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Purpose: Demand for tomato is increasing in Laos but marketing
options are limited due to ripening during transit. This study
quantified changes in fruit ripening during commercial transit to the
major urban market in Laos, and investigated extension in market life
achieved by inclusion of an ethylene absorbent into packages of
green fruit. Research method: Ripening during the transport
tomatoes of mixed maturity in the same package from to Vientiane
was assessed by scoring fruit colour at harvest and arrival at the
market. An intervention trial was then conducted where green
tomatoes were packed with an ethylene absorbent and ripeness
assessed over seven days at ambient temperature. Findings: During
the 24-hour journey of 750 km from farm to urban market, the mean
colour score increased from 2.4 to 3.5 with the proportion of green
fruit (score 1) decreasing from 35 % at harvest to 5 % at Vientiane. In
the trial where tomatoes were sorted so only green (score 1) and
breaker (score 2) fruit were packed in containers, the inclusion of
sachets of a low-cost potassium permanganate ethylene absorbent
significantly delayed ripening - 75% of fruit remained green after 7
days storage which was double that in control boxes. Research
limitations: Findings need to be confirmed on larger shipments to a
range of markets. Originality/Value: On-farm sorting for maturity
coupled with the marketing of ripening fruit on local markets and
green fruit held in reduced ethylene to more lucrative markets can
increase the economic situation for Lao farmers.
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INTRODUCTION

Tomato (Solanum lycopersicum) is an internationally popular climacteric fruit with increasing
production in many countries (Arah et al., 2016). The demand for tomato is increasing in Lao
PDR and the Lao government has prioritised research into issues related to tomato production
(DoA, 2017). However, postharvest handling issues have been neglected even though
substantial postharvest losses of tomatoes are known to occur in the supply chain (Genova et
al., 2006). The postharvest life of ripe tomatoes is relatively short (Babatola et al., 2008) and
extending the market life commonly depends on maintaining fruit at the green pre-climacteric
stage of maturity where they are also less susceptible to handling damage and microbial
wastage (Wills & Golding, 2016). Holding unripe fruit at an optimum low temperature is used
in many countries to inhibit fruit ripening but refrigerated facilities are not generally available
or affordable in many developing countries including in Lao PDR. In addition, rough
handling, packing without sorting and improper packaging in the supply chain have been
identified as causing substantial postharvest losses of horticultural crops in developing
countries (Arah et al., 2016; Hailu & Derbew, 2015; Porat et al., 2018).

Technologies that can delay ripening of tomatoes held at ambient temperature would be
of considerable value for Lao PDR. Ethylene at a concentration as low as 0.005 uL L™ in the
storage atmosphere has been shown to initiate ripening of a range of climacteric fruit
including tomatoes (Wills et al., 2001). A number of technologies related to ethylene action
such as fumigation with 1-methylcyclopropene (1-MCP) (Ku & Wills 1999; Wills & Ku,
2002) and modified atmosphere storage (Mathooko, 2003; Nakhasi et al., 1991) have been
found to inhibit ripening of tomatoes. However, these approaches present some difficulties in
countries such as Lao PDR as they require the use of fumigation facilities or specific plastic
films, respectively. Reducing the level of ethylene around tomatoes during marketing could
extend the market life in the absence of temperature control. Applying a solid material that
has been impregnated with potassium permanganate (KMnO,) to oxidise atmospheric
ethylene was first shown to inhibit ripening of bananas (Scott et al., 1970) but is now well
recognised as an effective low-cost technology with easy application. The use of potassium
permanganate absorbents has been shown to extend the postharvest life of various climacteric
fruit at ambient temperatures (Azad et al., 2008; Sardabi et al., 2013) but no study has been
reported for tomatoes at tropical ambient temperatures. The most widely used commercial
method of application of a KMnO,-based ethylene scavenger is in a small sachet can be easily
inserted into individual packaging (Janjarasskul & Suppakul, 2018).

The marketing of tomatoes in Lao PDR commonly involves harvesting fruit at a range of
ripeness, packing the fruit into Styrofoam boxes without sorting for maturity, then
transporting packages for about 24 hr from the production area in the south of country to the
capital city of Vientiane, or short distance supply between neighbouring cities or provinces
which take about 12 hr from harvest to destination. Anecdotal market information is that there
is substantial ripening of fruit during the journey which limits marketing options to withhold
fruit from the market if the price is depressed or in over supply. The initial study mapped an
existing common supply chain network to quantify the change in fruit ripening during transit
and then conducted an intervention study where only green and breaker tomatoes were packed
together with KMnO4-based ethylene absorbent sachets to inhibit ripening.
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MATERIALS AND METHODS

Mapping the ripening of tomatoes in the current supply chain from farm to urban
market

Commercial consignments of tomatoes (Solanum lycopersicum cv. Tomat) grown on three
planting sites in the Lao-China Cooperation in the Paksong district, Champasak province
were tracked during transport to Vientiane Capital during September - October 2016. Fruit
from each planting site was packed into three Styrofoam boxes that held approximately 25 kg
of tomatoes. The temperature in each box was monitored by inclusion of a temperature and
humidity logger (HOBO U12, Onset Computer Corporation, Cape Cod, Massachusetts, USA)
in the middle of the box. From each box, 30 tomatoes from the bottom, middle and top layer
respectively were labelled and the fruit skin colour was recorded based on the USDA (1975)
tomato colour chart which defines the fruit ripening stages as 1=green, 2=breaker, 3= turning,
4=pink, 5=light red and 6=red. When the boxes arrived at Vientiane Capital, they were
immediately taken to the Clean Agriculture Standard Center (CASC) laboratory where data
on the temperature logger was downloaded and the labelled tomatoes were scored for colour.
A two-way ANOVA was performed on the colour scores to determine the significance of any
change during transit.

Delaying tomato ripening with an ethylene absorbent

Tomatoes (cvs Perfect and Detta) at mature green and breaker stages were harvested from
three farms located in Ban Ang Gnay, Vientiane Capital. Fruit from each farm without any
defect was selected at the packing hut on the farm and were distributed into a pair of
Styrofoam boxes each holding about 10 kg (about 110 tomatoes). In total, three pairs of boxes
from each farm were packed. Four sachets of a commercial potassium permanganate based
ethylene absorbent (Bion, 5 g of absorbent per sachet, Bioconservacion, Barcelona, Spain)
were inserted into one of each pair boxes with two sachets in the middle and on the top layer.
All boxes were transported 55 km to CASC by open tray truck, a journey that took about 3.5
hr. Upon arrival at CASC, the boxes were stored at room temperature (26-37 °C). After 5, 7
and 9 days at the laboratory, one pair of boxes were opened and the colour of each tomato
was scored using the USDA (1975) colour chart. Linear regression was calculated to
determine the rate of change in fruit colour score for each treatment from each farm. An
applied linear statistical model was used to compare the significance of the slope of the
regression lines; y = 100 + bx, where y = % of unripe fruit and x = storage time (days) with
the y intercept fixed at 100 % for x = 0 days. The data from the three farms were aggregated
for each treatment and the mean regression equation calculated

RESULTS AND DISCUSSION

Ripening in the current tomato supply chain
The tomato supply chain studied involved a distance of 750 km between farms and the market
and a normal public bus was used to transport the tomatoes to Vientiane Capital. The journey
took 22-24 hours from the harvest time of about 8 am and arrival in the market the following
morning. The temperature around tomatoes in the boxes was about 25 °C when packed and
had risen about 7 °C to about 32 °C during the journey.

The current marketing practice for tomatoes in Lao PDR was followed with the three
consignments where fruit was packed into the Styrofoam boxes without any sorting for
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maturity. The mean skin colour of tomatoes just prior to packing was scored as 2.4 but had
increased (P=0.06) to 3.5 on arrival in the market. The change in fruit colour between harvest
and market is illustrated in Figure 1 which shows that there was a wide range of fruit maturity
on packing with one-third of the fruit being green (score 1) and one-third at the breaker (score
2) stage. In the 24 hours between harvest and assessment for colour in Vientiane Capital, only
about 5 % of fruit remained green with about 60 % of fruit either at the turning (score 3) or
pink (score 4) stages.

The rate of ripening of tomatoes at ambient tropical temperatures has been poorly
documented in the literature with most studies being at lower temperatures. In this study it
was surprising to find to relatively rapid increase in ripening over the 24 hours between
harvest and market which is attributed to the both high temperatures tomatoes encountered
during the supply chain and the mixed maturities of tomatoes in a box where the ethylene
generated by the ripening fruit would trigger ripening in green fruit. While all fruit were of
marketable quality on arrival in Vientiane Capital, there was limited flexibility to obtain a
better price by deferring marketing if the market was over-supplied or to transport to more
distant markets. This situation could be improved if the fruit were sorted for the stage of
ripeness on the farm and green and ripening fruit packed in separate boxes with different
marketing strategies for each group. Ripening fruit would need to be marketed within a short
period but greener fruit could have an extended marketing period either on a local market
destination or after transport to other provinces or regional markets such as Thailand. The
advantage of the latter scenario would be enhanced by having a simple technology to further
delay the onset of ripening of tomatoes.

% of fruit

Fruit colour

Green - Breaker - Turning - Pink - Light red - Red

Fig. 1. Proportion of tomatoes at each ripeness colour score at the farm (®) and on arrival at the market (m).
Values were derived from assessments of 810 tomatoes (3 consignments x 3 boxes x 90 fruit).
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Fig. 2. Proportion of unripe tomatoes in boxes with and without an ethylene absorbent during nine days storage.
Each value is the mean of 3 replicates (3 farms x 110 tomatoes).

Delaying ripening with an ethylene absorbent

A trial was therefore conducted on tomatoes sourced from three farms to investigate the delay
in ripening that could be achieved by the absorption of ethylene generated at tropical
temperatures as most published studies have been conducted at lower temperatures. Sachets
of a commercial KMnO, based ethylene absorbent were placed into boxes containing fruit
that had been pre-sorted to contain only green (colour score 1) or breaker (colour score 2)
tomatoes. The rate of ripening was significantly inhibited over the nine day storage period at
26-37°C in boxes containing the ethylene absorbent. Table 1 shows the significant linear
relationship for fruit from each farm with a higher slope for the control fruit than for fruit with
the ethylene absorbent. Figure 2 shows the overall trend across the three farms for the
percentage of unripe fruit remaining in a box over the storage period. On an assumption that
an acceptable market outcome is achieved if 75% of tomatoes are green when the container is
marketed, containers with ethylene absorbent sachets can survive a 7 day supply chain which
is double the 3.5 days for fruit in control containers. All fruit in both treatments ripened
normally after removal from the container.

Ethylene absorbent sachets are of relatively low cost (600 kip (US$0.07)/sachet, B.
Rogers, Bioconservacion, pers. comm.) and the economic benefit from use of the ethylene
absorbent sachet can be assessed. In this study, an investment of four sachets (5g/sachet) at
2400 kip (US$0.28) maintained 75% of unripe tomato for 7 days. Since the control container
had 50 % unripe fruit at seven days, the sachet resulted in an extra 2.5 kg from the original 10
kg of tomatoes per container to be marketable after 7 days. An average price for tomatoes in
the Vientiane wholesale market is 10,000 kip (US$1.25)/kg which values the 2.5 kg of
additional marketable tomatoes per container at 25,000 kip (US$3.10) revenue — a return of
over 1000 % from the investment in the sachets.
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Table 1. Linear regression equations for decrease of % unripe fruit (y) in the container with increasing storage time (x days)
for tomatoes from three farms

Linear regression of % unripe fruit v. storage time

Farm Control Ethylene absorbent P value
A Y=100-5.9x Y=100-3.8x 0.04

B Y=100-10.8x Y=100-5.9x 0.004
C Y=100-5.3x Y=100-2.4x 0.03

Unripe fruit were designated as having colour score 1 or 2. Each box contained about 110 tomatoes.

CONCLUSION

Tomatoes marketed in the current 24 hour Paksong —Vientiane Capital tomato supply chain
was found to be unsatisfactory. The increase of 6-8°C in fruit temperature during the journey
together with the mixed maturity of tomatoes packed into the same container resulted in 95%
of tomatoes having entered the ripening stages on arrival at the market destination. The fruit
need then to be marketed immediately and limits any alternative marketing strategy that could
provide a better economic return to farmers.

The marketing options of tomatoes in the Lao PDR could be improved by sorting fruit
after harvest and consigning to the local market only those fruits that had commenced
ripening (score 2+). Alternate higher value markets can then be targeted for tomatoes that
have not ripened particularly if an ethylene absorbent was included in a container. For such
fruit the market life was found to be extended by 100% after 7 days over fruit in containers
without the ethylene absorbent. The sachets are of relatively low cost and required no
technical skill for application. The simple attempt at economic modelling showed that the
return to the farmer through the increased volume of fruit that can be marketed and the ability
to access more lucrative markets is much greater than the cost of the sachets.
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