Food Sec. (2017) 9:1373–1383
https://doi.org/10.1007/s12571-017-0734-7

ORIGINAL PAPER

Horticultural postharvest loss in municipal fruit and vegetable
markets in Samoa
Steven J. R. Underhill 1 & Yuchan Zhou 1 & Shukrullah Sherzad 2 & Lila Singh-Peterson 1 &
Semua Militini Tagoai 3

Received: 2 March 2017 / Accepted: 24 October 2017 / Published online: 27 November 2017
# Springer Science+Business Media B.V. and International Society for Plant Pathology 2017

Abstract Reducing horticultural postharvest loss is a priority
in Samoa, due to declining agricultural productivity and wider
dietary-based health concerns within the human population.
Efforts to remediate loss is currently impeded by little information about the current levels of horticultural loss in Samoa
or the factors contributing to this loss. In this study we quantified commercial postharvest loss of 23 horticultural crops at
the Fugalei central municipal market on the Island of Upolu,
Samoa, using direct weighing. Mean postharvest loss was
further determined in all six municipal, community and private fruit and vegetable markets on the Samoan Islands of
Upolu and Savai’i using vendor and farmer-trader surveys.
Postharvest horticultural loss in the Fugalei municipal market
was 6.2% (determined by weight) and 13.3% (based on vendor recall). There was no significant difference between mean
postharvest loss in fruits compared to vegetables. The highest
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level of daily postharvest loss (5% to 22%) was observed for
soursop, papaya, Tahitian lime, mustard cabbage and choko.
Negligible loss (<1%) was observed in limes, vi (Spondias
dulcis), eggplant, long bean, soa’a (plantains), lemon, cherry
tomato, cucumber, pumpkin and ginger. The level of postharvest loss varied across the municipal, village and road-side
markets surveyed, with higher losses in non-urban markets.
There was no difference in the level of postharvest loss between any of the three urban markets in the Apia region. With
most horticultural production located less than 20 km from the
municipal market and little evidence of in-transit damage,
transport logistics were unlikely to be an important contributor
to loss. We believe low or sporadic consumer purchasing behaviour resulting in protracted market storage at high tropical
ambient temperatures was the central contributor to observed
losses. The potential importance of low consumer purchasing
activity and the proportion of commercial vendor to transient
farmer-trader in each of the markets is discussed in terms of
being possible contributing factors to the resulting levels of
postharvest loss and market variability.
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1 Introduction
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Postharvest horticulture loss in less-developed transitional
economies has received increasing attention in recent years
from the perspective of benefits to food and nutritional security, and development of rural livelihoods (Kader 2004; Parfitt
et al. 2010; Hodges et al. 2011; Kitinoja et al. 2011; Kitinoja
2013; Mohammed 2014; Affognon et al. 2015). In seeking to
quantify and remediate postharvest loss, much of the current
academic literature has focussed on sub-Saharan Africa and
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the Asian region (Weinberger et al. 2008; Kitinoja and
AlHassan 2010; Mashau et al. 2012; Oelofse and Nahman
2013; Kaminski and Christiaensen 2014). The combination
of high levels of horticultural loss and social disadvantage that
can translate into significant population impact, justifies such
attention (Mwaniki 2006; Brown et al. 2009).
In comparison, very few studies have documented postharvest loss in the South Pacific. Pacific horticultural value chains
are predominantly structured around smallholder and semisubsistence farmers employing low-intensity production systems. Postharvest handling infrastructure is commonly inadequate, with farmers and market vendors often constrained by
limited postharvest capacity and knowledge (Veit 2009; Fink
et al. 2013; Underhill 2013; Underhill and Kumar 2015). It is
not surprising then, that postharvest loss is considered to be
too high (Cocker 2000; Veit 2009; Lazar-Baker et al. 2011). In
one of the few recent studies undertaken in the South Pacific
region, postharvest loss in municipal markets in Fiji was
shown to be between 2.5% and 10% (Underhill and Kumar
2014). Comparatively low postharvest loss in this study was
attributed to short intra-island transport distance coupled with
rapid market throughput. Given no comparable studies elsewhere in the region, it is unclear whether such losses and
associated contributors are atypical or representative of the
wider Pacific region.
Postharvest loss is of particular importance in Pacific
Polynesia Island nations such as Samoa. High rates of noncommunicable diseases (NCD) that are symptomatic of transient dietary patterns away from the consumption of fresh fruit
and vegetables (Seiden et al. 2012; Ichiho et al. 2013), declining smallholder participation in agriculture (Samoa Bureau of
Statistics 2009), and a greater reliance on food imports
(McGregor et al. 2009), have collectively focussed attention
on the need to improve horticultural productivity and postharvest handling efficiency. The South Pacific region now has
one of the highest rates of obesity and diabetes in the world,
with NCDs accounting for more that 70% of all deaths in the
region (Tuitama et al. 2014; Hawley and McGarvey 2015). In
an attempt to revitalise the horticultural industry and achieve
pro-health outcomes, the Samoan Government launched the
Fruit and Vegetables Development Strategy for Samoa in
2009. Reducing postharvest loss was identified as a core priority. The lack of information as to the extent of current commercial horticultural postharvest loss in Samoa, where along
the value chain the loss is occurring, and the key contributory
factors to postharvest loss in Samoa have impeded efforts to
improve postharvest handling systems.
In this study, we sought to quantify postharvest loss for a
range of domestically grown fruit and vegetable crops at the
main central municipal market in Apia, Samoa. A wider
survey-based assessment of postharvest loss for all of the fruit
and vegetable markets on the Islands of Upolu and Savai’i was
further undertaken to assess any spatial variability and to
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validate postharvest loss. The potential influence of transport
conditions, packaging and market storage as possible contributors to postharvest loss were also examined.

2 Methodology
2.1 Direct weighing of postharvest loss in Fugalei market
Postharvest loss of fruits and vegetables in the Fugalei municipal markets in Apia, Upolu Island, Samoa was determined
using the direct weighing method as previously reported by
Underhill and Kumar (2014, 2015). While this study preceded
the release of the Food Loss and Waste (FLW) Protocol
(2016), this method was also consistent with key elements of
the FLW standard pertaining to the quantification of food
losses. A total of 18 commercial market vendors were
assessed. Sampling was undertaken in February and
March 2015 to ensure the inclusion of seasonal fruit crops in
the study and validated with further sampling in May 2015.
Postharvest loss was defined as the percent of product removed from the municipal market component of the commercial supply chain. While on-farm harvesting loss was not directly assessed, most horticultural product in Samoa is packed
in-field, with sorting and grading only occurring once
the product arrives at the markets. As such, municipal market
loss reported in this study also includes transport loss and
potentially on-farm loss. Fruit and vegetable postharvest loss
was determined by first measuring the weight (g) of all product for sale at the commencement of each trading day per
vendor and per commodity type, using a 5-kg commercialbalance calibrated hourly. Plastic bins were then provided to
each market vendor to retain potential postharvest loss incurred during the day due to sorting and grading of product
on arrival, trimmings, and market display and storage. Prior to
the commencement of each trading day, commercial loss from
the previous day was segregated accordingly to crop, individually weighed, and the loss was calculated as a percent of
initial consignment weight (expressed as daily postharvest
loss). The risk of sampling error due to postharvest loss being
otherwise disposed by the vendor, was determined in discussions with each vendor on a daily basis. Where there was any
uncertainty, data were not included. Mean daily postharvest
loss was calculated on the basis of the mean consignment loss
per crop relative to the number of vendor trading days that the
product was observed for sale. This study did not assess postmunicipal market loss due to consumer waste or the destination of loss (i.e. product that was commercially harvested but
not transported to the municipal market, or the end-destination
for product removed from the market).
The Fugalei market was selected as the study site because it
is the largest and most important municipal fruit and vegetable
market in Samoa. As each vendor had up to ten types of fruits
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or vegetables for sale at any given time, vendor loss was
segregated per crop and mean crop-specific losses also determined. Due to low frequency trading of some crops (product
being sold by a single vendor or only traded on a limited
number of days) postharvest loss is only reported for the 23
most-traded commodities. In total, this study involved 41
vendors-trading days (number of vendors sampled x number
of days when sampling undertaken) with a total of 3166 kg of
product assessed.
2.2 Survey of vendor postharvest loss
A survey of vendor postharvest loss was conducted in all of
the municipal and private fruit and vegetable markets in
Samoa. A total of 58 market vendors and farmer-traders from
the Fugalei municipal market (33), Taufusi private market
(10), Vaitele markets (8), Afega village market (5),
Saleimona road-side market (2), and the Salelologa municipal
markets (8), were interviewed to determine postharvest loss
per vendor, and to identify those crops with the highest perceived net loss. While this study preceded the release of the
FLW Protocol (2016), the survey method used was consistent
with key elements of the standard pertaining to food loss surveys. Interviews were informal and undertaken in local
Gagana Samoa language, interviewer-administered, and involved vendor recall of horticultural market loss specific to
their own enterprise. The Fugaeli, Taufusi, Vaitele, Afega and
Saleimona markets are located on the main island of Upolu.
The Salelologa municipal market is the sole fruit and vegetable market on the island of Savai’i (approximately 22 km from
Upolu). The Fugaeli, Taufusi and Vaitele markets were all
located within the greater Apia region and represent urban
markets. Given the absence of wholesale fruit and vegetable
markets in Samoa, all the markets surveyed were retail markets. The close proximity island of American Samoa was not
included in this study. The 58 vendors and farmer-traders
interviewed represented at least 90% of the vendors and
traders present at the time of sampling. This study did not
include self-service roadside stalls which are commonly observed on the island of Savai’i, or commercial retail shops that
also sell fresh fruits and vegetables.
2.3 Postharvest supply chain factors
Product storage conditions at the Fugalei market were recorded using TinyTag Tansit-2 temperature loggers (Gemini
Dataloggers, United Kingdom) which were placed adjacent
to one of the vendor stalls for the duration of the first market
sampling period (February 2015) with temperature (°C) recorded every two seconds.
The transport distance from farm to the Fugalei market was
measured using Google Earth™ distance calculator.
Production location for each commodity and the mode of
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transport (truck, bus, taxi/car) was determined in discussions
with individual market vendors. Likely transport routes were
identified on the basis of shortest anticipated road path, known
commercial transport routes, and local bus routes. Mean transport distance was calculated to account for multiple source
locations.
2.4 Data and statistical analysis
Analysis of fruit and vegetable (combined) loss on a fresh weight
basis (in kg) was undertaken using one-way analysis of variance
(ANOVA). Analysis of municipal market vendor survey loss was
undertaken using ANOVA followed by Tukey-Kramer multiple
comparison test (with consideration for uneven vendor numbers
between markets). The relationship between weekly postharvest
loss and the time that fruits and vegetables were stored in the
municipal markets was determined using both linear and polynomial regression analysis.

3 Results
Mean daily postharvest horticultural loss at the Fugalei central
municipal market was calculated as 2.3% for vegetables and
2.5% for fruits (Table 1), based on the direct weighing method. There was no significant difference between postharvest
losses in fruits compared to vegetables. The amount of postharvest loss varied between crops. The higher levels of daily
postharvest loss (5% to 22%) were observed for soursop, papaya, Tahitian limes, mustard cabbage, and choko. Negligible
loss, at less than 1% of the daily loss, was observed in limes, vi
(Spondias dulcis), eggplant, long bean, soa’a (plantains), lemon, cherry tomato, cucumber, pumpkin and ginger. No postharvest loss was observed in pumpkin, ginger or Samoan orange (Table 1).
On average, product was stored at the Fugalei municipal market for 2.89 days, with 2.64 days for vegetables
and 3.13 days for fruits (Table 1). Given that there was no
refrigerated storage infrastructure at the Fugalei market
(or in any of the Samoan municipal or village markets),
storage time in the market is indicative of the length of
time taken to sell the product, or for the product to be
removed from sale due to spoilage. Storage time did vary
between crops. The mean storage time for soursop and vi
was 5 days, whereas pak choi, cherry tomato and choko
were held for 1.48, 1.50 and 1.70 days respectively
(Table 1). Perishable or higher-value crops such as leafy
Asian vegetables and cherry tomato tended to be stored
for a shorter time. Fig. 1 shows the percentage of individual consignments subjected to prolonged market storage.
On Monday, all products for sale had been in the market
for 3 days, with up to 33–57% of the product for sale on
successive days having been held in the markets for 4 or
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Table 1 Postharvest loss,
transport distance and storage
time for a range of fruits and
vegetables in the Fugalei
municipal fruit and vegetable
market, Upolu, Samoa

Commodity

Mean daily
postharvest
lossa (%)

Mean time at
municipal
marketb (days)

Mean postharvest
loss (%) (a*b)

Volume
assessed(kg)

Soursop
Papaya

21.8
12.4

5.33
2.13

100
26.4

20.88
208.53

Tahitian lime
Pak choi

8.8
6.8

3.91
1.38

34.2
9.4

43.80
93.50

Mustard cabbage

6.1

2.25

13.6

12.37

Choko
Chinese cabbage

5.1
2.8

1.70
2.25

8.7
6.4

109.71
35.16

Head cabbage
Chili (small)c
Avocado
Pineapple

2.5
2.5

3.5
4.13

8.9
10.4

559.25
5.96

2.2
1.9

3.09
1.94

6.7
3.7

147.57
45.60

Banana (all types)
Lime

1.0
0.6

1.94
3.80

2.0
2.3

125.18
51.96

Vi (Spondias dulcis)
Eggplant

0.5
0.4

5.00
3.36

2.5
1.3

36.89
316.45

Long bean
Soa’a (Incl. Plantains)

0.3
0.3

1.29
2.86

0.4
0.7

108.40
14.52

Lemon
Cherry tomato
Cucumber

0.2
0.01
0.01

2.80
1.50
2.50

0.7
0.02
0.03

84.60
26.47
119.65

Pumpkin
Ginger

0.0
0.0

2.35
4.55

0
0

885.31
23.11

Samoan Orange (navel type)
All vegetables
All fruits

0.0
2.3a
2.5a

3.3
2.64
3.13

0
6.0
7.7

82.49
2272.22
894.33

Total

2.1

2.89

6.2

3166.54

a

Vendor postharvest loss is the mean percent loss per crop, per vendor, per trading day, averaged across three
sampling periods

b

The number trading days across all vendors that a specific consignment was presented for sale

c

Chili (Thai pepper or birds eye chili type) has been included due to the high number of vendors (11) selling the
product
Values followed by the same letter are not significantly different at P < 0.05

Postharvest loss for garlic chives, melon, okra, rambutan, green mango, spring onion, passionfruit, sweet potato
and snake bean was determined but not presented due to low frequency of trading (single vendor or less than 4
vendor trading days)

Table 2 A comparison of vendor postharvest loss at the Fugalei
municipal fruit and vegetable market, Samoa, February verses
March 2015

All vegetables
All vegetables
All fruits
All fruits

Sampling period

Mean daily
postharvest loss (%)

Feb
March
Feb
March

1.4a
2.2a
2.6a
2.2a

Values followed by the same letter are not significant different at P < 0.05

more days. On Friday, 12.7% of product for sale had been
in the market for at least 7 days. While in the Fugalei
municipal market, product was stored at 26.5 to 32°C
(in February) (Fig. 2) and 24 to 27°C (during March and
April – data not shown).
Given extended market storage, commercial postharvest loss is best represented when daily postharvest loss
is combined with the mean number of days that product
was stored in the markets. Accordingly, mean postharvest
loss for vegetables was 6.0% and 7.7% for fruits, with an
overall municipal market loss (for all crops) of 6.2%
(Table 1). The most vulnerable crops to high levels of
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Fig. 1 Percent of individual vegetable and fruit consignments subjected
to prolonged storage (3+ days) at the Fugalei central markets, Samoa.
Note: On Fridays, 21.7% of the assessed consignments presented for
sale in the market had been stored/held in the market for 7 days under
high ambient temperature conditions

commercial postharvest loss were soursop (100%),
Tahitian limes (34.2%) and papaya (26.4%). Leafy vegetables such as pak choi, Chinese cabbage, cabbage and
mustard cabbage had moderate to high levels of postharvest loss (6.4% to 13.6%).
When crops were separated according to high or low
postharvest-loss crops, there was a significant and high correlation between the length of market storage and the amount of
postharvest loss (Fig. 3). In high loss crops, postharvest losses
followed a quadratic polynomial with a dramatic increase after
3 days (Fig. 3a). In low postharvest loss crops, the overall loss
was small (less than 5% loss), it progressed slowly and followed
a linear relationship (Fig. 3b).
Product transport distances from farms to the Fugalei market were short, often less than 20 km (Table 3). While

horticultural product is sourced from across Upolu Island,
most of the horticultural production is located close to the fruit
and vegetable markets. The Aleisa region, where most
commercial-scale farms are located, is less than 15 km from
the Fugalei municipal market. Longer transportation distances
(up to 52 km) were limited to taro and taro leaf sourced from
remote villages in the south-east and south-west regions of
Upolu.
The most common reason for product being removed from
commercial sale was due to postharvest disease or being overripe (Table 3). In leafy vegetable crops, loss was associated
with daily trimming of the leaves, rather than net crop loss. A
large single consignment of choko allowed for a more detailed
segregation of the underlying contributors, with most loss due
to on-farm damage (insect damage 65%; appearance 7%, and
size/physical damage 10%) symptomatic of limited on-farm
sorting and grading.
Plastic packaging was commonly used for small and highvalue crops such as chili, eggplant, pak choi, cherry tomato,
and for avocado and choko, which were sold by the bag
(Table 3). While the use of plastic packing is likely to extend
product shelf-life through a reduction in the rate of dehydration, particularly in leafy crops such as pak choi, that was not
specifically assessed in this study.
To validate postharvest loss, a wider survey of vendor postharvest loss of all the commercial fruit and vegetable markets
in Samoa (on Upolu and Savai’i Islands) is reported in
Table 4. The Taufusi private market had significant lower
levels of loss (10%) compared to the Afega village market
(17%) and Salelologa market (20%). There was no significant
difference in the level of postharvest loss between any of the
three urban markets located in the Apia region; Taufusi (10%),
Vaitele (12.6%) or the Fugalei central markets (13.25%). The
Salelologa market (on Savai’i Island), the only market not
located on Upolu island, had significantly higher levels of

33.00
32.00

Temperature (°C)

Fig. 2 Temperature at the
Fugalei market, Samoa, during
the primary assessment period of
February 2015. Note: The
temperature profile below is the
ambient air temperature during
the initial 4 days in February 2015
of the sampling period, and
therefore indicative of day-time
market storage conditions. At the
cessation of the trading day
vendors covered their product
with heavy plastic sheets to
protect against theft. This practice
was not assessed and is not
presented above
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4 Discussion
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Fig. 3 Relationship between time in market and weekly postharvest loss
for fruits and vegetables in Samoa (a) High postharvest loss crops using
quadratic polynomial (b) Low postharvest loss crops using linear
regression

postharvest loss compared to all other markets, with the exception the Afega village market.
Comparing the two assessment methods, vendor perception of postharvest loss at the Fugalei market was slightly
higher (13.3%) (Table 4) than loss determined by direct
weighing (6.2%) (Table 1). Across all markets, vendors consistently identified banana, papaya and avocado as the most
likely crops to incur high levels of postharvest loss. While this
was consistent with high levels of postharvest loss quantified
in papaya (26.4%), we found relatively low levels of postharvest loss in banana (2.0%), and moderate loss in avocado
(6.7%).
The proportion of commercial market vendors to
farmer-traders in each market is presented in Table 4.
On Upolu Island, markets that were dominated by farmer-traders, such as the Afega village and Saleimona roadside markets, tended to have higher levels of postharvest
loss. This was not the case for the Salelologa market (on
Savai’i Island), which had both high postharvest loss and
high commercial vendor representation.

Postharvest horticultural loss in the Fugalei central municipal market in Samoa was 6.2%. While there was no significant difference in mean daily postharvest loss between
fruit and vegetable crops, more perishable soft-skinned
fruits such as soursop and papaya, and leafy and western
vegetables were the most likely to incur elevated levels of
postharvest loss (Tables 1 and 2). High-value crops such
as ginger, early-season citrus, and cherry tomato, tended
to have lower-levels of postharvest loss. Surprisingly, banana and pineapples, two crops commonly associated
with high levels of postharvest loss (Murthy et al. 2007;
Babalola et al. 2009), incurred comparatively little loss.
While poor agronomic and postharvest handling practices obviously play a role in shaping resultant market
loss in Samoa, we believe that much of the overall level
of postharvest loss observed in the market, as well as
crop-specific differential postharvest loss, was due to
prolonged storage in municipal markets. Municipal market storage conditions involved product being loosely
displayed on benches, covered with thick plastic sheeting
overnight to protect against theft, with excess product
often held in large sacks in the full sun. Intuitively, given
that such handling practices also included the product
held for up to 7 days under high tropical ambient storage
temperatures of up to 32°C, it is logical to assume elevated levels of postharvest losses. When crops were segregated according to high or low postharvest loss, we found
a significant and high correlation between the mean observed postharvest loss in the market and the length of
time that the product was held in the market. In crops
with low levels of postharvest loss this relationship was
linear, with the level of postharvest losses increasing daily. In crops associated with high levels of postharvest
losses, these losses occurred rapidly, increasing after
3 days of storage.
Interestingly, based on observations during the market loss
assessments, there was very little evidence of anticipated vendor
practices to reduce postharvest losses, such as price discounting
or processing, or in-market consumption. Such practices tended
to be limited to a small cohort of the more professional market
vendors in the Taufusi and Fugalei markets, or by vendors selling
commodities such as cabbage that required progressive leaf trimming. Instead, vendors tended to seek to minimize loss by limiting the volume of product sold, only selling highly perishable
crops (such as watercress and rambutan) on high-volume
through-put days such as Saturdays, or not selling the more perishable crops. This latter point possibly explains the notable disparity between high postharvest loss in soursop based on direct
weighing (Table 1), whereas when surveyed very few vendors
indicated a concern with this crop in terms of associated losses
(Table 4).
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Table 3
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Transport distance, storage time and packaging type for a range of fruit and vegetable crops at the Fugalei municipal market, Samoa

Commodity

Mean transport
distance1 (km)

Packing options used

Reason for postharvest loss

Soursop

15.37

Nil

Disease (rots), over-ripe

Papaya
Tahitian lime

15.57
28.33

Nil
LDBP bags

Over-ripe, rots
Rots, over-ripe (yellow)

Pak choi

LDBP open sleeve; nil*

Trimming

Mustard cabbage

Nil
Nil*; LDBP bags

Trimmings, insect damage
Disease (18%), appearance (7%),
size/ physical damage (10%),
insect (65%)

2

Choko

25.15

Chinese cabbage

11.54

Nil

Trimmings (wilting leaves)

Cabbage
Chili

17.42
19.11

Nil
LDBP bags*; nil

Trimmings (wilting leaves)
Disease (rots)

Avocado
Pineapple

14.47
13.06

LDBP bags*; nil
Nil

Over-ripe, disease (rots)
Disease (rots), over-ripe

Banana
Lime
Vi

15.79
14.95
14.83

Nil
LDBP
Nil

Over-ripe, disease (rots)
Disease (rots), over-ripe
Field damage

Eggplant

16.43

LDBP bags*; nil

Disease (rots)

Soa’a
Lemon
Long bean

4.53
15.80
16.31

Nil
Nil*; LDBP bags
Nil* LDBP bags

Over-ripe, disease (rots)
Disease (rots), over-ripe
Desiccated

Cucumber
Cherry tomato

28.33
16.98

Nil; LDBP Bags*
LDBP bags

Over-ripe
–

Pumpkin
Ginger
Taro

12.86
22.14
34.21

Nil
Nil
Nil

–
–
–

Taro leaf

52.23

Nil

–

LDBP (low density biodegradable plastic) bags. Only biodegradable plastic bags can be used in commercial retail in Samoa
*Indicates most common packing used. (−) Indicated nil postharvest low or limited sample volume
1

Mean transport distance is the distance from farm to the Fugalei markets, accounting for multiple source locations and number of consignments

2

There was a large single consignment loss (33.4 kg) allowing for a more detailed assessment of the underlying contributors of postharvest loss

The importance of market storage on postharvest loss
is further highlighted in a recent and comparative study of
losses in the Fiji central municipal market (Underhill and
Kumar 2014). On the basis of mean daily postharvest loss
per crop, there is little difference in the level of loss between horticultural crops in the Fugalei municipal market
to that of the Fiji central municipal market (Underhill and
Kumar 2014). What is notably divergent is the period of
time in which the crops are held in the market prior to
sale. In the central municipal market in Fiji, produce tends
to be sold within 1 to 2 days (Underhill and Kumar 2014),
which is in direct contrast to the prolonged length of storage at the Fugalei market in Samoa. When market storage
is taken into consideration, resultant postharvest loss in
the Fugalei market is more than double that seen in the
Fiji municipal market.

It is difficult to draw meaningful comparisons from studies
in other lesser-developed transient countries located outside of
the South Pacific region, given significant differences in supply chain logistics and market dynamics. While elevated loss
at the wholesale/retail market end of the value chain, and
adverse impact associated with prolonged market storage have
been well documented elsewhere (Idah et al. 2007; Berinyuy
and Fontem 2011; Msogoya and Kimaro 2011), specific levels
of crop loss are highly variable (Prabakar et al. 2005 and
Msogoya and Kimaro 2011).
Protracted municipal market storage is often symptomatic
of supply exceeding demand. In the Pacific, this is normally
associated with short-term and high volume supply of seasonal crops, and as such is transient and crop-specific in nature.
This did not appear to be the case in Fugalei market during the
three sampling periods. Most market vendors only had very
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Table 4 Postharvest loss in all of
the fruit and vegetable markets on
the Islands of Upolu and Savai’i,
Samoa, based on a survey of
vendor recall

Underhill S.J.R. et al.

Fruit and vegetable
market1

Postharvest
loss (%)

High postharvest loss crops

Type of trader in each market
Vendors4%

Farmer
traders5%

Taufusi private market

10 a

Banana, papaya, avocado

100

0

Vaitele municipal market
Fugalei municipal market2
Afega village market
Saleimona roadside market3
Salelologa municipal market

12.6 ab
13.3 abc

Papaya, banana, soursop
Banana, papaya, breadfruit

11
74

89
26

17.0 bcd
17.5

Banana, avocado, pineapple
Banana

0
0

100
100

20.0 df

Banana, papaya, tomato

100

0

All markets

12.5

42

58

Total of 67 vendor and famer-traders across all assessed markets
1

Mean values followed by different letters are significantly different at P < 0.05

2

Fugalei municipal market is the main fruit and vegetable market for Samoa

3

Not included in statistical analysis as this roadside market only had two traders

4

Vendors are individuals that maintain an ongoing and consistent commercial market presence (commercial
market vendors)

5

Farmer traders are individuals who intermittently sell product at the market and are primarily associated with
farm production

small quantities of product for sale, coupled with low overall
vendor occupancy at the markets (around 50% of the available
vendor stalls at the Fugalei markets were not used).
Observations during numerous subsequent visits to the market
noted limited consumer presence and purchasing, especially
during the early part of the week. This would imply that
prolonged market storage might be more a result of consistent
and low intensity of consumer demand, rather than short-term
elevated product supply. The disconnect between supply and
demand in the Fugalei market, leading to high levels of postharvest loss in some crops, may be due to limited consumer
purchasing of fruits and vegetables, reflecting wider NCDfood dietary trends in Samoa based on elevated consumption
rates of highly processed and energy-dense imported food
products.
Transport logistics are not considered to have a major
effect on overall postharvest loss in the Fugalei municipal
market. Much of the horticultural production on the island
of Upolu is grown within 15 km of the market, and even
accounting for remote horticultural production centres,
transport logistics were rarely more than 50 km.
Supporting this view is the apparent lack of physical injuries to the produce, often symptomatic of in-transit damage, observed during postharvest loss assessments.
Contrary to horticultural postharvest supply chains in the
Fiji Islands (Underhill 2013), Papua New Guinea (Chang
and Spriggs 2007), or Southeast Asia (Weinberger et al.
2008), Samoan fruit and vegetable supply chains commonly involve product transported in small quantities on
comparatively well-maintained sealed roads, with
consignment-overloading rarely observed (Underhill

2017). However, we cannot totally exclude transport as
a possible contributor simply on the basis of short transport distance. Traditional root crops such as taro were
commonly sourced from the more remote villages where
there was limited access to commercial transport, necessitating a greater reliance on local commuter buses. This
often had the flow-on effect of farmers needing to harvest
the previous day and then store product over-night onfarm or on the roadside awaiting bus transport the following morning. While transport distance might be relatively
short, future work is required to examine the possible
importance of the mode of transport, particularly in the
more perishable crops and more remote production source
locations.
The importance of product packaging on the level of observed postharvest loss observed in the Fugalei market is unclear. Compared to other Pacific horticultural markets, there
was a greater tendency to use plastic bags and packaging in
Samoan horticultural markets. While the postharvest benefits
of plastic packaging have been well reported (Barmore 1987),
given prolonged and high ambient storage temperatures and
negligible postharvest disease control, such benefits might be
quickly negated through possible elevated incidence of diseases. During the postharvest loss assessment there was no
consistent evidence of reduced losses associated with the use
of plastic packaging. The use of plastic bags by vendors appeared to be more for bulk-packaging rather than any purposeful effort to remediate against postharvest loss. As product is
sold by volume and number, and not by weight in Samoan
markets, there was also no indirect economic benefit associate
with plastic packaging.

Horticultural postharvest loss in municipal fruit and vegetable markets in Samoa

In this study we also sought to determine vendor perceptions of postharvest loss in the Fugalei central market
as well as all of the other fruit and vegetable markets
(municipal, village and road side markets) on the main
island of Upolu and the adjacent island of Savai’i. The
perceived level of postharvest loss based in the Fugalei
municipal market was higher (13.3%) than when losses
were measured through direct weighing (6.3%). The reason for this disparity is unclear, and may simply reflect
that vendors believe the postharvest losses are worse than
they actually are, or that vendor perception of loss is inclusive of additional economic considerations such as
possible price discounting, re-sorting and grading, and/or
disposal costs. As the vendor survey included both commercial vendors and transient farmer-traders, whereas direct weighing determination was limited to commercial
market vendors who regularly participated in the market,
there is also the possibility of differential loss among vendor cohorts. This would imply slightly higher postharvest
losses incurred by farmer-traders compared to the more
professional commercial market vendors. This is consistent with the observation that the markets dominated by
farmer traders had higher levels of postharvest loss, at
least on the main Island of Upolu (Table 4). While this
was not the case in Savai’i, the Salelologa municipal market on Savai’i was atypical in that commercial vendors
primarily sold general household products, with fresh fruit
and vegetables as minor-traded items. The fact that vendors identified breadfruit as a crop vulnerable to high
postharvest loss is also important (Table 4). In the quantification (by weight) of actual postharvest losses, none of
the commercial vendors sold breadfruit. This observation
not only supports the view that sampling method is likely
to account for differences in postharvest loss between the
two assessment methods, but also raises the issue of some
disparity as to the type of crops being sold by commercial
vendors verses farmer-traders.
Postharvest loss in the other fruit and vegetable markets in Samoa was between 10% and 17.5% (Upolu island) and 20% on the Island of Savai’i. On Upolu, all the
markets were located either in Apia (the Taufusi market is
only 240 m away from the Fugalei market) or in close
proximity to the key production centres. With markets in
close proximity to each other and short farm-to-market
transport distance, differences in market loss are unlikely
to be due to geographic propinquity. On the island of
Savai’i, there was a limited supply of fresh fruits and
vegetables, with product either imported or sourced from
Savai’i with limited evidence of inter-island supply chains
observed at the time of sampling.
While not quantified, there was a notable observational
difference in the level of consumer activity between the
markets, with the private Taufusi market considerably
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busier than all of the other markets assessed. This is interesting given the Taufusi market had significantly lower
postharvest losses compared to the Afega village, the
Saleimona road-side markets, and the Salelologa market.
This is consistent with the view that lower consumer demand may be contributing to extended market storage,
and higher resultant postharvest loss. Further work is
needed to examine and verify the possible importance of
consumer purchasing behaviour as a possible contributor
to postharvest loss in fruit and vegetable markets in
Samoa.

5 Conclusions
Mean postharvest loss in the main Fugalei municipal fruit and
vegetable market in Samoa was considered to be comparatively high relative to similar municipal markets in Fiji. While
poor agronomic and postharvest handling practices no doubt
influence such levels of postharvest horticultural loss, we believe extended market storage involving high tropical ambient
temperatures was of critical importance. There was some evidence that prolonged market storage may be due to low consumer demand, but more work is required to validate this
conclusion. Given differences in the level of postharvest loss
between the various fruit and vegetable markets in Samoa,
further work is also needed to explore the potential influence
of vendor practice, market design, market location and
operations.
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