purchased
from NWC, with MORDITT (Tonga) and
SROS (Samoa) recently agreeing to
coordinate importation. Importation is
occurring in May 2019 concurrent with
the review.
(Almost completed) Postharvest
experiments have shown that the
maximum storage life for cv. Puou was
11 days and 16 days for Maafala fruit
based on 17°C cool storage. This is less
than the targeted 21 days to allow the
reliable shipment of fruit by sea. In the
remaining seven months, we plan to
explore a series of strategies aimed at
extending shelf-life based on
incorporating ethylene absorption and/or
1-MCP (to reduce the rate of ripening)
and a modified atmosphere to reduce
ripening and elevate some of the chilling
injury.

Yr4, m6

Yr1 M12

Yr1 M 6

In lieu of objective 1.3.5 (which is not
going to be undertaken) additional
postharvest work has been undertaken to
compare fruit quality from breadfruit heat
treated with commercial high temperature
forced air (HTFA) and hot water
treatment (HWT). This work explores the
feasibility of HWT to replace HTFA as a
pre-treatment for export.
(Completed) Breadfruit postharvest
handling practices for Alesia to Apia
supply chains were assessed in October
2017. A short report has been prepared
and was distributed to the participating
enterprise - Natural Foods Samoa.
(Completed) Rather than hold a parallel
and possible competing breadfruit
workshop, we alternatively gave a series
of presentations at the Samoan
Breadfruit Summit in October 2017 – this
ensured a wider audience.
We also incorporated postharvest
breadfruit harvesting recommendations in
in two FAO postharvest workshops held
in Samoa (February 2017 and March
2018).
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1.3

Pineapple –
value chain
support

Agribusiness
assessment of
pineapple industry
chains in Tonga,
Samoa and Fiji
completed. 1 report.
(USC)
Hormonal flowering
induction methodology
training workshop
undertaken in Fiji, and
Samoa (led by USC,
with support from MAF,
MoA)

Analysis of pineapple
postharvest supply
chain risk factors in Fiji,
and Samoa completed.
(UQ, FNU)

Y1 M12

(Completed) An agribusiness
assessment of the pineapple industry in
Tonga, Samoa and Fiji was completed by
Koko Siga Fiji in April 2017 and a 65page report produced. Report available.

Yr2 m6

(Completed) Three pineapple workshops
that included hands-on training in
flowering induction methodology have
been held in Fiji (one in Natovi in
February 2017, one in Ba in March 2017,
and one in Seaqaqa Research Station in
June 2017). These workshops were
undertaken jointly with MoA staff with the
Seaqaqa Research Station workshop
being specifically targeted at MoA
extension officers. Workshop reports are
available.

Y1 m12

Given PIFON undertook a similar
pineapple floral induction training in
Samoa in the last 12 months, there was
little merit in repeating this training in
Samoa. Instead, two additional training
workshops (Ba and Seaqaqa) were
undertaken in Fiji.
(Completed –Fiji and Samoa) An
assessment of pineapple supply chains in
Samoa was undertaken in October 2016.
Two postharvest supply chain reviews
were undertaken at Fiji (peak and outseason supply chains from Natovi, Fiji) in
October 2017, and February 2018, with
results communicated to farmers in July
2018.
Two additional pineapple supply reviews
were commenced in late 2018 by JAF
PhD scholar Mr Shalendra Prasad and
ACIAR Twinning Master student Mr
Kelemeni Navucu. Both studies aim to
quantify postharvest best practice and
key loss determinants in Fiji; in support of
possible future postharvest farmer
handling practice remediation.
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Analysis of pineapple
postharvest supply
chain risk factors in
Tonga completed; and
collective results for
Fiji, Samoa and Tonga
communicated to
industry (USC, FNU)

Yr3 m12

(Tonga – almost completed). FNU,
USC and MORDITT staff visited Vava’u
Island (Tonga) in November 2018 and
undertook a rapid assessment of
pineapple handling practice. Postharvest
handling temperature management
during ferry-based transport between
Vava’u and Tongatapu was examined in
February 2019. A further trial will be
undertaken in coming pineapple season
in October to November 2019, with
resulted concurrently communicated to
industry during the November mission.
(Fiji-Completed) Research results were
communicated back to Fiji pineapples
through a workshop undertaken in July
2018 at Vulagi, Viti Levu (report
available). While this activity is
completed, we are still working with
pineapple farmers at the Vulagi
settlement based on new participatory
trials to assess new sledge designs
aimed at improving harvest practice from
steep slope plantations. Two
representatives from Vulagi were also
funded to travel to Seaqaqa Research
Station in early 2019, to see the ongoing
MoA pineapple cultivar trial studies.

Developed and
optimised sea freight
storage protocols for
Samoan pineapples
(SROS)

Y3 M12

(Samoa- completed) Two postharvest
handling workshops were held (jointly
with FAO) in Alesia, Upolu Island and in
Asau Savaii Island, to communication
postharvest results and farmer
recommendations.
(Not undertaken) While niche export
opportunities for Samoan pineapples to
New Zealand have been identified
(Macgregor, 2017), the current domestic
pineapple production in Samoa has
remained small, and limited to a few
medium-scale farmers. Effort to establish
the Samoan pineapple export pathway
into New Zealand (first flagged in 2013)
has not been finalised, and remains
under-consideration, (B. Wiseman pers
com. 2019). We therefore believe it is
premature to undertaken trials to develop
an optimised sea freight storage protocol
for Samoa pineapples. In lieu of this output
not being completed, additional research
has been undertaken to explore possible
hot water treatments for breadfruit as
possible lower cost alternative to HTFA.
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1.4

Fiji mango
industry
development

Field trials to test the
Paclobutrazol and
azoxystrobinin
regulating flowering
established in Fiji Ian
Baker; assisted by
MoA)

Yr1 m12

Small fruit bagging trial
established in Fiji (Ian
Baker; assisted by
MoA)

Yr1 m12

Small fruit bagging trial
assessment completed
Ian Baker; assisted by
MoA)

Yr4 m12

A technical report on
mango pre-harvest
pests in Fiji (FNU)

Yr2, m12

A publication on preharvest pathogen in
mango in Fiji (USC)

Yr2, m12

(Completed) Field trials have been
established based on six different
varieties of mango (Tommy Atkins, Nang
Klang, Dina, Tahitian, Nam Dok Mai, and
Kensington Pride) and variable
treatments of Paclobutrazol. Based on
data three years of data, results have
shown that Paclobutrazol can improve
flowering in some mango cultivars and in
some production conditions in Fiji.
Because treatment is relatively low cost
(FJD $4-5/1.5 kg) and easily applied as a
soil drench, we believe it has potential as
a commercial treatment in Fiji. However,
more work is required to refine the
scheduling rate before an industry
recommendation can be considered.
(Completed) Field trials have been
established at Legalega.

(Completed) Results collected in
2018/2019 have shown that bagging
improved fruit quality; based on the
incidence of skin blemish being reduced
from 38% in the control, to between 13%
and 19% when fruit we bagged
(depending on the number of fruit per
bag). However, based on the time and
cost incurred to effectively bag fruit
during the trials, MoA does not consider
this technique commercial viable in Fiji at
the present time.
(Ongoing) We have had a series of
delays in initiating this study due to
several FNU staff resignations. An
attempt to link this work to an ACIARUSP twinning scholar was also not
successful.
An initial preliminary baseline study has
now commenced [in Feb 2019] (prelim.
report available) with further work
planned during 2019. As requested in the
mid-term review, Dr Mike Furlong has
been approached to provide some
mentoring to FNU staff undertaking this
survey.
(Completed) An extensive review of
mango pathogens was undertaken Ms
Mereia Fong Lomavatu published as part
of her PhD thesis. This study also
identified a series of farmer strategies to
reduce the incidence postharvest disease
in Fijian-grown mango. Ms Lomavatu was
awarded her PhD in December 2018 and
now returned to MoA, creating additional
Institution capacity outcomes.
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1.5

1.7

Review citrus
value chain in
Vanua Levu

Citrus industry
development in
Tonga

25

Cultivar evaluation trial
established to
compared Cv. Tommy
Atkins and cv. Mango
salusalu (Baramasia)
(Ian Baker; assisted by
MoA)

Yr2, m12

Mango training
workshop (Ian Baker;
assisted by MoA)
The existing citrus
value chains will be
assessed in terms of
agribusiness potential
(USC25). 1 joint report

Y4 M12

Citrus commodity
specialist has assessed
horticultural skill needs
in Tonga and identified
appropriate cultivars for
planting (led USC
consultant), supported
by MAFFF).

Yr2 M12

Yr1, m12

(Ongoing). In late 2018, a site at the
Legalega Research Station was cleared
in preparation for planting. Low initial
grafting success (now resolved) and a
request from MoA to expand the field plot
to also include other mango cultivars has
delayed planting. MoA now has sufficient
grafted trees (based on a five tree
/cultivar replicate) for cvs. Tommy Atkins,
Kensignton Pride, Nang Klang, Brook,
and Baramasia; but is still yet to finalise
sufficient grafted planting material for cvs
Utu Dina, Carabao, Tahitian, Nam Dok
Mai, and Keitt. Planting is anticipated in
2019 and that this objective will be
achieved.
(Pending) A Fiji mango farmer workshop
will be undertaken by Ian Baker and MoA
in December 2019.
(Completed) Prof Chapman travelled to
Vanua Levu in Nov 2017 to assess citrus
plantings. Further community discussion
with were undertake by Dr SinghPeterson in Feb 2018.
One detailed report “Rapid appraisal of a
potential community-based citrus project
in Fiji” has been prepared by USC and
MoA researchers (report available)
(Additional possible outputs) There
has been intermittent discussions with
SCU researchers since Nov 2017 aimed
linking Hort 2014-077 with a current
ACIAR agro-forestry project in Vanua
Levu (this opportunity was identified
during the mid-term review). However,
with the resignation of Dr Lila SinghPeterson (our community-engagement
specialist), additional citrus opportunities
in Tonga due to co-importation of
T/Limes (in partnership with PHAMA+),
we have not been able to progress this
further. In the remaining 7 months of the
project, we plan to revisit Vana Levu.
(Completed) Two trips were undertaken
in early/mid 2016 to assess current
horticultural skills, identify key risk factors
in advance of deployment of new citrus
planting material.
In Nov 2016, a workshop featuring both
the Houma and Ha’atua communities
was undertaken with planning for the
future management of the trees plus a
technical workshop conducted.

This activity will be jointly undertaken by USC project staff and FST/2014/067
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New citrus genetic
material imported in
and commercial
planted.
(led USC consultant),
supported by MAFFF)

Yr2, m12

(Completed) A total of 657 citrus trees
have now been imported into Tonga
(based on two imported shipments) to
help re-build domestic fruit production.
Citrus trees have been deployed to three
sites; Houma and Ha’atua communities
on ‘Eua Island; and Nishi trading on
Tongatapu Island. To date, we have had
extreme good establishment rates, with
current mortality rate of 4% (as of April
2019) associated with initial importation
in the 2016.
(Additional output) To support local
propagation, we are in the process of
importing commercial root stock seed
(based on Cox Mandarin Hybrid and
Troyer Citrange material into Tonga in
June 2019. Two prior attempts in late
2018 and early 2019 were unsuccessful
due to limited seed availability and more
recently seed viability issues.
MORITT has also sourced and planted
locally citrus seed, with the aim of
including them in a future rootstock
evaluation trial in Tonga.

‘Eua community fruit
nursery established
and appropriate training
provided (USC, Jeremy
Buultjens; supported by
MAFFF, and Nishi
trading)

Postharvest handling
training provided to
community (UQ)

Y3, M12

Yr3, m6

(Not undertaken) Given Tongan citrus
orchards (established by the project) are
still less than 2 years-old our, primary
focus is to ensure that these orchards are
well maintained and progressed to a first
commercial harvest. Establishing a
community-nursery at this stage [and in
the absence of suitable root stock
material being available] is considered
premature – this objective needs to be
deferred to a possible phase-2.
(Pending – nursery training) An intent
to commercially source citrus root stock
seed has been delayed (due to lack of
availability and a subsequent seed
viability concern) and will now occur in
July 2019. Given time to produce rootstock seedlings for grafting, the earliest a
possible nursery propagation
demonstration and training could be
undertaken would be early in 2020 [Our
intent is still to undertake this workshop
due to its critical importance - possibly
through a 12 month no-cost project
extension].
(Not undertaken)
With the first community-orchard
commercial harvest still pending, we
believe it is premature to undertake
community-based citrus postharvest
handling training at this time, and this
output is possibly better actioned after a
series of commercial harvests. We
therefore recommend this activity/output
is removed for the current project. This
remains a critical activity in a possible
phase-2 follow-on proposal.
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1.6

Economic
impact

Baseline economic data
will be gather at the
commencement
and
conclusion of the project
(USC, supported by
MAF, MoA and MAFFF)

Y1 6m & Y3 m12

(Ongoing) To date we have collected
data on most of the targeted crops,
based on the following prepared
reports/publications.
Product, community engagement and
agribusiness data.
 Information on the Tonga fruit
industry has been collected and
reported in Journal of Agriculture and
Rural Development in the Tropics
and Subtropics 118 (1): 91-103.

Information of the pineapple industry
in Samoa, Fiji, Tonga has been
collected and reported in McGregor,
A (2017) Pineapple Agribusiness
Opportunities for Fiji, Samoa and
Tonga: Report Prepared for the
ACIAR Tropical Fruit Project (ACIAR
HORT/2014/077). 67pp. (report
available)

Information on citrus in Fiji has been
collected and reported in: Rapid
appraisal of a potential communitybased citrus project in Fiji” prepared
by Dr Singh-Peterson (USC), Mr
Iranacolaivalu (MOA Fiji) and Ms
Colaitiniyara (MOA Fiji) (report
available)

Baseline data on the Fiji mango
industry has been collected (Baker
2016 report)

Baseline data on Breadfruit input
costs have also been collected
(Baker 2018 April report).
Postharvest data.

Qualification of postharvest economic
loss associated with existing fruit
value chains has been reported in a
series of academic papers, and book
chapters, specifically:
o Underhill, S.J.R, Zhou, Y.,
Sherzad, S., Zhou, Y., MolimauSamasoni, S., Tagoai, S.M.
(2019) Postharvest loss in fruit
and vegetables markets in
Samoa. In Food Security in
Small Island Developing State.
Edits. Connell, J., and Lowitt, K.
Chapter 7. pp 27. Springer
publishing, United Kingdom.
o Underhill, S.J.R, Zhou, Y.,
Sherzad, S., Zhou, Y., SinghPeterson, L, Tagoai, S.M. (2017)
Horticultural postharvest loss in
municipal fruit and vegetable
markets in Samoa. Food
Security. 9(6): 1373-1383 (DOI:
10.1007/s12571-017-0734-7)
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Objective 2:
To improve climatic resilience of breadfruit through improved canopy management
and investigating the diversity of breadfruit tree form
No.

Activity

Outputs/
Milestones

Completion
date

Comments

2.1.1

Assess a range of
pruning practices
and schedules to
control tree vigor,
in terms of net
yield and fruit
quality.

In consultation with Ian
Baker, NWC a range of
pruning techniques
identified and trials to
evaluate their
effectiveness in
reducing tree size and
relative to yield
established

Y1 M12

(Ongoing) A series of field trial were
established in August 2017, at various
sites to evaluate different pruning
application on breadfruit.
An initial small pruning trial at Sigatoka,
highlighted that-pruned shoots can take
a long-time to flower, reducing
subsequent fruiting.

A minimum of three
pruning methods
assessed over at least
2 years in terms of yield
and fruit quality, and a
cost benefit margin
calculated

Y4 M12

1 report/workshop or
conference paper
documenting research
findings
A trial plot of 3 different
tree-planting densities
(of the same cultivar)
will be established; one
of which being the
existing plot associated
with the PARDI
Breadfruit project.

Y4 M12

Data on tree height,
yield obtained from first
fruiting

Y4 M12

The potential
relationship between
soil nutrition and tree
vigor has been
assessed
One training workshop
for local smallholder
farmers undertaken in
Fiji to communicate key
research findings

Yr4 M12

USC research visit to
Fiji to refine experiment
plan undertaken

Y1 m6

2.1.2

Assess alternative
non-mechanical
strategies to
reduce tree vigor
(differential tree
spacing, soil
nutrition status).
(NWC)

Undertake
smallholder farmer
training in Fiji to
communicate trial
results.
(NWC)
2.2.1

Investigate
diversity of
breadfruit tree
forms across the
Pacific islands.

Y1 M12

Y4 M12

A subsequent trial to assess the potential
of Paclobutrazol as a possible treatment
to counteract the negative effect of
pruning on flowering intensity,
demonstrated good results. We found
that Paclobutrazol applied as either a soil
drench or a foliar spray had an
immediate and positive effect on the
incidence of flower production in pruned
breadfruit trees. This effect was
sustained in the next flowering in
November and there no obvious
negative effects on the tree or leaf
production.
A research paper is anticipated –
possibly at the forth coming International
Conference on Agriculture (IC-AGRI-19)
in Fiji.
(Ongoing) Three trials were established
by NWC to assess the effect of variable
fertiliser applications (Sigatoka and
Lautoka – two trials), and a combined
fertiliser + pruning regime (Legalega –
one trial), on tree productivity.
We found that for cv. Uto Dina variety,
treatment with a N.P.K fertilising regime
of (13:13:21) @ the rate of 2 kg per year
split into four applications (500g/quarter),
but without pruning, resulted in the
largest yield. Unfortunately, there were
inherent design faults in the first two
trials, [which were not initially identified],
which preclude meaningful data analysis.
Inclusion of controls for the 2019 season
should ensure at least some data can be
obtained.
(Pending) A smallholder farmer
workshop to communicate the research
findings from the project will be held in
Nov/Dec 2019.

(Completed.) Meetings was held
between the USC/UQ project team
(Professor Underhill and Dr Zhou) and
CePact Team (Valerie S. Tuia, Logotonu
Waqainabete, Reapi Masau, et al) in April
2016. Discussion involved the project
overview, budget and activities involved.
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2.2.2

Growth of
potential natural
dwarf varieties

Survey of varieties in
Pacific Islands to
investigate and collect
reported low-habit trees
completed.

Yr2, m12

Nursery-based cuttings
of potential natural
dwarfing material
established at SPC
CePact glasshouse
and evaluate
commenced

Yr2 M12

Nursery-based cuttings
of potential natural
dwarfing material
completed.

Yr 3 M12

(Completed)
1) A survey by CePact was carried out in
Fiji along Viti Levu, Tailevu and Nadi
villages where the most genetic diversity
of breadfruit exists. Fourteen varieties
were characterised. A further 41
breadfruit accessions held at CePact
were also characterised.
2) A breadfruit survey joined by CePact,
USC and Samoa Ministry of Agriculture
and Fisheries was carried out in Samoa
from 27th Nov. to 2nd Dec. The survey
covered most of the coastal areas at
Upolu and Savaii islands. Nineteen
varieties were characterised.
3) A breadfruit survey in Vanuatu was
conducted in June 2017 through
collaboration of CePaCT, USC and
Vanuatu Agricultural Research and
Technical Centre (VARTC). Eighty-two
breadfruit varieties were surveyed and
leaf samples were collected.
(Completed) No dwarf phenotypes were
found during all the survey trips,26
however:
1) Nine varieties following the Fiji
survey were collected and raised at
CePact. A further 18 breadfruit
varieties were marcotted at Natewa
Bay Vanua Levu through
collaborative work between the
Ministry of Agriculture and CePact.
2) Due to changed policy in
Biosecurity Authority of Fiji (BAF),
varieties from Samoa and Vanuatu
have not been transported back to
CePact.
(Completed)
No dwarf phenotype was found during
the surveys.

26

We did not anticipate identifying any natural dwarfing types, but based some reports in the literature, we
needed to first exclude this possibility.
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2.2.3

Evaluation of
intra-species
grafting of fertile
(seedy) breadfruit
to reduce tree
stature

Grafting experiments to
assess the potential of
seedy breadfruit as
stock completed
(CePACT and USC)
1 report and results
presented through
breadfruit workshop
identified in milestone
2.1.2

Y4 M12

(Ongoing) Intra-species grafting
(undertaken by CePACT) were done
using cleft grafting on cv. Balekana and
Uto dina varieties. Unfortunately, all the
grafted plants died after 2 months due to
fungal contamination and poor planting
material used. Discussions with USC
project collaborator Dr Yuchan suggests
the need to use ‘approach-grafting’
methodology instead. In March 2018, Dr
Yuchan provided training on approach
grafting techniques resulting in 3 grafted
plants now growing well in CePaCT
green house. CePaCT project team is
focusing on preparing more planting
material to continue approach-grafting
experiments looking at different
combinations of varieties for rootstocks
and scions.
For inter-species grafting, CePaCT will
source Marang (A. odoratissimus) seeds
for regeneration in CePaCT and inclusion
into the approach-grafting experiments.
To further complement greenhouse
experiments, CePaCT has also initiated
in vitro grafting trials as a potentially time
saving method and one most suited for
CePaCT’s predominantly Tissue Culture
environment. Most of the in vitro grafted
plants died after a month of grafting
mainly due to contamination problems.
Two in vitro plants are still growing and
are now in bioreactor to boost growth for
later transfer to soil.
Grafted plants are expected to be planted
out in early-mid 2019 for further
observation of height and width.
In vitro grafting has now been
discontinued due to technical difficulties
and contamination.
(Ongoing) CePaCT sourced 190 plants
of seeded (Uto samoa and Uto buco ni
samoa) and seedless (Balekana and Uto
dina) varieties of breadfruits from three
farmers in Nadi in February. These
varieties were grafted in the screen
house in March 2019 with a 93.3%
success rate after 2 months of grafting.
These are expected to be ready for
transfer to the field by June. Data on
plant height, scion height, branching
habit, time of flowering and other
agronomic characteristics will be
documented for these field trials.
(Completed) Inter-specific grafting was
carried out at USC. Breadfruit was
successfully grafted onto Marang,
Pedailai and Lakoocha seedlings (Plant
Biology, 20 : 978-985). Growth analysis
on all grafted plants revealed a dwarf
phenotype in breadfruit trees growing on
marang rootstocks. The height of
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2.2.4

Genetic diversity
through
charactering GArelated genes and
comparative
genomic analysis

Sampling, isolation and
sequencing of GA
genes completed
Genome structure of
GA gene characterised
Gene expression
analysis completed
DNA extraction and
PCR completed (UQ,
USC)

Yr3, m12

Genetic diversity
through comparative
genomic analysis
completed (USC, UQ).

Yr4, m12

breadfruit trees on marang rootstocks
was reduced by 59 % within 18 months
after grafting. The findings can be
applied to breadfruit breeding program for
vigour control and developing dwarf
phenotype.
(Completed) A total of six GA20-oxidase
genes, AaGA20ox1- AaGA20ox6, and
four GA2-oxidase genes, AaGA2ox1AaGA2ox4 were isolated from breadfruit.
Two DELLA genes, AaDELLA1 and
AaDELLA2 were also cloned from
breadfruit. Sequencing of these fulllength genes were completed, and
genomic structure characterised.
The expression profiles of these genes
have been investigated in both vegetative
and reproductive organs of breadfruit
plants, and under different growth
conditions, including treatment of
exogenous gibberellin and gibberellin
biosynthesis inhibitor, Paclobutrazol, and,
under treatments of drought or high
salinity.
(ongoing) The genetic variation in GA
biosynthetic gene, AaGA20ox3 was
investigated in breadfruit samples
collected during the tree surveys. These
include 16 varieties from Fiji, Samoa 19
varieties from Samoa, 48 varieties from
Vanuatu, and 28 varieties from CePaCT
collection (Kiribati, 5; Marshall Islands, 2;
Solomon Island 1, Samoa, 3 and Fiji, 10).
Sequence comparison for this gene was
completed.
Analysis for genetic variation of another
GA biosynthetic gene member is under
way.

Objective 3: To enhance private sector and Government research and extension capacities in support
of fruit industry development.
No.
3.1

Activity
Extension
officer
training

Outputs/
Milestones
A steering committee
established.

Completion date

Comments

Y1 m6.

(Completed) Steering committee
meetings involving Government
representation from Samoa, Fiji and
Tonga were held at in June 2016
(Samoa) and July 2018 (Brisbane). The
2017 steering meeting was not held due
to delays in the MAFFF Tonga
nomination, the mid-term review
preparations, and a change in the
Samoa representation.
A series of six monthly country specific
project reports were provided to Tonga,
Fiji and Samoan Government.
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Based on participatory
involvement in objective
1 activities, MAF, MoA
and MAFFF extension
provided with training in
pineapple, mango and
citrus pre-harvest and
postharvest handling
practices (USC to
coordinate)

Y2, m12

(completed)
(Fiji). A pineapple master class was
held in Seaqaqa, June 2017. This
workshop was aimed at capacity
building MoA extension, research and
field staff (25 attendees) to help them
better assist Fiji Pineapple farmers.
Participatory training of MoA has also
been provided in mango Paclobutrazol
application provided in Nov 2016.
(Tonga) Capacity building of MAFFF
and MORDITT staff in citrus tree
management has been ongoing since
Nov 2016, based on staff coinvolvement in nutrient disorder
identification, pruning and tree
management, and fertilise scheduling,
associated with the ‘Eua community
citrus blocks. Additional training support
has also been provided to a commercial
citrus orchard owner on ‘Eua Island.
(Samoa) Staff from SROS has travelled
to Fiji in Dec 2018 to meet with NWC
breadfruit researchers and visit
breadfruit production and export
facilities. SROS staff has also travelled
to NSW (University of Newcastle, NSW
and to New Zealand to receive further
training in postharvest methods in
support breadfruit trials.

3.2

Establish
ongoing fruit
demo and
training plot
in Tonga

A semi-commercial and
demonstration tree fruit
block site preparation
and appropriate fencing
completed and initial
sourcing of planting
material commenced
(Nishi trading,
supported by USC
consultants, and
MAFFF)

Y1, m12

(Pending events)
Fijian MoA extension staff will further
benefit from a planned mango
workshop that will be held in Nov/Dec
2019.
Based on discussions at the 2018
project regional steering committee
meeting, it was agreed to focus on
improving postharvest institutional
capacity with SROS, MoA and MAFFF.
Two SROS will be attending the UC
Davis Postharvest short course in June
2019, and a MAFFF and MoA
representative the same event in June
2020.
(Completed) Site preparation for the
demonstration block at Nishi trading
completed in 2016.
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A semi-commercial and
demonstration tree fruit
block established at
Nish Trading
(Nishi trading,
supported by USC
consultants, and
MAFFF)

Yr 4 M12

(Completed) A collection of citrus
cultivars were imported into Tonga in
Nov 2016 and planted in early 2017 at
Nishi Trading.
A further shipment of 68 mixed fruit
trees was purchased and relocated to
Tongatapu in Oct 2017, but
experienced high mortality due to poor
in-transit preparation by the Australian
nursery.
A further shipment of planting material
from a different nursery was imported in
November 2018 and similarly planted at
Nishi Trading in early 2019.
(Additional output)
In partnership with PHAMA+ an
additional 200 T/limes were imported
into Tonga in recent days (April/May
2019) with 100 plants to be added to
the Nishi trading fruit orchard.
A second fruit demonstration plot will be
established at the MORDITT complex
prior to Dec 2019. This will also include
100 T/lime and Fiji Red Papaya.
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Objective 4: To enhance the engagement of smallholder farmers and communities in functional supply
chains to maximise pro-poor and livelihood outcomes
No.
4.1

Activity

Outputs/
milestones

Completion Comments
date

Identify farmers,
villages and
communities in
Tonga that the
project team will
work with, based on
a set of selection
criteria

Selection criteria
Yr1, m6
developed and
communities consulted
to assess interest to
participate

(Completed)
Undertaken as a two-part selection
exercise.

‘Eua was chosen based upon
socio-economic, and agribusiness
criteria established in previous
ACIAR Small Research Project.

Site selection criteria were
developed from consultation with
project partners MAFFF, MORDITT
and private industry partner Nishi
Trading. Further consultation was
undertaken with the Government
Representative of `Eua, the
People’s Representative of `Eua
(current Minister Finance), CEO
Ministry of Education and Trade,
the King’s Advisors, District
Officers, School Principals, and
Town Officers in `Eua.

Discussion forums were held with
the Houma School PTA and the
Ha’atua School PTA in April 2016 to
introduce the project, outline the
work program of a potential citrus
project and to determine if the
community was interested in
participating in the project.
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4.2

Identify farmers,
villages and
communities in
Samoa and in Fiji
that could potentially
participate in a
proposed citrus
project - based upon
a set of selection
criteria

Selection criteria
Yr1, m6
developed and
communities consulted
to assess interest to
participate

Undertake ongoing
engagement with
collaborating
communities in
Tonga to identify,
minimise and
mitigate risks to
smallholder farmers

Stakeholder analysis
Yr1, m12
and community
workshops undertaken.
Project tasks are
aligned with
community’s
governance structure.

Discussion forums and Yr1, m12
targeted interviews
undertaken to identify
risks, challenges and
barriers to the `Eua
citrus project in Tonga.
Strategies to remediate
or minimalise obstacles
have been identified.

(Completed)

GIS Maps developed for Samoa
and Fiji displaying project sites in
relation to available socio-economic
data. Regions of interest identified.

Selection criteria was established
for Samoa and Fiji community
based projects – amended from
that determined for Tonga.

Interviews undertaken with MoA,
SROS, and market vendors in June
2016. A discussion forum in Savaii
with the Sataua community
undertaken in February 2017.

Interviews undertaken with
pineapple farmers in Ba, the
pineapple co-ops in Natovi Jetty
region, Viti Levu, and MoA in
September 2016. These interviews
revealed that there was little
community impact of activities with
individual farmers, and women
were not involved in activities with
the pineapple co-ops.

Further 8 interviews undertaken
with the MOA research and
extension staff, Batiri citrus orchard
manager, horticulture consultant.

Community discussion forum with
the Naweni community identified a
citrus community facing
disadvantage who were
enthusiastic about being involved in
a horticulture based project. 1
report was prepared.
(Completed)
Stakeholder analysis and community
governance structure identified in
consultation with project partners.
Work program to prepare for citrus tree
planting and maintenance program
developed with Citrus Consultant and
project partners along with project budget
including co-investments by project
partners.
MORDITT, as the local NGO has now a
close partner in the project, and is leading
current and pending community
consultation and engagement activities in
Tonga.
(Completed)
Community workshop held for both
participating communities in April 2017,
sessions facilitated by project partners
MAFFF, MORDITT and USC.
Community maintenance programs and
Risk strategies developed.
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Interviews with selected Yr2, m12
NGOs and government
organisations plus
individual female
farmers and community
leaders in Tonga will be
undertaken to
determine how a side
project can be attached
to the community citrus
projects in `Eua that will
specifically benefit
women and girls.

4.3

Community
engagement with a
community of
subsistence farmers
in Savaii, and
another in Vanua
Levu will be
undertaken to
determine the
logistics and needs /
requirements to
expand the local
citrus industry.

A stakeholder analysis Yr 2, m12
and select stakeholder
interviews undertaken
to evaluate (i).
requirements for a
citrus project (skills /
training/ knowledge
needed) (ii). Risks
associated with a
prospective project and
(iii). Willingness of the
community to be
contribute to a citrus
project.

Develop a
monitoring,
evaluation and
learning framework
using participatory
methods to evaluate
and quantify project
impact in terms of
project outcomes
and livelihood
impacts for
participating small
holder farmers.

Community workshops Yr 3, m12
undertaken in Tonga
and Fiji to identify
livelihood goals and
livelihood transition
pathways.

(Unlikely to be finalised) While
extensive community engagement has
occurred in Tonga (see above), this
objective has not advanced since the
resignation Dr Lila Singh-Peterson in
August 2018.
At present we are focussing on
maintaining the two new community
orchards in ‘Eua, providing technical
assistance to a third private citrus orchard
[also on ‘Eua] and the Nishi citrus and
mixed fruit demonstration plot, importing
additional citrus and fruit species into
Tonga, and establishing a second fruit
demonstration/commercial fruit orchard at
the MORDITT complex. It should be
noted that the above involves a significant
expansion of investment.
If a second phase of the project was
recommended, then we plan to more
directly partner with MORDITT as to
possible strategy to enhance community
and gender flow-on benefit.
(Completed) Community consultation
has been successfully undertaken at four
citrus communities:

Sataua community in Savaii, Samoa

Naweni community, Vanua Levu, Fiji

Houma and Ha’atua communities on
`Eua Island, Tonga
We now have a detailed understanding of
the issues and risk and community
engagement interest for all for
communities. If a second phase of the
project was recommended, then we plan
to focus on these four communities in
terms of supporting the Houma and
Ha’atua communities [‘Eua Island, Tonga]
to now develop commercial citrus value
chains based on project-based plantings;
and establish new citrus orchards in
Sataua community [Savaii, Samoa] and
Naweni community, [Vanua Levu, Fiji].
(Completed) A baseline survey has been
completed for the Èua community citrus
project in May 2017.

A baseline assessment
will be compiled for the
`Eua citrus project.
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MEL assessments
Yr 3, m12
undertaken for the `Eua Yr 4, m12
citrus project via a
community discussion
forum and data
compilation

(Unlikely to occur) With the resignation
Dr Lila Singh-Peterson in August 2018,
we are now partnering MORDITT.
Given the ‘Eua citrus orchards are still too
young to bear a crop [and not likely prior
to 2020] it is premature to seek to
quantify livelihood impacts for
participating small holder farmers. We
therefore recommend this activity output
is removed for the current project.
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5 Impacts
5.1 Scientific impacts
To date, the project has produced a series of published academic papers, a booklet and numerous
technical reports.
Academic Publications
1. Molimu-Samasoni, S., Vaaiva, V. and Wills1 R.B.H. (2019) Effect of low temperatures on
the storage life of Samoan breadfruit (Artocarpus altilis). Fruits. (submitted April 2019)
2. Underhill, S.J.R, Zhou, Y., Sherzad, S., Zhou, Y., Molimau-Samasoni, S., Tagoai, S.M.
(2019) Postharvest loss in fruit and vegetables markets in Samoa. In. Food Security in
Small Island Developing State. Edits. Connell, J., and Lowitt, K. Chapter 7. pp 27. Springer
publishing, United Kingdom. (in press)
3. Zhou, Y. and Underhill, S.J.R. (2019) A dwarf phenotype identified in breadfruit (Artocarpus
altilis) plants growing on marang (A. odoratissimus) rootstocks. Horticulturae. (submitted
March 2019 horticulturae-465400)
4. Singh-Peterson L., and Iranacolaivalu, M. (2018) Gender perspectives on restrictions and
barriers for subsistence farmers wishing to engage further in Fiji’s food system. J Rural
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5.2 Capacity impacts
Two PhD students aligned to Hort 2014-077 have successfully completed their studies, with a further
three ongoing students, Mr Shalendra Prasad (JAF PhD scholar) and Mr Kelemeni [Menny] Tavuto
(ACIAR-USP Masters scholar), and Mr Leeroy Joshu (SINU internal PhD scholarship).
Hort 2014.077 has now established good postharvest pathology and postharvest value chain
expertise in Fiji (MoA and FNU) and Samoa (SROS), and is supporting further capacity in postharvest
handling in Solomon Islands. Additional capacity building activities in support of postharvest capacity
building are outlined in section 3.6. All recipients are either in ongoing government horticultural
research or horticultural university-based employment, therefore utilising this knowledge and skills.
1. Dr Mereia Fong Lomavatu (Fijian) undertook a review of postharvest diseases of mango in
Fiji based on a JAF scholarship. Mereia was awarded her doctorate in November 2018, and
is currently working with MoA Fiji in postharvest and pre-harvest horticulture. Supervisors:
L. Coates, S. Underhill, S. Trueman.
2. Dr Salesh Kumar (Fijian) undertook a study on horticultural postharvest handling practice
(ACIAR-USP scholar under PARDI and subsequently Hort 2014-077). Dr Kumar is currently
Head of School at the Fiji National University, and has recently completed an IFAD-funded
postharvest project, and is a co-researcher on Hort 2014-077. Supervisors: S. Underhill, S.
Kumar.
3. Mr Shalendra Prasad (Fijian) commence a study of pineapple postharvest handling practice
in Fiji in 30th July 2018. As a senior MoA staff member, Shalendra is using his ongoing PhD
studies to raise awareness of good postharvest handling practice within MoA horticulture
industry development strategies. Supervisors: S. Underhill, S. Burhart and S. Trueman.
4. Mr Kelemeni (Menny) Tavuto (Fijian) is studying pineapple postharvest handling practice
in Fiji, as a recipient of a ACIAR-USP Masters scholarship. Supervisors: F. Amosa and S.
Underhill.
5. Mr Leeroy Joshu (Solomon Islander) Leeroy is currently a lecturer at SINU and is
undertaking a SINU-funded PhD in Municipal and road-side market loss in the Solomon
Islands. Leeroy is the second person ever enrolled in a PhD at SINU. Supervisor: S. Underhill

5.3 Community impacts
5.3.1

Economic impacts

Given the project has only been active for just over three years and the long-term nature of fruit
industry development, it is too early to report on tangible economic impact. We would also like to
highlight that by deliberating focussing on outer Island development and partnering with communities
that have had limited prior donor support (where we believed greater long-term poverty alleviation
benefits could be achieved), we have needed to invest considerable time and effort (in the first 12
months of the project) in selecting and then establishing a partnership with these farming
communities.
In helping to re-build citrus production on Tonga (objective 1.5 and 4), we anticipate that economic
impact for the communities involved should start to be realised from 2020 onwards, when the trees
reach bearing-age. Based on the co-concurrent establishment of a third private citrus orchard there
are now +650 new citrus trees on ‘Eua Island. This is anticipated to result in 5 tonnes annual citrus
fruit production at 3-4 years27, increasing to 50 tonnes28 annually once tree reach full maturity (8-10
years). The recent establishment of a local packing shed on ‘Eua Island, and a new communityowned fast ferry between ‘Eua and Tongatapu Islands also provides critical infrastructure and
logistics in support of this outcome.
Research findings that Paclobutrazol, when applied as either a soil drench or a foliar spray, had an
immediate and positive effect on the incidence of flower production in pruned breadfruit trees,
(reversing the negative effects of pruning), is important. While further work is required, this treatment

27

Based on Queensland Department of Agriculture yield estimates: https://www.daf.qld.gov.au/plants/fruitand-vegetables/fruit-and-nuts/citrus/harvesting,-yields-and-prices
28 Based on Queensland Department of Agriculture yield estimates, but amended to incorporate a 50%
reduction in productivity to that anticipated under Australian commercial production condition.
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may assist breadfruit orchards to recover following cyclones, with possible economic community and
food security benefit.
Economic benefit associated with enhanced pineapple production in Fiji is anticipated, but will require
additional investment. In the case of the Vulagi farming community, convincing farmers to
progressively re-new planting is anticipated to have a major impact on productivity. The work
undertaken to date with this community has established a strong basis for this transition.

5.3.2

Social impacts

It is anticipated that many of the project activities across Fiji, Samoa and Tonga will result in
substantial social impacts that respond to poverty and hardship concerns across the region. Regions
of social disadvantage have been identified through GIS mapping, with community development
scoping activities concentrated in these areas.
Within the life of the four-year fruit tree project, post 2020 economic impacts associated with the
community based citrus orchards in `Eua are designed to flow across the community maximising
benefits for all participants. It is anticipated that this will result in enhanced livelihood opportunities
through engagement with domestic fresh fruit markets, and additionally from the myriad of value
adding activities that could stem from this initial project. Social impacts in regards to knowledge
creation through experiential learning activities of land preparation techniques, fruit tree maintenance
activities, in addition to project management and collaborative enterprise development skills are
some of the social impacts we will be monitoring throughout the project period in `Eua.
In endeavouring to create social impacts, it is important to highlight the significant community
engagement work that has been undertaken. Since the commencement of the project, 11 separate
community based workshops, suites of interviews, discussion forums and training activities have
been facilitated in Tonga, Fiji and Samoa ensuring that the project is grounded within a local context,
responding to local needs and opportunities as they arise. These include:















Tonga: 21 interviews conducted with MAFFF, MORDITT and Nishi Trading staff, the
Government Representative of `Eua, the People’s Representative of `Eua (current Minister
of Finance), CEO Ministry of Education and Trade, the King’s Advisors, District Officers,
School Principals, and Town Officers in `Eua to determine potential local site for the citrus
plots and to further refine the selection criteria and scope potential governance issues and
approaches.
Tonga: USC researchers, MAFFF and MORDITT representatives introduced the project to
the town officers and district officers at the District agriculture committee meeting (11 people)
held in April 2016 to gauge interest in leading the citrus project. The research team explained
potential yields and the anticipated work load required to produce good quality fruit.
Tonga: Discussion forums were held with Ha’atua Parent and Teachers Association (8
people – 3 M and 5 F), and the Houma Parent and Teachers Association (6 people – 2M
and 4F) to introduce the project, explain potential yields and the anticipated work load
required to produce good quality fruit. Both communities lead by their respective District
Officers (1M and 1F) were keen to participate in the project.
Samoa: 11 interviews (5 M and 6 F) with MOA staff, SROS staff, and citrus street and market
vendors in Savaii completed in September 2016 to determine citrus markets and seasonality.
Samoa: A discussion forum with the Sataua community in Savaii was undertaken in February
2017. 21 people (15M and 6F) attended to discuss current citrus crop yields, markets and
issues.
Fiji: 9 interviews (5M and 1F) were undertaken with pineapple farmers and presidents of two
pineapple co-operatives to scope potential community and gender equality impacts from
prospective pineapple training activities. Interviews occurred in September 2016.
Fiji: Further 8 interviews with MOA research (3M) and extension staff (2M & 4F), experienced
consultants residing in Fiji (2M) and the Batiri Citrus Orchard manager (1M) were undertaken
in March 2017 to examine current citrus production in Vanua Levu and existing markets.
Fiji: A gender segregated community discussion forum was held with the Naweni community
located in Vanua Levu (35 participants, 20M and 15F) to understand current citrus
production, markets and potential community impact of improved production.
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Tonga: Tree planting and on-site training occurred at the Ha’atua and Houma sites in April
017, co-ordinated by the Citrus Consultant, Mr John Chapman. Project partners MAFFF (1M)
and MORDITT staff (1M and 1F) also participated in the planting and on-site training.
Tonga: A community planning workshop took place following the citrus planting in April 2017,
and was attended by 44 people (26M and 18F).
Tonga: The Ha’atua school committee has delegated a tree to a group of school students to
monitor. It is anticipated that basic horticulture skills can be taught to students by observing
activities on the school plot, and that school based nutritional education activities can also
be centered around the citrus plot.

Additional community impacts have also been achieved by engagement the local community during
the survey of breadfruit diversity and the potential presence of dwarf breadfruit cultivars (Fig. 24).
Joint surveys of breadfruit diversity across with SPC, USC, Ministry of Agriculture in Samoa,
Department of Agriculture in Vanuatu (DARD) and VARTC in Vanuatu have led to numerous local
village consultation meetings. These community-based interactions have helped stimulated a greater
awareness of the importance of genetic diversity.

Figure 24. Breadfruit survey in Fiji: consulting local experts for breadfruit identity.
(Top) Left, Mr. Pateresio Lovolevu (SPC, Fiji) discussed with local village resident for breadfruit
identity during Fiji survey. Right, Ms Arshni Shandil (SPC, Fiji) and Ms Marie Melteras (VARTC,
Vanuatu) observed the age of an old wild breadfruit tree outside VARTC.
(Bottom) Left, Breadfruit survey, Mr. Tolo Losefa (SPC, Samoa); Mr Nauma Mailo (MAF, Samoa); Mr.
Pateresio Lovolevu (SPC, Fiji); discussed with local resident in village of Savaii island, Samoa. Right,
Dr. Yuchan Zhou (USC) reported breadfruit survey findings at Horticultural Centre-Atele, Ministry of
Agriculture and Fisheries of Samoa.
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5.3.3

Environmental impacts

While we are endeavouring to ensure sustainable horticultural production practice outcomes in all of
the fruit crops involved in this project, pineapple is of particular focus given the larger-scale of current
production and historical (and ongoing) poor farm practice. Pineapple production on hill-side slopes
in Fiji has resulted in significant soil erosion. This is particularly evident in the pineapple farms in the
Ba and Natovi regions, on Viti Levu Island. To promote better on-farm erosion management, 68
pineapples farmers were provided with hand-on demonstrations in how to construct water draining
systems to minimise soil erosion risk, and contour planting. After attending one of these workshops,
the Vulagi Pineapple Farmers Association successfully sought a grant from the Fiji Government to
grade several of their key farm access roads. While not a long-term strategy, this at least
demonstrates that the training workshops have raises awareness, and that further capacity building
of farmers is required (see photograph below).

2016

2017
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5.4 Communication and dissemination activities
Listed below are the stakeholder meetings and research travel undertaken to date.

Date

Person and Trip Purpose

April 2016

(Singh-Peterson) Site selection in ‘Eua with citrus consultant and project
partners, Tonga.
(Zhou) Project planning travel to CePACT Fiji.
(Chapman) - Tonga. Assess citrus industry Tongatapu and ‘Eua Islands and
engage ‘Eua community re suitable orchard sites, Tonga.
(Underhill, Baker) Fijian inception workshop.
(Underhill, Ma'asi, Prasad, Hunter) Samoan inception workshop and regional
steering committee meeting.
(Singh-Peterson) Interviews with citrus growers and vendors in Savaii, MOA
crops and SROS staff members.
(Zhou) Project discussion, molecular training to CePACT Fiji.

April 2016
April 2016
June 2016
June 2016
June 2016
Aug. 2016
Aug. 2016
Sept. 2016
Sept. 2016
Sept/Oct. 2016
Oct. 2016
Nov. 2016
Nov. 2016

Dec. 2016

(Chapman) - Tonga. Confirm orchard sites, conduct initial training at ‘Eua and
plan tropical fruit site at Nishi Trading, Tonga.
(Singh-Peterson) Meetings with the Tonga government regarding community
citrus plots, Tonga.
(Singh-Peterson) Interviews with pineapple farmers and MOA extension officers
in Ba and with two pineapple co-operatives located at Natovi Jetty.
Dr. Seeseei Molimau-Samasoni travelled to New South Wales Australia for
postharvest training at the University of Newcastle (Ourimbah Campus).
(Underhill) Pineapple supply chain assessments, Samoa.
(Underhill) Support for tree fruit exports to Tonga, Sydney.
(Chapman) - Tonga. Assess site preparations, order equipment, receive citrus
trees imported from Eyles Nursery Sydney, plant at Nishi Trading and ‘Eua trees
potted for holding in nursery.
(Zhou) Breadfruit cultivar survey and investigation on the potential of dwarf
cultivar (Samoa).

Dec. 2016
Dec. 2016

(Baker) Mango and breadfruit trial establishment, Fiji.
(Cooke) technical assistance and support for mango postharvest disease
survey, Fiji.

Feb. 2017
Feb. 2017

(McGregor, Santen, Underhill) Pineapple farmer training, Fiji.
(Singh-Peterson) Discussion forum held with Sataua community and follow up
interviews with gender experts in country, Samoa.
(Singh-Peterson) discussion forum with pineapple in Vanua Levu and citrus
growers in Vanua Levu, Fiji.
(Singh-Peterson) Planting of citrus trees, community discussion forum to
determine maintenance program and community governance arrangements,
Tonga.
(Chapman) - Tonga. Transport trees from Tongatapu to ‘Eua mark out and plant
citrus trees at Houma village and Ha'atua village and conduct in-field training
and attended workshop.

Feb. 2017
April 2017

April 2017

June 2017

(Singh-Peterson) Invited presentation at ACIAR’s Gender Workshop, Fiji 1 – 3rd
June 2017.

June 2017

(Singh-Peterson) Facilitated 6 gender segregated community discussion forums
– Upolu, Samoa.
(Baker) Mango and breadfruit trial work and project planning, Fiji.

June 2017
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Date

Person and Trip Purpose (continued)

June 2017

(Zhou) Breadfruit cultivar survey and investigation on the potential of dwarf
cultivar, Vanuatu.
(McGregor, Santen, MoA staff) Pineapple master class, Vanua Levu, Fiji.
(Underhill) stakeholder meetings and field site visits, ‘Eua and Tongatapu
Islands, Tonga.
(Underhill) Stakeholder meetings in Suva, Fiji.
(Underhill & Yuchan) presentation of project activities and the Pacific and Global
breadfruit summit, Apia.

June 2017
Sept 2017
Sept 2017
Oct 2017
Oct 2017
Oct 2017

Nov 2017
Nov/Dec 2017
Dec. 2017
Feb. 2018
April 2018
April 2018
April 2018
April 2018
June 2018
July 2018
Aug. 2018
Aug. 2018
Oct. 2018
April 2018
Nov. 2018
Dec 2018
March 2019
March 2019
March/April
2019

(Underhill) attendance at the Pacific week of Agriculture meetings/symposia in
Port Vila, Vanuatu.
(Underhill) Fiji. Tropical fruit postharvest handing presentation. International
Symposium on Tropical Fruits (ISTF): Food Security amidst a Changing Climate:
Towards a Sustainable and Resilient Tropical Fruits, Nadi, Fiji. 22-25 October.
(Chapman) Tonga. Citrus tree evaluation and stakeholder consultation.
(Underhill, Chapman, Kumar, Prasad, Zhou) attendance at the ACIAR mid-term
review, Fiji.
(Baker) Mango trial assessments in Fiji.
(Singh-Peterson) Consultation with Naweni community and government officers,
Vanua Levu, Fiji.
(Baker) Mango trial assessments in Fiji.
(Seeseei-SROS) Breadfruit coordination meeting travel from Samoa to Fiji.
(McKenzie) Pineapple workshop preparation and consultation meeting to Fiji.
(Zhou) Breadfruit dwarfing progress meeting in Fiji.
(Chapman, McKenzie) Tonga citrus community orchard assessments.
(Underhill, McKenzie) Pineapple postharvest workshop Fiji.
(Seeseei, Hunter, Tauati, Prasad, Manu) travel to Brisbane to attend annual
project review meeting.
(Underhill) Postharvest research collaboration and USP student seminars.
(Seeseei, Va’aiva-SROS) travel to Plant and Food Research New Zealand to for
postharvest training.
(Zhou) Breadfruit dwarfing progress meeting in Fiji.
(Underhill, Kumar, Patolo) Vavau pineapple supply chain assessment in Fiji.
USP student meetings in Nadi, Fiji.
(Baker) Fiji mango and Breadfruit trial assessments.
(Underhill) Samoa. Review project research progress.
(Chapman, McKenzie) Tonga citrus trial plot assessments on ‘Eua and
Tongatapu.
(Zhou) Fiji breadfruit research review meetings with CePACT.
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PROJECT STEERING COMMITTEE
To ensure Pacific Island Government agencies involved or associated with this project have been
regularly updated and consulted (Fig. 23), we have prepared and distribution country-specific six
monthly report, held a series of Government stakeholder briefing, and ensured the project annual
report is widely distributed. The specifics are listed below.

Date

Forum and location

June 2016

Pacific inception workshop, Nadi, Fiji

June 2016
December 2016

Regional steering committee meeting, Apia, Samoa
Distribution of 6- monthly MAFFF, MoA and MAF country-specific project
report
Distribution of annual project report to MAFFF, MoA and MAF
MAFFF project update briefing, Tongatapu, Tonga
Distribution of 6- monthly MAFFF, MoA and MAF country-specific project
report

July 2017
August 2017
September 2017
November 2017
August 2018

Mid-term review, Fiji.
Regional steering committee meeting in Brisbane

Figure 25. The regional steering committee meeting held in Brisbane (August 2018) attended by project
representatives from SROS, MAF, MoA, MAFFF, UQ, and USC.
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8 Appendices
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8.1 Project objectives and sub-objectives
The project budget and objectives were amended slightly in November 2018, due to some minor
staff changes and associated re-alignment of project activities. The below list of objectives are
sourced from ACIAR approved project variation document.
Objective 1:
To increase the profitability of existing fruit production through improved productivity
and postharvest handling practices
Activities 1- Papaya

Improve access to elite seed material for small-holder farmers in Samoa (Natures Way
Cooperative)
Activity 2 – Breadfruit

Improve the commercial viability of sea-freight exports in Samoa by developing postharvest
protocols for small consignment shipments (SROS)

Assess existing breadfruit postharvest value chains in Samoa to identify key risk factors (USC)

Reduce losses and improve product quality of domestic breadfruit supply chains in Samoa
(USC)
Activity 3 – Pineapple

Assess the level of agribusiness capacity of pineapple farmers in Tonga, Samoa and Fiji (USC
appointed consultant)

Increase smallholder farmer access to domestic tourism markets in Fiji and Samoa by
introducing agronomic practices (hormonal sprays) to support year round production of
pineapple and concurrent agribusiness support. (Led by USC appointed consultant with
assistance from MoA, MAF/SROS, and MAFFF)

Evaluate the existing postharvest handling constraints along pineapple value chains in Fiji,
Samoa and Tonga, and provide appropriate remediation (FNU USC)

Undertake capacity building of local pineapple farmers in Samoa, Tonga and Fiji (USC, UQ,
local extension staff, contracted commodity experts)

Undertake concurrent postharvest optimisation of sea freight storage protocols for Samoan
pineapple in support of a future Samoa pineapple export industry (SROS)
Activity 4 - Mango

Evaluate the use of paclobutrazol and azoxystrobin to better regulate flowering (contracted
commodity experts, MoA)

Evaluate the use of bagging fruit to improve fruit quality for better varieties (contracted
commodity experts, MoA)

Identify key pre-harvest pests and postharvest disease risk for mango production in Fiji (FNUpests, USC-diseases)

Initiate cultivar evaluation trials for cv. Tommy Atkins and Mango Salusalu (contracted
commodity experts, MoA)

Undertake a training workshop with smallholder mango farmers in Fiji (contracted commodity
experts, MoA, FNU, USC)
Activity 5 - Citrus

Assess the viability of the Vanua Levu, Fiji citrus value chains (USC, FNU, MoA)29

Identify and source existing citrus material imported into Tonga through previous ACIAR
projects and relocate to ‘Eua (contracted commodity experts, USC)

Where appropriate purchase and import additional citrus cultivars into Tonga (contracted
commodity experts, MAFFF, USC)

In consultation with the community in ‘Eua identify and prioritise training and capacity needs
for growers (USC, in partnership with Hango Agricultural College and MORDI) and provide
appropriate training

Establish a community based citrus nursery in ‘Eua in partnership with the Hango Agricultural

29

This activity will be jointly undertaken in partnership with FST/2014/067
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College and MORDITT (USC)
Undertake capacity building of local growers in ‘Eua to improve orchard and tree management
(contracted commodity experts, MAFFF, USC)

Activity 6 – Economic impact (USC to coordinate)

Baseline economic data will be gathered at the commencement and conclusion of the project
associated with the target crops to determine impact. (USC, supported by Jeremy Buultjen,
appointed consultants; MAF, MoA and MAFFF)
Objective 2:
To improve climatic resilience of breadfruit through improved canopy management
and investigating the diversity of breadfruit tree form
2.1 To identify best practice canopy and tree management options consistent with smallholder
farmer production systems (Natures Way Cooperative, Technical input from USC appointed mango
technical expert)
Activities:
1. Assess a range of pruning practices and schedules to control tree vigor, in terms of net
yield and fruit quality.
2. Assess alternative non-mechanical strategies to reduce tree vigor (including variable tree
spacing and potential for soil nutrition management).
3. Undertake smallholder farmer training in Fiji to communicate trial results.
2.2 Investigate the genetic diversity of breadfruit to identify potential low tree form traits (USC, UQ,
SPC CePact)
Activities:
1. Investigate diversity of breadfruit tree forms across the Pacific islands.
2. Evaluate morphological traits of potentially natural dwarf/semi-dwarf varieties under
standard growth conditions.
3. Investigate grafting effects on breadfruit tree form (in line with promising results from project
HORT/2012/095)
4. Analyse genetic diversity of tree form through characterising GA-related genes and
comparative genomic analysis
Objective 3:
To enhance private sector and Government research and extension capacities in
support of fruit industry development (USC, MoA, MAF, MAFFF)
Activities
1. Identify MoA, MAFFF and MAF extension staff to receive training in pineapple, mango and
citrus pre-harvest and postharvest handling practices. Provide pre-harvest and postharvest
capacity building through participatory engagement in objective 1 (MoA, MAF and MAFFF,
SPC steering group).
2. A semi-commercial and demonstration tree fruit block established at Nishi Trading. This will
be used to support local training activities and consolidate existing genetic introduced to
Tonga through previous ACIAR projects (Nishi and USC, supported by MAFFF).
Objective 4:
To enhance the engagement of smallholder farmers and communities in functional
supply chains to maximise pro-poor and livelihood outcomes
Activities
1. Identify farmers, villages and communities that the project team will work with, based on set
of selection criteria that seeks to maximise poverty alleviation outcomes and gender-based
engagement.
2. Undertake ongoing engagement with collaborating communities to identify, minimise and
mitigate risks to smallholder farmer participating in the project, and work with women within
the value chains to ensure gender equity objectivities.
3. Develop a monitoring, learning and evaluation framework using participatory methods, to
evaluate and quantify project impact in terms of project outcomes and livelihood impacts for
participating smallholder farmers.
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