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Abstract: The Fiji Islands, like many small Pacific island nations, are thought to incur high rates
of postharvest loss. Little work has been undertaken to quantify the amount of loss within Pacific
horticultural value chains, or identify the key determinants. This study sought to quantify postharvest
loss within Fijian smallholder tomato value chains and to examine the relative importance of current
on-farm practices as possible contributors to this loss. A semi-structured survey of 115 smallholder
tomato farmers in Sigatoka Valley and eastern Viti Levu was undertaken, covering socio-economic
and demographic parameters, production and postharvest handling practice, and postharvest loss
based on farmer recall. On-farm postharvest loss for smallholder farmer tomato value chains was
between 26.1% in Sigatoka Valley and 27.6% in eastern Viti Levu. This finding was consistent with
quantification of postharvest loss in Fijian tomato chains by direct determination, but is relatively high
when compared to smallholder tomato value chain loss in Sub-Saharan Africa. When Fijian tomato
value chains were segregated according to specific postharvest handling practice, the contributors to
postharvest loss were often associated with on-farm decision-making. Those value chains that only
harvested once a week, or in the early morning (before 7 am) or mid-day onwards, stored harvest
product in the field for more than three hours, did not sort or grade prior to on-farm ripening, or
used packing sheds that had relatively open designs, all had consistently higher levels of postharvest
loss. The prevalence of specific postharvest handling practice in both locations is further reported.
While this study highlights the impact of current on-farm postharvest handling practices on tomato
value chain loss, what remain unclear are the underlying drivers associated with current postharvest
handling behaviour and the decision-making that shapes quality and logistic control activities.
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1. Introduction

The Fiji Islands, like many developing countries, are thought to incur high rates of horticultural
postharvest loss [1–6]. Quantifying this loss at a national level, while useful in terms of providing a basis
for wider regional comparisons, is often compromised due to variable production practice, crop-type,
seasonality, and socio-economic factors [7–9]. How postharvest horticultural loss is determined,
either by farmer recall (i.e., survey-based methodologies) or by direct determination (i.e., physical
measurement methodologies), can also influence findings [10]. In the absence of larger longitudinal and
multi-sectoral studies that might address such variability, more can be potentially achieved through
developing a better appreciation of the determinants of postharvest loss within commodity-specific
value chains [7,11].

There have been few published studies of postharvest horticultural loss in Fiji, or the wider South
Pacific region. Often, researchers attribute horticultural loss to a series of generic factors such as a lack
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of on-farm postharvest infrastructure, limited or discontinuous access to labour, poor transport systems,
a lack of a cool chain, and general supply chain dysfunction [1,12–14], reflecting wider thematic
challenges experienced by smallholder horticultural farmers elsewhere [12]. There is also a perception
that smallholder farmers are often disconnected from the market and consumers, and as a result are
poorly informed as to the extent and causes of loss [15]. However, horticultural value chains in the
South Pacific tend to be associated with very short transport distances (commonly less than 50 km) [9],
involve small volumes of supply [6], with farmer access to good telecommunications services [16,17],
and value chains that are often linked to a large network of road-side vendors and regional fruit and
vegetable markets [6]. While underlying postharvest practice may be poor, this fast-to-market and
possibly rapid market throughput, has the potential to lessen postharvest loss vulnerability. A recent
study of postharvest loss in the Solomon Islands reported a range of value chain strategies to reduce
potential loss, with farmers and vendors regulating supply volume, avoiding sourcing perishable
product from supply chains with challenging transport logistics, and adopting various in-market
strategies (such as whole-of-market price discounting periods and local value-adding) to enhance fast
market throughput [9]. In the case of Fijian horticultural value chains, the nexus between possible
poor postharvest practice and chain operations that are likely to reduce postharvest loss vulnerability
is unclear.

This study aims to examine current postharvest handling practices and associated loss for
smallholder tomato value chains in Fiji, based on farmer perception. Given that horticultural
postharvest handling remediation in Fiji is rarely based on a detailed understanding of existing
value-chain operations, the information gleaned from this study should assist in developing more
targeted and possibly more effective on-farm postharvest interventions. This study will also aid
smallholder farmer’s decision making by presenting anticipated levels of postharvest loss associated
with various handling practice options. Tomato was selected as the study crop because it is an important
commercial horticultural crop in Fiji, and the subject of several prior value chain studies [5,18,19].

2. Materials and Methods

2.1. Location

This study was undertaken in the western and eastern parts of Viti Levu Island, the Fiji Islands
(Figure 1). Sampling in the western region of Viti Levu, occurred in the Sigatoka Valley, Nadroga
province, the main vegetable production center on Viti Levu. The Sigatoka Valley is often divided into
four zones; east bank, lower Valley, mid Valley and upper Valley. Given the focus on developing a broad
understanding of postharvest handling practices, sampling was not segregated within the Sigatoka
Valley. However, the upper Valley, was excluded from the study as it is largely subsistence-based
community gardens and farms [20]. Sampling in the eastern Viti Levu was in Rewa, Naitasiri,
Namosi and Tailevu provinces, where there is a concentration of peri-urban and commercial-scale
horticultural farmers.

These two study areas incorporated approximately 80% of the commercial tomato production on
the Island of Viti Levu [19,21].
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Figure 1. Map of the Fiji Islands. (A) Location of the Fiji Islands relative to countries within close proximity. 
(B) Map of Viti Levu Island within the Fiji Islands group. (C) Map of the two study sites on Viti Levu where 
farmer surveys were undertaken. (Map source: CartoGIS Services, College of Asia and the Pacific, The 
Australian National University, Australia, 2019). 

2.2. Survey Design 

The survey design was based on a semi-structured questionnaire involving face-to-face 
interviews consistent with previous reported studies [19]. The study was undertaken between 
November 2013 and January 2014, with horticultural production volume and on-farm production 
practices having remained static since this study [21,22]. The sampling period was selected, as it was 
outside of the normal planting and harvesting cycles. To further reduce external distractions and 
interference with farmers’ routine farm activities, the survey was conducted at midday and during 
the evenings. 

The questionnaire was segregated into 21 components that accounted for all steps associated 
with production and postharvest handling [23]. Component one involved 28 questions on 
smallholder farmer socio-economic and demographic parameters. Components two to five had 53 
questions concerning production practices, pests and diseases and pre-harvest treatments. 
Components six to 14 had 79 questions on harvesting, grading, storage, packaging, cooling, transport, 
and postharvest loss based on farmer recall. The farmers’ perception of postharvest loss during each 
postharvest handling practice was determined. The total postharvest loss was calculated as the sum 
of pre-harvest loss, harvesting loss, sorting loss, storage loss and grading and packaging loss. 

A stratified random sampling technique was adopted which distributes the population into 
small homogeneous groups (strata), and takes a random sample from each stratum [24,25]. 
Enumeration areas were based on those used in the Fiji National Agricultural Census [22]. A list 
sampling frame for commercial smallholder farmers was prepared with the assistance of local crop 
extension officers and validated with area advisory councilors in each location. List Sampling Frame 
is one of the three methodologies used for the Fiji National Agricultural Census [22], but this did not 
identify tomato farmers as a defined sub-group. 

To validate responses, interviews were undertaken on-farm to allow for a diagnostic review of 
potential farm handling practices and infrastructure. Participation was voluntary, undertaken in the 
local language to ensure participant responses were accurately interpreted, and documented with 
prior briefings provided to potential participants outlining the nature and reason for the study. The 
questionnaire was pre-tested and refined using ten farmers, five from each of the groups. 
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Figure 1. Map of the Fiji Islands. (A) Location of the Fiji Islands relative to countries within close
proximity. (B) Map of Viti Levu Island within the Fiji Islands group. (C) Map of the two study sites on
Viti Levu where farmer surveys were undertaken. (Map source: CartoGIS Services, College of Asia and
the Pacific, The Australian National University, Australia, 2019).

2.2. Survey Design

The survey design was based on a semi-structured questionnaire involving face-to-face interviews
consistent with previous reported studies [19]. The study was undertaken between November 2013
and January 2014, with horticultural production volume and on-farm production practices having
remained static since this study [21,22]. The sampling period was selected, as it was outside of the
normal planting and harvesting cycles. To further reduce external distractions and interference with
farmers’ routine farm activities, the survey was conducted at midday and during the evenings.

The questionnaire was segregated into 21 components that accounted for all steps associated with
production and postharvest handling [23]. Component one involved 28 questions on smallholder
farmer socio-economic and demographic parameters. Components two to five had 53 questions
concerning production practices, pests and diseases and pre-harvest treatments. Components six to 14
had 79 questions on harvesting, grading, storage, packaging, cooling, transport, and postharvest loss
based on farmer recall. The farmers’ perception of postharvest loss during each postharvest handling
practice was determined. The total postharvest loss was calculated as the sum of pre-harvest loss,
harvesting loss, sorting loss, storage loss and grading and packaging loss.

A stratified random sampling technique was adopted which distributes the population into small
homogeneous groups (strata), and takes a random sample from each stratum [24,25]. Enumeration
areas were based on those used in the Fiji National Agricultural Census [22]. A list sampling frame
for commercial smallholder farmers was prepared with the assistance of local crop extension officers
and validated with area advisory councilors in each location. List Sampling Frame is one of the three
methodologies used for the Fiji National Agricultural Census [22], but this did not identify tomato
farmers as a defined sub-group.

To validate responses, interviews were undertaken on-farm to allow for a diagnostic review
of potential farm handling practices and infrastructure. Participation was voluntary, undertaken
in the local language to ensure participant responses were accurately interpreted, and documented
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with prior briefings provided to potential participants outlining the nature and reason for the study.
The questionnaire was pre-tested and refined using ten farmers, five from each of the groups.

2.3. Data Collection

A total of 115 smallholder tomato farmers were interviewed in this study, based on 70 farmers in
the Sigatoka Valley, and a further 45 farmers in eastern Viti Levu. This sampling represented 60% of the
total commercial tomato farmers in the Sigatoka Valley, and 40% of the tomato farmers in eastern Viti
Levu [21,22]. Enumerators were used to assist in undertaking surveys. To reduce error and ensure a
standard approach was employed in interviewing participants, all enumerators received prior training.
All interviews were completed in full compliance with the University of the South Pacific, Faculty
Human Research Ethics Approval 6D279-1421.

2.4. Data Analysis

Data was statistically analysed using IBM statistics SPSS 21. Testing for normality using
Shapiro–Wilk and Kolmogorov–Smirnov® tests was conducted for all the variables to determine
whether variables followed a normal distribution. If normally distributed, (p > 0.05), analysis of
variance (ANOVA) was used for statistical analysis. For variables with more than two groups, a posthoc
Tukey test was conducted for multiple comparisons to determine the level of significant difference
within the variable group. For one nominal and one ranked variable, if p > 0.05, non-parametric (does
not meet normality assumptions), a Kruskal–Wallis, Chi square test was used. A Mann–Whitney U test
(two independent samples) was conducted to determine statistically significant differences between
the variable groups.

3. Results

3.1. Farmer Socio-Demographics and Land Access

Tomato growing in Fiji is dominated by male farmers, representing 62% and 70% of the farms
surveyed in the Sigatoka Valley and eastern Viti Levu, respectively (Table 1). This finding is consistence
with other studies [19]. The age demographics differed between the two production centers, with
most Sigatoka tomato farmers being slightly younger, 35 to 50 years (38%), whereas tomato farmers in
eastern Viti Levu, were commonly 51 to 65 years old (47%). Tomato farmers in the Sigatoka Valley
had participated in horticultural farming for longer, with 57% of farmers having 21 years or more of
experience, and 28% having more than 31 years of experience. In comparison, tomato farmers in eastern
Viti Levu had been farming for less time, with only 32% having greater than 21 years of experience.
Many of the farmers in eastern Viti Levu identified themselves as being former sugarcane farmers.

Most Fijian tomato farmers resided on or adjacent to their farm, with a mean household size of 4.8
and 4.3 for farms in Sigatoka and eastern Viti Levu, respectively (Table 1). There has been a reduction
in household size in the last 30 years, with Chandra [26] previously reporting that the Sigatoka Valley
farm households consisted of six to eight persons. A reduced farm household size and aging farmer
demographics is anticipated to lead to an increased reliance on hired labour to support farm operations.

The average farm land area was 2.1 and 2.9 ha for Sigatoka Valley and eastern Viti Levu, with
those farmers growing tomato allocating 0.8 and 0.4 ha of this land to tomato production, respectively
(Table 2).
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Table 1. Socio-demographics of Fijian tomato farmers in Sigatoka Valley and eastern Viti Levu.

Socio-Demographic
Characteristics Category Sigatoka Valley z (%) Eastern Viti Levu y (%)

Gender
Male 62 70

Female 38 30

Age of farmer (years)

<35 23 5
35–50 38 40
51–65 37 47
>66 2 8

Farming experience
(years)

<10 22 26
11–20 23 42
21–30 29 14
31–40 22 16
>41 6 2

Location of place of
residence

On-farm 83 88
Off-farm 17 12

Mean household size 4.8 (2.1) a x 4.3 (1.4) b
z number of farmers surveyed = 65. y number of farmers surveyed = 43. x Values followed by the same letter within
rows were not significantly different (p < 0.05) using Levene’s test for equality of variances. Values presented in
parentheses indicated standard deviation.

Table 2. Land use and access for smallholder tomato farmers in the Sigatoka Valley and eastern Viti
Levu, Fiji.

Land Resource Category Sigatoka Valley Eastern Viti Levu

Land use (ha)
Mean area available for cultivation
per farm 2.1 (1.3) a x 2.9 (2.5) a

Mean area under tomato production 0.8 (0.3) a 0.4 (0.3) a

Holding (%)
Leased native land 54 45
Freehold land 38 15
Leased crown land z 8 35

Native land (%)

Leased from i-Taukei land trust y 55 67
Tenancy at will 9 5
Communal 25 8
Landowner/tenant arrangement 11 20
Lease period <5 years 71 63

Crown land (%) Lease period <5 years 100 40
z Leased crown land is land owned by the Fijian Government. y i-Taukei land trust formally called the Native
land trust board. x Values followed by the same letter within rows were not significantly different (p < 0.05) using
Levene’s test for equality of variances. Values presented in parentheses indicated standard deviation.

Most of the tomato production in the Sigatoka Valley and eastern Viti Levu was grown on leased
native land, 54% and 45%, respectively (Table 2). In the Sigatoka Valley, 38% of tomato production
was also sourced from freehold land, with production from crown land (i.e., land owned by the Fijian
Government) comparatively minor (8%). This was in direct contrast to eastern Viti Levu where 35%
of tomato farmers were sourced from leased crown land. In the last five years only 40% of crown
land leases in eastern Viti Levu have been renewed, compared to 100% in Sigatoka Valley. The fact
that most of Fiji’s tomato production was sourced from short-term native or crown-leased land (i.e.,
less than 5 years), may have shaped farm demographics, farm practices, and created disincentives
for farm infrastructure investment. Challenges in accessing farming land in eastern Viti Levu was
anticipated to lead to a further concentration of tomato production in the Sigatoka Valley. In the
Sigatoka Valley, especially the mid-Valley region some farmers indicated that they only had one-year
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lease agreements, due to non-renewal of long-term leases. A small cohort of Sigatoka farmers (10%)
had adopted share-farming with land owners, relatives or friends to ensure commercial farming.

3.2. On-Farm Postharvest Infrastructure

None of the smallholder farmers surveyed had dedicated on-farm postharvest infrastructure
(Table 3). Instead, horticultural product was stored or ripened in a range of multiple purpose structures.
For tomato farmers, the primary purpose of the postharvest infrastructure was to store product during
on-farm ripening. The majority of farmers stored harvested tomato in open sheds (no side walls), with
corrugated iron permanent roofs and a concrete floor. Almost a quarter (20 to 25%) of smallholder
tomato farmers had no farm infrastructure at all, instead utilizing vacant space within the farm house
(often on the verandah). Only 30% to 35% of farmers had multipurpose structures with windows and
doors, likely to provide adequate protection to the product during storage.

Table 3. Percentage (n = 108) of Fijian tomato farmers who have on-farm postharvest infrastructure.

Variable Group Sigatoka Valley (%) Eastern Viti Levu (%)

Postharvest
infrastructure Dedicated purpose building z 0 0

Multiple purpose building 100 100

Multiple purpose
building

Structure design
Enclosed shed 20 28

Open shed 60 47
Vacant space in farm house 20 25

Roof structure
Corrugated iron (permanent) y 91 70
Corrugated iron (temporary) 9 30

Sidewall structure
No side walls 53 65

Closed with windows and doors 35 30
Half-way closed 12 5

Floor structure
Wooden 6 33
Concrete 82 49

Bare-ground 12 19
z Dedicated (sole-use) postharvest building. y Roofing material fixed to structure (permanent structure).

3.3. Loss During On-Farm Postharvest Handling Practice

Farmer perception of postharvest loss along the on-farm postharvest handling chain is presented
in Table 4. Overall postharvest loss was slightly higher for farmers in eastern Viti Levu compared to
those in the Sigatoka Valley, with mean on-farm postharvest loss of 26.1% to 27.6%. Farmers considered
that most on-farm postharvest loss was evident during harvesting (7.6% and 8.9%) and following
storage (8.6% and 10.1%), for Sigatoka Valley and eastern Viti Levu, respectively. Pre-harvest loss, and
loss during harvesting and pre-storage sorting (collectively, 14.1% in Sigatoka Valley and 13.4% in
eastern Viti Levu) were likely to be symptomatic of low-intensity and rain-fed production systems.
Elevated loss during on-farm storage and packaging (collectively 12.1% in Sigatoka Valley and 14.1%
in eastern Viti Levu) were likely to reflect poor harvesting practice and temperature management.
Postharvest diseases were particularly prevalent during on-farm ripening and storage, consistent with
prior studies [5]. However, the specific postharvest pathogens involved were not determined.



Horticulturae 2019, 5, 74 7 of 14

Table 4. Mean percent product loss as a consequence of pre-harvest and postharvest practice.

Product Loss z Sigatoka Valley (%) Eastern Viti Levu (%) Reasons for Loss

Pre-harvest 0.4 a y 0.1 b Birds, wind and rain

Harvesting 7.6 a 8.9 a
Pests, diseases, unable to
harvest due to rain, soil

contact, unsold
Sorting 6.1 a 4.4 a Insect damage, soft fruits

Storage 8.6 a 10.1 a Decay, overripe, insect
damage

Grading and packaging 3.5 a 4.0 a Failed to ripe, overripe,
blemishes x, size

Total loss w 26.1 a 27.6 b
z Postharvest loss was based on farmer recall. y Values followed by the same letter within rows were not significantly
different (p < 0.05) using Levene’s test for equality of variances. x The causes of surface blemish (i.e., pest, disease,
wind, bird, or poor handling) were not determined. w The end-use of product removed from the chain (i.e., possible
use as animal feed, compost, family consumption, or refuge) was not determined.

3.4. Postharvest Loss Associated with Specific Types of Postharvest Handling Practice

To examine the potential impact of various postharvest handling practices on overall value chain
postharvest loss, all value chains were segregated by location (Sigatoka Valley or eastern Viti Levu) and
then by specific postharvest handling practices (i.e., time of harvest, the person undertaking harvest,
the number of harvests per week, the amount of time the harvested product remained in the field prior
to transport to the packing shed, sorting and grading practices, and packing shed design). Table 4
presents the mean percent postharvest loss, based on farmer recall, experienced by value chains that
incorporated specific postharvest handling variables.

The time of harvest was categorized into four periods, early in the morning (before 7 am), morning,
midday and afternoon (after 2 pm) (Table 5). Tomato value chains that harvested in the early morning
(before 7 am) experienced increased postharvest loss, compared to those harvested after 7 am but
before mid-day. This is possibly due to product being harvested wet, as a consequence of early
morning dew often experienced in Fiji, increasing the risk of subsequent postharvest diseases. There
were no significant differences between very early morning, the middle of the day and late afternoon
harvesting. While 38% of the tomato farmers in Sigatoka Valley and 35% of the farmers in eastern Viti
Levu harvested in the morning (after 7 am), the majority tended to harvest at times associated with
elevated loss (Figure 2A).

The person involved in harvesting the crop had a significant effect on postharvest loss (Table 5).
Value chains that used hired labour to harvest the crop experienced significantly greater levels of
postharvest loss, compared to those harvested by the farmer-only or farmer and other family members.
Interestingly, the inclusion of family members in the harvesting process also increased loss, compared
to harvest undertaken solely by the farmer. Most tomato farms in Sigatoka Valley and eastern Viti
Levu involved farmer and wider family member participation (Figure 2B). In eastern Viti Levu, only
12% of farmers relied on hired labour (Figure 2B), possibly reflecting smaller land area per farm under
tomato cultivation (Table 2).

Value chains that employed more frequent harvesting (two or more harvesting cycles per week),
had significantly lower postharvest loss compared to those chains that only harvested once a week
(Table 5). This response was consistent for Sigatoka Valley and eastern Viti Levu tomato farmers.
Farmers in eastern Viti Levu tended to harvest slightly more frequently (60% of farms harvesting at
least two to three times per week), whereas Sigatoka farms tended to harvest weekly (51%) (Figure 2C).
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Table 5. Mean percent postharvest loss z associated with current postharvest handling practice for
Sigatoka Valley and Eastern Viti Levu tomato value chains.

Harvesting and
Postharvest Practice

Variable
Mean Percent Postharvest Loss Per Location z

Sigatoka Valley Eastern Viti Levu

Time of harvest

Early morning (before 7 am) 30.2 b 31.4 b
Morning 21.2 c 21.5 c
Mid-day 28.6 b 28.4 b

Afternoon (after 2 pm) 29.3 b 32.5 a

Person harvesting Farmer only 20.1 f 25.1 e
Hired-labour 30.6 b 36.2 a

Farmer and family labour 26.0 d 28.8 c

Number of harvests per
week 1 harvest per week 9.3 a 10.7 a

2 harvests per week 7.0 b 7.8 b
3 harvests per week 4.9 b 6.2 b

Mean time from
harvesting to transport

to the packing shed
1 h 18.7 d 19.0 d

2 h 19.9 d 21.9 d
3 h 22.5 cd 21.9 d
4 h 26.8 bc 23.9 c
5 h 29.0 bc 32.8 b
≥6 h 32.8 b 37.2 a

Sorting undertaken prior
to on-farm storage Yes 22.2 c 26.0 c

No 30.6 b 34.7 a

Frequency of sorting
undertaken during

on-farm storage/ripening
Daily 23.3 c 21.5 c

Every second day 27.2 b 26.7 b
Every third day 32.8 a 33.6 a

On-farm packing or
storage shed design Open shed (no side walls) 30.2 b 34.6 a

Enclosed shed 20.8 c 22.2 c
z Mean postharvest loss was determined by farmer recall based on 115 farmers surveyed. Means with different
letters in rows (variable) and columns (location) within harvesting and postharvest practice were significantly
different (p < 0.05) using Levene’s test for equality of variances.

The longer the harvested crop was held in-field prior to being transported to the farm shed or
farmhouse, the higher the postharvest loss (Table 5). There was no significant difference in the amount
of postharvest loss observed in value chains that harvested and transported product between 1 and 3 h,
in either Sigatoka Valley or eastern Viti Levu farms. Value chains where harvested product was held in
the field for 4 h had significantly greater postharvest loss (26.8% and 23.9%) compared to chains where
product was held in the field for 1 h (18.7% and 19.0%), in the Sigatoka Valley and eastern Viti Levu,
respectively. Value chains where product was stored in-field for ≥6 h had 32.8% and 37.2% postharvest
loss, in the Sigatoka Valley and eastern Viti Levu, respectively. Eastern Viti Leu value chains with
prolonged in-field storage (≥6 h) had 37.2% loss compared to 19% loss when harvested product was
transport within 1 h. Delayed in-field storage was common practice with 45% and 46% of Sigatoka
Valley and eastern Viti Levu farmers storing product in-field for 5 or more hours (Figure 2D).
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Figure 2. The percentage of Fijian tomato farmers (value chains) in the Sigatoka Valley and Eastern Viti
Levu, according to specific harvesting practices used. (A) Time of day that the crop was harvested.
(B) The person who undertook the harvesting of the crop. (C) The frequency the crop was harvested
per week. (D) The time between when the product (tomato) was harvested and when it arrived at the
on-farm packing site (i.e., the delay in transporting the product from field to the farm packing shed or
similar on-farm infrastructure to be ripened).

Once product was transported to the farm shed or farmhouse, most value chains (Sigatoka Valley
and eastern Viti Levu) undertook some form of pre-storage sorting to remove damaged or poor-quality
product (Figure 3A). Value chains that sorted product prior to storage and on-farm ripening had
22% to 26% loss, whereas those chains that did not have significantly higher loss (30.6% to 34.7%,
in Sigatoka Valley and eastern Viti Levu, respectively) (Table 5). Most Sigatoka Valley farms (50%)
further sorted every 2 days during storage, whereas eastern Viti Levu farms tended to sort every
three days (44%) (Figure 3B). Value chains that sorted product more frequently had significantly less
overall postharvest loss (Table 5). Sigatoka Valley farms that sorted daily had 23.3% loss, compared to
those that sort every three days which had 32.8% loss. A similar trend was observed in eastern Viti
Levu farms, with value chains undertaking daily sorting during on-farm storage having 21.5% loss
compared to 33.6% loss when sorted every three days (Table 5). Observations during on farm storage
and ripening of tomato in the Sigatoka Valley, noted extensive postharvest rots possibly due to poor
temperature management. More frequent sorting possibly lessened loss due to avoiding fruit-to-fruit
pathogenic cross-contamination.
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Figure 3. The percentage of Fijian tomato farmers (value chains) in the Sigatoka Valley and Eastern
Viti Levu, that employed specific on-farm sorting and grading practice. (A) Farmers that sorted (i.e.,
removed poor quality or damage product) before on-farm ripening/storage verses farmers that did
not pre-sort prior to ripening/storage. (B) The frequency of stored product sorting during the on-farm
ripening period.

The type and nature of farm infrastructure used to store tomato during ripening, sorting and
packing had a significant effect on postharvest loss. Value chains that used open-sheds (no side walls)
had 30.2% to 34.6% loss compared to those chains that used closed and protected sheds, 20.8% to 22.2%
loss, in Sigatoka Valley and eastern Viti Levu, respectively (Table 5).

On-farm storage was undertaken to pre-ripen the product before transport to the market. Fijian
tomato farmers commonly harvest tomato hard-green to reduce the perceived risk of in-field damage
due to pests and disease, with market vendors also selectively purchasing pre-ripened fruit due
to limited in-market storage capacity. On-farm storage time is, therefore, highly dependent on the
ripening practice, market demand and access to transport. In most of the value chains, product was
stored on-farm for 7 days (46% of Sigatoka Valley and 28% of eastern Viti Levu farms) (Figure 4).Horticulturae 2019, 5, x FOR PEER REVIEW 10 of 14 
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Figure 4. Number of days that product was held on-farm to ripen prior to transport to market, for
smallholder tomato farmers in the Sigatoka Valley and Eastern Viti Levu, Fiji.

4. Discussion

On-farm postharvest loss for Fijian smallholder farmer tomato value chains was between 26.1% to
27.6%. This finding is consistent with quantification of postharvest loss in Fijian tomato chains by the
direct determination method [5]. This would imply that Fijian smallholder farmers are aware of the
extent of their postharvest loss but possibly not the specific determinants, or they lack the physical
capacity or economic incentives to remediate against loss. Recent work to quantify smallholder farmer
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tomato value chain loss in Sub-Saharan Africa [7,27–29], would suggest this amount of loss was
comparatively high, especially given that the current study only included on the farm-component
of the value chain, with further loss likely following transport and in-market storage. One notable
difference between Fijian tomato value chains and those reported from Sub-Saharan Africa was that the
Fijian smallholder tomato chains were almost exclusively oriented towards supplying fresh-product,
with little evidence of commercial-scale processing or value-adding [7,19,29]. Limited local processing
options effectively negates the capacity of Fijian tomato farmers to redirect second-grade product or
surplus supply volumes, elevating the potential risk of postharvest loss.

There were notable differences in the socio-demographics and on-farm practices between and
within the Sigatoka Valley and eastern Viti Levu value chains. Smallholder tomato farmers from
the eastern Viti Levu region tended to be older, were a more male-dominated cohort, had a smaller
household size, had less farming experience, were less likely to use hired labour, and more likely to be
reliant on crown land compared to tomato farmers in the Sigatoka Valley. Uncertainties experienced
by both Sigatoka Valley and eastern Viti Levu farmers in securing land access possibly impeded their
capacity or willingness to investment in infrastructure to improve on-farm storage or handling. While
farms in Sigatoka and the eastern Viti Levu were of a similar size (1.8 to 2.1 ha), the average area
under tomato production was less in eastern Viti Levu (0.4 ha) compared to (0.8 ha) in the Sigatoka
Valley. This may partially explain the greater reliance on hired labour in the Sigatoka Valley farms
and the prevalence of slightly more frequent harvesting by eastern Viti Levu farmers. In spite of these
differences, mean postharvest loss for Sigatoka Valley versus eastern Viti Levu tomato value chains
were relatively similar, but with a slightly higher loss in eastern Viti Levu.

Postharvest handling practices adopted by smallholder farmers had a significant effect on
postharvest loss within the value chain. Those value chains associated with farms that only harvested
once a week, or in the early morning or mid-day onwards, stored harvest product in field for more than
three hours, did not sort or grade prior to on-farm ripening, or used packing sheds that had relatively
open designs consistently had significantly higher levels of postharvest loss. These findings are
consistent with postharvest studies of smallholder tomato farmer practice elsewhere [7]. Interestingly,
value chains that used hired labour to harvest the crop had higher levels of postharvest loss. While
this may reflect potential differences in the level of care and attention taken during harvesting, it might
also reflect differences in the volume of crop harvested. Intuitively, value chains based on farmer-only
harvesting are likely to be associated with smaller crop volumes, which may be more easily harvested
and transported, whereas larger crop volumes with more complex harvesting issues are more likely
to necessitate additional labor inputs. During field visitations it was observed that the majority of
hired-pickers used by Fijian tomato value chains were females. A recent comparative gender-based
study of smallholder tomato farmers in Nigeria indicated a significant correlation between female
participation in harvesting and elevated postharvest loss [27]. While this study attributed this finding
to female farmers taking longer to harvest the crop, the proposed relationship between harvesting time
and elevated loss was not explained. The potential for possible gender-based factors within the value
chain were not explored in this study, but might be an interesting area of future study especially in the
context of behavioral drivers underpinning postharvest handling decision making and practice.

The determinants of postharvest loss identified in this study were consistent with smallholder
farmer or small-scale value chain studies elsewhere [7,11,27,30–32]. While there is no doubt the
introduction of locally-appropriate postharvest handling infrastructure and equipment would reduce
postharvest loss, such interventions can be economically impractical for many Fijian smallholder
farmers. Lower-cost interventions, such as the possible introduction of chemical-based strategies aimed
at reducing the incidence of postharvest diseases, would be beneficial [5], but need to be considered in
the context of wider concerns of excessive agricultural chemical usage in Fiji [33] and smallholder farmer
safety [34]. In seeking to improve tomato chain practice in Zimbabwe, Macheka et al. [7] segregated
postharvest loss determinations into several categories: context characteristics (i.e., production system
and postharvest infrastructure), quality control activities (i.e., postharvest handling practices) and
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logistic control activity (i.e., the volume of supply), and proposed that remediation of low-intensity
small-holder farmer chains should first focus on quality and logistical control interventions that are
low or nil cost, and independent of the need for postharvest chemical treatments. With most Fijian
tomato value chains demonstrating poor postharvest temperature management, improving on-farm
postharvest temperature practices should be a priority. Interventions based on avoiding excessive field
heat due to prolonged in-field storage after harvest [35], combined with harvesting in the morning,
would be likely to reduce on-farm tomato postharvest loss in Fiji significantly. However, a limited
awareness of good postharvest temperature management amongst Fijian farmers is also likely to
impede practice change. For example, some smallholder farmers stored tomato in the full sun as
a strategy to shorten the on-farm ripening time (i.e., especially in the early season when prices are
atypically high). Moreover, potentially poor information channels between municipal market vendors
and smallholder farmers may also result in farmers being unaware of the down-stream consequences
of poor on-farm postharvest temperature management.

While evidence of best practices clearly exists in some Fijian tomato value chains, most chains
employed comparatively poor quality-control activities. The reasons for this disparity, especially
when many of the identified quality control strategies were likely to involve low or nil costs, are
unclear. For example, why is it that 22% of Viti Levu value chains decided or were able to limit in-field
product storage to 2 h with 21% resultant loss, whereas 23% of farmers in the same location stored
product in the field for ≥6 h resulting in 37% loss? It is possible that given the comparatively small
individual farm area under tomato production, farms were likely producing a range of crops creating
conflicting agronomic or postharvest value-chain constraints. Similarly, potential disincentives within
the value chain associated with farmers progressively disengaging from the industry due to age-based
demographics, limited or insecure land access, difficulties in accessing farm labor, and poor or variable
market price, might have created a situation whereby informed decision-making necessitated poor
postharvest practices or impeded postharvest handling remediation. Disaggregating the drivers
of poor postharvest handling practice remains a key challenge to developing effective smallholder
postharvest handling remediation in the South Pacific. Effective postharvest remediation strategies
need to be based on a clear understanding of which practices are based on informed commercial
decision making (and, therefore, necessitate wider market reform to resolve), or reflect an absence
of appropriate infrastructure, labour resources or transport logistics, or are simply due to a limited
awareness of the potential adverse down-stream impacts.

While this current study highlighted the likely impact of on-farm postharvest handling practices
on tomato value chain loss, and in doing so improves our understanding of the importance of
possible on-farm contributors, what remains unclear are the underlying drivers associated with
current postharvest handling behaviour and decision-making that shaped these quality and logistic
control activities.

5. Conclusions

Farmers were aware of the extent of their postharvest product loss on-farm, but possibly unclear
of the specific contributing factors and/or lacked the physical capacity or economic incentives to
remediate against this loss. When value chains were segregated according to specific postharvest
handling practices, the contributors to postharvest loss were often behavioral or decision-based.
In seeking to remediate postharvest loss within Fijian tomato value chains, a better appreciation of
the drivers underpinning current postharvest handling decision making and attitudes of smallholder
Fijian farmers is now required.

Author Contributions: Conceptualization, S.K., and S.J.R.U.; methodology, S.K.; investigation, S.K.; statistical
analysis; writing—original draft preparation, S.J.R.U. and S.K.; writing—review and editing, S.J.R.U. and S.K.;
supervision, S.J.R.U.

Funding: This research was funded by the Australian Centre for International Research Grant number AGB2008.44
in collaboration with the University of the South Pacific.



Horticulturae 2019, 5, 74 13 of 14

Acknowledgments: We would like to express our sincere appreciation for the invaluable assistance and support
provided by Sunil Kumar from the University of the South Pacific, Rhiannon Underhill for a preliminary manuscript
review, and the numerous Fijian smallholder farmers who provided their time and input in support of this study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Choudhury, M.L. Recent developments in reducing postharvest losses in the Asia-Pacific region. In Postharvest
Management of Fruit and Vegetables in the Asia-Pacific Region; Rolle, R., Ed.; Asian Productivity Organization:
Tokyo, Japan, 2006; pp. 15–22. ISBN 92-833-7051-1.

2. Weinberger, K.M.; Easdown, W.J.; Yang, R.Y.; Keatinge, J.D.H. Food crisis in the Asia-Pacific region. Asia Pac.
J. Clin. Nutr. 2009, 18, 507–515. [PubMed]

3. Underhill, S.J.R. Improving the effectiveness of small-holder farm postharvest practices in Fiji. Acta Hort.
2012, 1011, 41–48. [CrossRef]

4. Underhill, S.J.R.; Kumar, S. Quantifying horticulture postharvest wastage in three municipal fruit and
vegetable markets in Fiji. Int. J. Post. Technol. Innov. 2014, 4, 251–261. [CrossRef]

5. Underhill, S.J.R.; Kumar, S. Quantifying postharvest losses along a commercial tomato supply chain in Fiji.
J. Appl. Hort. 2015, 17, 199–204.

6. Underhill, S.J.R.; Kumar, S. Postharvest handling of tropical fruit in the South Pacific. Fiji Agric. J. 2017, 57,
19–26.

7. Macheka, L.; Spelt, E.J.; Bakker, E.J.; van der Vorst, J.G.; Luning, P.A. Identification of determinants of
postharvest losses in Zimbabwean tomato supply chains as basis for dedicated interventions. Food Control
2018, 87, 135–144. [CrossRef]

8. Underhill, S.J.R.; Zhou, Y.; Sherzad, S.; Singh-Peterson, L.; Tagoai, S.M. Horticultural postharvest loss in
municipal fruit and vegetable markets in Samoa. Food Secur. 2017, 9, 1373–1383. [CrossRef]

9. Underhill, S.J.R.; Joshua, L.; Zhou, Y. A preliminary assessment of horticultural postharvest market loss in
the Solomon Islands. Horticulturae 2019, 5, 5. [CrossRef]

10. Kitinoja, L.; Kader, A.A. Measuring Postharvest Losses of Fresh Fruits and Vegetables in Developing
Countries. The Postharvest Education Foundation White Paper 15-02. 2015. Available online: http:
//www.postharvest.org/PEF_White_Paper_15-02_PHFVmeasurement.pdf (accessed on 21 April 2019).

11. Kumar, V. Fiji. In Postharvest Management of Fruit and Vegetables in the Asia-Pacific Region; Rolle, R., Ed.; Asian
Productivity Organization: Tokyo, Japan, 2006; pp. 123–130. ISBN 92-833-7051-1.

12. Kitinoja, L.; Saran, S.; Roy, S.K.; Kader, A.A. Postharvest technology for developing countries: Challenges
and opportunities in research, outreach and advocacy. J. Sci. Food Agric. 2011, 91, 597–603. [CrossRef]

13. Cocker, E. Postharvest handling status and problems of the Pacific Island countries. In Quality Assurance
in Agricultural Produce; Johnson, G.I., Van To, L., Duy Duc, N., Webb, M.C., Eds.; ACIAR Proceedings 100:
Canberra, Australia, 2000; pp. 57–59.

14. Rolle, R.S. Improving postharvest management and marketing in the Asia-Pacific region: Issues and
challenges. In Postharvest Management of Fruit and Vegetables in the Asia-Pacific Region; Rolle, R., Ed.; Asian
Productivity Organization: Tokyo, Japan, 2006; pp. 23–30. ISBN 92-833-7051-1.

15. Tibagonzeka, J.E.; Akumu, G.; Kiyimba, F.; Atukwase, A.; Wambete, J.; Bbemba, J.; Muyonga, J.H. Post-harvest
handling practice and losses for legumes and starchy staples in Uganda. Agric. Sci. 2018, 9, 141–156.
[CrossRef]

16. Cave, D. Digital Islands: How the Pacific’s ICT Revolution Is Transforming the Region. Lowy Institute for
International Policy. Available online: https://www.files.ethz.ch/isn/155343/cave_digital_islands_web.pdf
(accessed on 11 February 2019).

17. Meese, J.; Chan Mow, I. The regulatory jewel of the South Pacific: Samoa’s decade of telecommunications
reform. Mob. Media Commum. 2016, 4, 295–309. [CrossRef]

18. Salvioni, C.; Serpagli, A. How to make money by feeding the tourists: The case of Fiji. In Proceedings of the
105th EAAE Seminar ‘International Marketing and International Trade of Quality Food Products’, Bologna,
Italy, 8–10 March 2007; pp. 157–170.

http://www.ncbi.nlm.nih.gov/pubmed/19965340
http://dx.doi.org/10.17660/ActaHortic.2013.1011.3
http://dx.doi.org/10.1504/IJPTI.2014.068740
http://dx.doi.org/10.1016/j.foodcont.2017.12.017
http://dx.doi.org/10.1007/s12571-017-0734-7
http://dx.doi.org/10.3390/horticulturae5010005
http://www.postharvest.org/PEF_White_Paper_15-02_PHFVmeasurement.pdf
http://www.postharvest.org/PEF_White_Paper_15-02_PHFVmeasurement.pdf
http://dx.doi.org/10.1002/jsfa.4295
http://dx.doi.org/10.4236/as.2018.91011
https://www.files.ethz.ch/isn/155343/cave_digital_islands_web.pdf
http://dx.doi.org/10.1177/2050157916629707


Horticulturae 2019, 5, 74 14 of 14

19. Fink, A.; Neave, S.; Hickes, A.; Wang, J.F. Vegetable Production, Postharvest Handling and Marketing
in Fiji. 2013. Available online: http://203.64.245.61/fulltext_pdf/EB/2011-2015/eb0204.pdf (accessed on
11 February 2019).

20. Veit, R. Assessing the viability of collection centres for fruit and vegetables in Fiji: A Value Chain Approach.
In All ACP Agricultural Commodities Programme; FAO: Rome, Italy, 2009; Volume 7, pp. 1–117.

21. Ministry of Agriculture, Fiji. Agricultural Production. Available online: http://www.agriculture.gov.fj/index.
php/market-info (accessed on 5 February 2019).

22. Ministry of Agriculture. Fiji National Agricultural Census Report; Government Printer: Suva, Fiji, 2009;
pp. 1–389.

23. LaGra, J.A. Commodity System Assessment Methodology for Problem and Project Identification.
Available online: https://books.google.com.au/books?hl=en&lr=&id=2PMOAQAAIAAJ&oi=fnd&pg=

PR2&ots=C0nMEGFjCT&sig=BeoOob94SBwpJo0LEKQsIU2Nlz8#v=onepage&q&f=false-10 (accessed on
12 Februray 2019).

24. Komen, J.J.; Mutoko, C.; Wanyama, J.; Rono, S.; Mose, L. Economics of postharvest maize grain losses in Trans
Nzoia and Uasin Gishu districts of Northwest Kenya. In Proceedings of the 10th KARI Biennial Scientific
Conference, Nairobi, Kenya, 12–17 November 2006; pp. 1228–1233.

25. Bala, B.; Haque, M.; Hossain, A.; Majumdar, S. Post Harvest Loss and Technical Efficiency of Rice, Wheat and
Maize Production System: Assessment and Measures for Strengthening Food Security; Final Report; Bangladesh
Agricultural University: Mymensingh, Bangladesh, 2010.

26. Chandra, S. Monoculture, mixed cropping and rotations: Implications for Fiji agriculture. Fiji Agric. J. 1978,
40, 63–70.

27. Aidoo, R.; Danfoku, R.A.; Mensah, J.O. Determinants of postharvest losses in tomato production in the
Offinso Nortn district of Ghana. J. Dev. Agric. Econ. 2014, 6, 338–344.

28. Alidu, A.; Ali, E.B.; Aminu, H. Determinants of post-harvest losses among tomato farmers in the Navrongo
municipality in the Upper East region. J. Biol. Agric. Health 2016, 6, 14–20.

29. Arah, I.K.; Kumah, E.K.; Anku, E.K.; Amaglo, H. An overview of post-harvest losses in tomato production in
Africa: Causes and possible prevention strategies. J. Biol. Agric. Health 2015, 5, 78–88.

30. Adepoju, A.O. Post-harvest losses and welfare of tomato farmers in Ogbomosho, Osun state, Nigeria. J. Stored
Prod. Post. Res. 2014, 5, 8–13.

31. Musasa, S.T.; Mvumi, B.M.; Manditsera, F.A.; Chinhanga, J.; Musiyandaka, S.; Chigwedere, C. Postharvest
orange losses and small-scale farmers’ perceptions on the loss causes in the fruit value chain: A case study of
Rusitu Valley, Zimbabwe. Food Sci. Qual. Man. 2013, 18, 1–8.

32. Mandisvika, G.; Chirisa, I.; Bandauko, E. Post-harvest issues: Rethinking technology for value-addition in
food security and food sovereignty in Zim-babwe. Adv. Food Technol. Nutr. Sci. Open J. 2015, SE, 29–37.
[CrossRef]

33. Singh, I.R.; Goswami, S.N.R. Assessment of water quality of river Navua, Fiji for irrigation purpose. Asian J.
Soil Sci. 2017, 12, 187–190. [CrossRef]

34. Litchfield, M.H. Estimates of acute pesticide poisoning in agricultural workers in less developed countries.
Toxicol. Rev. 2005, 24, 271–278. [CrossRef]

35. Underhill, S.J.R.; Zhou, Y.; Kumar, S. Infrared Thermal Imaging: A practical educational tool to improve
smallholder farmer postharvest practice in Fiji. J. Agric. Food Inf. 2017, 18, 75–78. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://203.64.245.61/fulltext_pdf/EB/2011-2015/eb0204.pdf
http://www.agriculture.gov.fj/index.php/market-info
http://www.agriculture.gov.fj/index.php/market-info
https://books.google.com.au/books?hl=en&lr=&id=2PMOAQAAIAAJ&oi=fnd&pg=PR2&ots=C0nMEGFjCT&sig=BeoOob94SBwpJo0LEKQsIU2Nlz8#v=onepage&q&f=false-10
https://books.google.com.au/books?hl=en&lr=&id=2PMOAQAAIAAJ&oi=fnd&pg=PR2&ots=C0nMEGFjCT&sig=BeoOob94SBwpJo0LEKQsIU2Nlz8#v=onepage&q&f=false-10
http://dx.doi.org/10.17140/AFTNSOJ-SE-1-105
http://dx.doi.org/10.15740/HAS/AJSS/12.1/187-190
http://dx.doi.org/10.2165/00139709-200524040-00006
http://dx.doi.org/10.1080/10496505.2016.1275647
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Location 
	Survey Design 
	Data Collection 
	Data Analysis 

	Results 
	Farmer Socio-Demographics and Land Access 
	On-Farm Postharvest Infrastructure 
	Loss During On-Farm Postharvest Handling Practice 
	Postharvest Loss Associated with Specific Types of Postharvest Handling Practice 

	Discussion 
	Conclusions 
	References

