Pre prints.org

Article Not peer-reviewed version

Reducing Inequality in the
Greenhouse Tomato Supply Chain
Through Income Generating from
Composting and Recycling of
Waste

Hatice Tiirkten ~
Posted Date: 24 August 2023
doi: 10.20944/preprints202308.1652.v1

Keywords: Income inequality, sustainable tomato supply chain, waste composting and recycling, profit
distribution

E E Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/1861281

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 August 2023 d0i:10.20944/preprints202308.1652.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Reducing Inequality in the Greenhouse Tomato

Supply Chain through Income Generating from
Composting and Recycling of Waste

Hatice Tiirkten

Ondokuz Mayis University, Faculty of Agriculture, Department of Agricultural Economics 1;
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Abstract: Investigating the potential impact of composting and recycling waste on income
distribution are crucial to promote a fairer and more sustainable fresh tomato supply chain (FTSC).
Therefore, this study aims to explore the potential of gaining extra income from recycling tomatoes
waste generated along the FTSC and to calculate the contribution of extra income from recycling
tomato waste to reduce income inequality along the FTSC. Data were collected from 136 greenhouse
tomato producers, 60 wholesalers, 18 exporters, 120 domestic retailers, 22 overseas retailers, and 3
recycling facilities in Tiirkiye. Marketing cost, absolute marketing margin, relative marketing
margin and net profit margin were used when economically analyzing the FTSCs. Research results
showed that the net profit share of the producer decreased associated with the increasing number
of intermediaries. Research results also showed that revenue gained from composting and recycling
of product loss and waste increased the welfare of greenhouse producer more than other supply
chain actors. When taking into account the revenue from composting and recycling of wastes,
producers increased their net profit by 9.85% at first FTSC, while that of second and third FTSCs
were 8.29% and 9.21%, respectively comparing to the prevailing conditions. The contribution of
extra revenue from composting and recycling of wastes to retailers was more comparing wholesaler
and exporter. Retailers and wholesalers gaining from recycling in domestic FTSCs was more
comparing to overseas one. Close cooperation between producers, wholesalers, exporters, retailers,
and recycling facilities is essential for the effective implementation of waste recycling initiatives.
Organizing the training and education programs focused on waste management can increase the
extra income of producers and active intermediaries in FTSC from composting and recycling tomato
wastes. Offering financial incentives, grants, or subsidies can encourage producers and other actors
within the supply chain to adopt waste recycling practices. Continuous research and innovation are
crucial in identifying and developing new technologies, processes, and strategies to minimize food
loss and waste. Dominating fair-trade practices to ensure that all FTSC actors may balance the
income distribution among FTSC actors.

Keywords: income inequality; sustainable tomato supply chain; waste composting and recycling;
profit distribution

1. Introduction

The FTSC involves network among producers, wholesalers, exporters, and retailers and complex
activities. Resilience of FTSC against fluctuation in market variable such as price, cost etc. and climate
change shapes the efficiency of supply chain. Sustainability and efficiency of FTSC is highly related
with the quality of relationship and income distribution among supply chain actors (1,2).
Unfortunately, income distribution among supply chain actors have been unfair up to now.
Especially producers have received a smaller share of the profits generated along the supply chain
compared to others (3; 4; 5; 6). This inequality leads to a decrease in the producer's net profit and
marketing efficiency (7; 8). On the other hand, inefficiencies arise in FTSC cause waste of natural and

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202308.1652.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 August 2023 doi:10.20944/preprints202308.1652.v1

economic resources, and create food waste (FW) along the supply chains, resulting in negative
economic, environmental and social impacts.

The imbalance in income distribution may result in reduced incentives for producers to invest
in their farms or improve production processes, ultimately leading to a less sustainable supply chain
(9). Recent efforts have been made to address this issue and increase the power of producers, with
one such approach involving generating income from recycling waste. Recycling waste can provide
an additional source of revenue for actors and enhance their bargaining power. The income disparity
among actors in the food supply chain can be addressed by generating income from recycling food
loss (FL) and FW.

FL and FW incur a significant economic loss for actors involved in food production and supply
chains, particularly for vegetables. FL occur before the food reaches the consumer, while FW is a more
complex issue related to retail, the food services sector, and consumers (10). The agricultural food
supply chain experiences the highest loss rate in the first link, which is agricultural production. The
FL in other nodes is relatively lower comparing to agricultural production. Therefore, the
opportunity of generating extra income from FL and FW by recycling of producers is more than that
of wholesalers and retailers.

The FL rate for perishable products such as tomatoes is relatively high due to various reasons,
including incorrect handling during loading and unloading, poor product storage conditions,
unsuitable storage conditions, lack of a clean and sterile environment, insufficient ventilation and
cooling systems, lack of pre-cooling after loading, and errors in packaging and sizing of tomatoes (11;
12). And also, the geographical distance between the tomato production and consumption/sales
points, as well as the limited accessibility of remote locations, have been incurred as significant for
FL and FW (13; 14). For this reason, unbalance income distribution among actors in the tomato supply
chain are quite high (5; 3; 6; 4). FL generated along the supply chain by spoilage of fresh products
and FW have been important reasons for price fluctuations and income inequality (15; 16; 17; 18; 19;
20; 21; 22; 23; 24; 25; 26; 27; 7; 28).

Up to now, several studies have been conducted to determine the reasons for post-harvest losses
of tomatoes, understand the relationships among actors in the supply chain, and explore the scope of
reducing FL and increasing profits (29; 5). These studies have revealed that nearly half of the tomatoes
produced were spoiled before consumption, and factors such as inadequate raw materials, reliability
of logistics networks, technological capabilities, coordination among actors, economic and
environmental factors, policies, and market fluctuations affect the performance of the supply chain
and lead to losses (30; 31). Therefore, the study focused on the extra income generated by recycling
the fresh tomatoes waste to balance the income distribution among the FTSC actors. Tomatoes are
among the most widely consumed vegetables globally, with a significant proportion of the global
supply chain located in developing countries. Tiirkiye is the world's third-largest tomato producer,
with an annual production of approximately 13 million tons (10) The consumption of tomatoes in
Tiirkiye is primarily in the form of fresh produce or processed goods, such as tomato paste, and dried,
or canned products (32). Moreover, Tiirkiye's tomato exports amount to roughly 519 thousand tons,
while approximately 226 thousand tons of tomatoes are processed domestically (33; 34). Tiirkiye is
selected as a research area due to being a good example to reveal the crucial role of income generating
from recycling fresh tomatoes waste in reducing inequality in tomato supply chain.

Previous studies have examined FL and FW along the supply chain (30; 35; 36; 37; 38). However,
the impact of the economic benefits resulting from recycling on income distribution has yet to be
explored. Since the FTSC can become more sustainable, efficient, and equitable via generating income
from recycling of FW, this study seeks to explore the potential of recycling FW generated along the
FTSC to reduce income inequality and benefit producers. Specifically, this study examines the link
between extra income generated from recycling waste and income inequality along the FTSC, with a
particular focus on the impact on producer income. The hypothesis of the research is that that
recycling tomatoes waste generated along the FTSC can serve as an alternative income source for
producers, thereby reducing income inequality and contributing to a more sustainable supply chain.
Overall, the aims of the study were to explore the potential of gaining extra income from recycling
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tomatoes waste generated along the FTSC and to calculate the contribution of extra income from
recycling tomato waste to reduce income inequality along the FTSC.

2. Materials and Methods

2.1. The Study Area and Data Collection

Tomatoes are cultivated both in open field and under greenhouse in Tiirkiye. The study focused
on the greenhouse producers who utilize soilless agriculture technology for cultivating tomatoes, as
well as the wholesalers, exporters and retailers involved in Turkish FTSC. Fresh tomatoes cultivated
under greenhouse with soilless farming technology in Tiirkiye are distributed to end-consumers via
three distinct supply chains. The boundaries of these supply chains are depicted in Figure 1.
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Figure 1. Flowchart of alternative Turkish FTSC.

The first FTSC involves a progression from the producer to the wholesaler, followed by an
exporter company and retailer to supply fresh tomatoes to overseas consumers. The second FTSC
includes producer, wholesaler and retailer (greengrocer, supermarket, and local market), respectively
to reach end-consumer. The third FTSC is shorter one comparing to other supply chains. The travel
of fresh tomatoes starts at greenhouse producer, and reaches to consumer through retailer
(greengrocer, supermarket, and local market). 60.65% of the Turkish greenhouse producers have been
followed the first FTSC, while that of second and third FTSCs were 23.64% and 15.71%, respectively.

The greenhouse tomato production with soilless agriculture technology is located 26 different
provinces of Tiirkiye. The research included the all-active tomatoes producer under greenhouse with
soilless production technology in Tiirkiye. The provinces that have the highest tomato production
using soilless agriculture technology are Antalya, which constitutes 22.8% of total Turkish tomato
production. The provinces of Afyonkarahisar and $anliurfa follow it with the share of 20.6% and
9.6%, respectively (Figure 2).
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Figure 2. The distribution of Turkish greenhouse tomato farms.

The tomatoes produced under greenhouse are supplied to both domestic and overseas market.
Consumers living in Antalya, Bursa, and Istanbul have the highest share in domestic tomato
consumption. Russia and Ukraine are the top importers of Turkish tomatoes (10).

The producer level research data was collected from 136 producers during the production period
of 2021- 2022 using well-structured questionnaires. Questionnaires covered the questions for
measuring the variable of production quantity, associated costs (such as those related to fertilizers,
pesticides, heating, growing medium, irrigation, electricity, seeds, seedlings, etc.), waste varieties,
and amounts.

Due to the difficulties in determining the exact number and characteristics of intermediaries, a
snowball sampling method was used to ensure that each link's number of intermediaries equals the
number of tomato producers. Snowball sampling has been preferred in previous studies on the
tomato supply chain conducted by (39), (40), and (41). Using the snowball sampling method, a total
of 220 intermediaries were identified and individuals interviewed across various stages of the tomato
supply chain. Selection bias was reduced by tracking the intermediaries (wholesalers, exporters, and
retailers) to whom the producers sold their fresh tomatoes. The data was collected via questionnaires
from 60 wholesalers, 120 retailers who purchased from wholesalers, 18 exporters, and 22 overseas
retailers in examined FTSCs. These data were acquired through individual interviews with each actor
included in the tomato supply chain, comprising information on tomato purchasing and selling
prices, costs associated with various aspects of the supply chain (storage, labor, transportation,
packaging, etc.), as well as the types and quantities of waste produced along the supply chain.

In addition, data obtained from 3 recycling facilities, which are recycled the tomatoes waste
generated in examined FTSCs, through semi structured individual interviews were used in the study.

2.2. Eliciting Income Distribution along the Tomato Supply Chain

Production expenses, revenue, net profit per kilogram of fresh tomato produced and sold, and
value-added generated along the tomato value chains were calculated for eliciting revenue
distribution. Value added was the difference between selling prices of tomatoes at relevant levels of
the value chain and it is attributed to absolute marketing margin. The net profit generated in each
node of the FTSC was divided by its corresponding revenue when calculating the net profit margin.
Net profit was the amount of revenue exceeding the sum of the variable and fixed expenses. Since all
calculations in a kilogram basis, tomato price equaled the revenue of intermediaries in each node of
the tomato value chains. The variable cost of tomato production included the expenses of fertilizer,
heating, growing media, irrigation, electricity, and other expenses. For wholesalers, exporters, and
retailers, variable costs were packaging, transport, storing, labor, rent payment, promotion, and
general administrative costs. The fixed costs of intermediaries were depreciation, repair-
maintenance, rent payment, insurance, interest, and tax.
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Share of intermediaries in total net profit and relative marketing margin were also calculated for
exploring revenue distribution along the FTSCs. The value added of intermediaries was divided by
total value added generated along the tomato value chain to calculate the relative marketing margin.
Similarly, the net profit of intermediaries was divided by total net profit of tomato value chains to
calculate the share of intermediaries in net profit.

2.3. Exploring the Effect of Revenue from Recycling of Tomato Waste on Income Distribution

Revenue gaining from recycling tomato waste along the tomato supply chain and current
income distribution among supply chain actors were used to explore the effect of extra revenue from
recycling of tomato waste on income distribution. When calculating the revenue generating from the
waste, the amount of waste generating at each node of the tomato supply chains was determined
based on the responses of intermediaries at first. At the producer level, tomato waste identified and
classified in two different group such as agricultural waste and other waste. Agricultural wastes
included waste of plant, product, growing media and drainage. Viol, plastic case, boxes, greenhouse
glass, greenhouse plastic cover and rope constituted the other waste. Product waste, pallet waste and
box/cardboard waste were the waste generated at the wholesaler, importer and retailer level. Next,
the revenue from recycling each type of waste was calculated, based on data from recycling facilities.

Producing compost from organic plant and product waste was used as a recycling method at
the producer level based on the findings of (42). (42) stated that composting, producing animal feed,
and producing soil conditioners were the alternative recycling methods for organic tomatoes waste
and composting organic tomato waste was economically more feasible comparing to other recycling
alternatives. Based on data obtained from recycling facilities, the economic revenue of organic plant
and product waste per kilogram were USD $ 0.20 and USD $ 0.16, respectively. Compost prices was
USD $ 0.2916 per kilogram when calculating the income generating from recycling tomatoes waste
in the study. The compost prices in Tiirkiye was relatively higher comparing to other part of world.
Compost prices were USD $0.085 in Indonesia, USD $0.093 in Taiwan, USD $0.25 in Malaysia, USD
$0.18 in Sri Lanka and $0.126 in China (43; 44; 45).

In general, growing media wastes can be reused in landscaping work worldwide (46; 47; 48).
Similarly, growing media wastes are used for landscape working in Tiirkiye. Therefore, the economic
revenue of reusing growing media wastes in landscaping works was considered by USD $ 0.08 per
kilogram in the study. Drainage waste is also one of the important wastes generated in tomato
production under greenhouse with soilless agriculture (49). In the study, the revenue generating from
recycling drainage waste was used by USD $ 0.36 per kilogram of drainage waste. The revenue
obtained from recycling of per kilogram wastes of viol, plastic case, box, pesticide box, greenhouse
glass, plastic cover and rope were USD $ 0.24, USD $ 0.37, USD $ 0.26, USD $ 0.26, USD $ 0.14, USD
$ 0.47 and USD §$ 0.5, respectively, while that of cardboard and pallet wastes were USD $ 0.11 and
USD $ 0.14, respectively. The total revenue of tomato wastes was calculated by multiplying the
amounts of tomato wastes with corresponding prices.

The difference between current income distribution and income distribution after adding
revenue gained from recycling tomatoes waste was attributed to the effect of revenue gained from
recycling tomato waste

3. Research Findings and Discussion

Research results showed that greenhouse tomato farms conducted their activities under
greenhouse with the size of 5.45 hectares and total tomatoes production of sample greenhouse farms
was 2376 tons per year. The production cost of per-kilogram tomatoes was US $ 0.66 and variable
expenses constituted 72% of the total unit production cost. The share of fertilizer, heating, growing
media, and irrigation and electricity expenses in total variable cost of tomato production were 17%,
21%, 9% and 11%, respectively, while the rest was other expenses. Depreciation cost had the largest
share in fixed cost of tomato production by 74%.

In the first FTSC, the farm gate price of tomato was US $ 0.81/kg and the consumer paid US $
3.77 for 1 kilogram of tomato. The absolute marketing margin between producer and consumer in
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the first tomato supply chain was US$ 2.96/kg. The absolute marketing margins between producer
and wholesaler and between wholesaler and exporter were US $ 0.96/kg and US $ 0.62/kg,
respectively. While it was US$ 1.37/kg between exporter and retailer. The retailer had the highest
relative marketing margin among the fresh tomato supply chain actors, while the exporter had the
lowest one. 22% of the consumer payment for one kilogram of tomato reached greenhouse tomato
producer. Regarding the marketing expenses, it was clear that retailer had the higher marketing
expenses along the fresh tomato supply chain. Wholesaler spent US $ 0.67 for transferring one
kilogram of tomatoes to exporter. The share of expenses of transport and boxes/cardboard were 18%
and 66%, respectively. The cost of transporting one kilogram of tomatoes from exporter to the retailer
was US $ 0.50 while that of other cost was US $ 0.07. The total expenses at the retailer level were US
$ 0.94 per kilogram and 77% of it was packaging expenses. When glancing at the income distribution
among the FTSC actors, it was clear based on the net profit margin (NPM) calculation that retailers
had the highest net profit among the FTSC actors. Wholesalers, producers and exporters followed
retailers (Table 2).

In the second FTSC, the farm gate price of tomato was US $ 0.81/kg and the consumer paid US $
1.56 for 1 kilogram of tomato. The absolute marketing margin between producer and consumer in
the first tomato supply chain was US$ 0.75/kg. The absolute marketing margins between producer
and wholesaler and between wholesaler and retailer were US $ 0.35/kg and US $ 0.40/kg, respectively.
Producers in second FTSC had the higher marketing expenses along the FTSC. Wholesaler spent US
$ 0.24 for transferring one kilogram of tomatoes to exporter. The share of expenses of transport, pallet
and boxes/cardboard were 54%, 17% and 13%, respectively. The retailer's expenses differed
associated with retailer type. The expenses of greengrocer, supermarket and local market were US $
0.20, US $0.23 and US $ 0.31, respectively. Producers had the highest NPM. Retailers and wholesalers
followed producers (Table 2).

In the third FTSC, the absolute marketing margin was US$ 0.72/kg and the consumer price of
tomato is US$ 1.53/kg. The relative marketing margin of the producer was higher than that of
retailers. Retailers in the third FTSC spent US $ 0.57 for transferring one kilogram of tomatoes to
consumers. The share of transport expenses in total unit cost was 91%. The net profit of producers
was US $ 0.16/kg, and that of retailers was US $ 0.14/kg (Table 1). Since total net income of FTSC
actors is highly depend on both the quantities sold and the net profit of actors in each level of FTSC,
considering on quantities of sold by FTSC actors was vital for eliciting accurate income distributions.
When considering the quantities sold by actors, it was clear that the first FTSC created a total net
income of around 3 million US $, while that of the second and third ones were 218 and 563 thousand
US $. The rank of producer at first, third, and second FTSC were 4, 3, and 2, respectively. The share
of the producer in the total net income of each FTSC increased from the longest FTSC to the shortest
one. Producers and wholesalers had more total net income at overseas FISC than domestic ones.
However, the total net income of retailers in the third FTSC was higher than that of overseas ones
(Table 1).

Table 1. Total net income of FTSC actors and income distributions.

Quantity
Number of Share in
Total .
of active tomatoes . total net
tomatoes . Net profit Total net Rank of
: actors in sold by (/ton) ) ©) FT the act
su on income e actors
PPYy each FTSC income
(ton)
nodes actors (%)
(ton/actor)
First FTSC
Producer 195992.64 136.00 1441.12 160.00  230579.58 7.79 4

Wholesaler 194969.20 60.00 3249.49 290.00  942351.13 31.82 2

d0i:10.20944/preprints202308.1652.v1
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Exporter 186597.82 18.00 10366.55 60.00 621992.73 21.00 3
Retailer 183335.16 69.00 2657.03 439.00 1166436.74 39.39
Total 930.00 2961360.19 100.00
Second FTSC
Producer 50750.34 136.00 373.16 160.00 59706.28 27.32 3
Wholesaler 50674.70 60.00 844.58 110.00 92903.62 42.51
Retailer 49464.44 120.00 412.20 160.00 65952.59 30.18 2
Total 430.00 218562.49 100.00
Third FTSC
Producer 76382.66 136.00 561.64 160.00 89861.95 15.96 2
Retailer 74360.90 22.00 3380.04 140.00  473205.73 84.04
Total 300.00 563067.68 100.00
*Wastage ratio for producer, exporter, wholesaler and retailer were 5%, 10%, 12% and 12%, respectively.
Table 2. Marketing margins for the tomato supply chain by FTSC.
Price Absolute
Relative Cost Net profit Profit Net profit
(US  Cumulati marketing
marketing (Us (US $/kg)  distribution  margin (%)
$/kg) ve (%) (2) margin (US $/kg)
margin (%) (4)  $/kg) (5) (6) (%) (7) (8)=(6)/(1)
(¥)) 3)
1. Supply chain
% 0.81 21.62 0.81 21.62 0.66 0.16 17.04 0.20
£
g
[s*]
'ij 1.77 47.04 0.96 25.42 0.67 0.29 30.95 0.16
2
=
*q"g 240 63.60 0.62 16.57 0.57 0.06 6.20 0.02
)
% 3.77 100.00 1.37 36.40 0.94 0.43 45.80 0.11
&
;g 3.77 - 3.77 100.00 2.83 0.93 100.00 0.25
2. Supply chain
E 0.81 52.19 0.81 52.19 0.66 0.16 36.80 0.20
s
1.16 74.46 0.35 22.26 0.24 0.11 25.37 0.09

Wholesaler
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)

= 1.56 100.00 0.40 25.54 0.24 0.16 37.82 0.10
2
=
;5 1.56 - 1.56 100.00 1.13 0.43 100.00 0.28

3. Supply chain

g

R 0.81 53.20 0.81 53.20 0.66 0.16 52.56 0.20

e

~

g

= 1.53 100.00 0.72 46.80 0.57 0.14 47.44 0.09
g3}

~
=
;5 1.53 - 1.53 100.00 1.23 0.30 100.00 0.20

It was clear based on the research results that producer had the highest net profit margin in all
FTSCs. This finding confirmed the results of previous studies conducted by (50), (51) and (52). In
contrary, some previous studies reported that net profit margin of the producers was the lowest (53;
54). The net profit share of the producer decreased associated with the increasing number of
intermediaries. The net profit share of producer exceeded the that of retailers in the third FTSC. This
research finding corroborated with the results of (55), (56), (57) and (52).

Greenhouse farms having 5.45 hectares of greenhouse land created 1802 tons of tomato
production waste in a year, on average, for 323125.64 tons of total fresh tomato production. Extra
revenue generated from composting plant waste, reusing drainage and growing media waste and
recycling other waste were US 315 dollars per greenhouse farm and US 57.8 dollars per hectare.
Agricultural waste constituted 93.3% of the revenue generated from the tomato wastes, while that of
other wastes was 6.7%. The shares of plant waste in the amount of total tomato production waste and
extra revenue were 84.37% and 96.23%, respectively. Growing media waste and drainage waste
followed the plant waste. Among the other waste types, the most significant contributors to revenue
are viol, at 45.7%, and greenhouse glass, at 23.7% (Table 3).

Table 3. Loss and waste occurred during greenhouse tomato production.

Waste amount (tons) Value US $

Mean % Mean %
Agricultural waste 1763.62 97.87 302.81 96.23
Plant waste 1520.41 84.37 261.01 82.95
Plant waste during production 1174.08 65.15 233.04 74.06
Plant waste after harvesting 346.34 19.22 27.97 8.89
Product waste 0.16 0.01 0.02 0.01
Growing media waste 164.01 9.10 13.62 4.33
Drainage 79.04 4.39 28.15 8.95
Other waste 38.43 2.13 11.85 3.77
Viol 0.33 0.02 0.08 0.03
Plastic case 14.65 0.81 5.42 1.72
Box 7.50 0.42 1.98 0.63

Medicine box 0.83 0.05 0.22 0.07
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Greenhouse glass 422 0.23 0.60 0.19
Greenhouse plastic cover 6.02 0.33 2.82 0.90
Rope 4.89 0.27 0.74 0.24
Total tomato production waste 1802.04 100.00 314.66 100.00

The amount of waste generated at other stages of the FTSCs and their economic values are
depicted in Table 4. It was inferred based on the research findings that the largest product loss and
pallet waste were occurred at the exporter level, and retail level followed it in all FTSCs. However,
box and cardboard waste predominantly occurred at the retailer level and exporter and wholesalers
followed it. Regarding the revenue gained from recycling the waste, retailer had the highest extra
revenue from recycling box/cardboard waste at all FTSCs. Whereas, exporter had the highest extra
revenue from recycling product loss and pallet waste (Table 4).

Table 4. Product loss and wastes arising along the tomato supply chain and their economic value.

Box and cardboard waste Pallet waste Product loss

Waste Amount Value Waste Amount Value Waste Amount Value

(tons) US $ (tons) US $ (tons) US $
Mean Mean Mean Mean Mean Mean
1. Supply chain
Wholesale
s 86.4 9776.3 39.8 5551.3 7.5 937.1
Exporter 90.0 10185.9 181.5 25340.0 61.6 7665.2
Retailers 95.8 10840.7 1322 184622 22.5 2806.2
2. Supply chain
Wholesale
s 50.9 5767.6 10.9 1518.2 0.6 69.3
Retailers 91.0 10296.3 140.0 19543.6 8.9 1108.2
3. Supply chain
Retailers 52.0 5890.3 135.3  18895.0 14.9 1851.2

Research results revealed that revenue gained from composting, reusing and recycling of loss
and waste increased the welfare of greenhouse producer more than other supply chain actors.
Especially at second FTSC, the rank of producer promoted to first place. At first FTSC, the rank of
producer raised to above of wholesaler. When taking into account the revenue from composting and
recycling of wastes, producers increased their net profit by 9.85% at first FTSC, while that of second
and third FTSCs were 8.29% and 9.21%, respectively comparing to the prevailing conditions. The
contribution of extra revenue from composting and recycling of wastes to retailers was more
comparing wholesaler and exporter. Retailers and wholesalers gaining from recycling in domestic
FTSCs was more comparing to overseas one (Figure 3).

d0i:10.20944/preprints202308.1652.v1
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Figure 3. Change in profit distribution through waste composting and recycling.

4. Conclusions

This study focused on the revealing contribution of extra income gained from composting and
recycling tomato wastes to income distribution of the FTSC actors. The results showed that
composting, reusing and recycling of loss and waste increased the welfare of greenhouse producer
more than other supply chain actors. In addition, the share of the producer in total net income of each
FTSC increased from longest FTSC to shortest one. Research findings also showed that the
contribution of the extra income from composting and recycling of wastes in domestic FTSCs was
more than that of overseas FTSC. The research results confirmed that composting and recycling
tomato wastes serve as an alternative income source for producers, reducing income inequality and
contributing to a more sustainable supply chain.

Close cooperation between producers, wholesalers, exporters, retailers, and recycling facilities
is essential for the effective implementation of waste recycling initiatives. This collaboration can also
lead to the development of innovative solutions and best practices for reducing food loss and waste
along the FTSC. Organizing the training and education programs focused on waste management can
increase the extra income of producers and active intermediaries in FTSC from composting and
recycling tomato wastes. Increasing the efficiency of communication among FTSC actors can also
increase the extra revenue from composting and recycling the wastes. And it can smooth the income
distributions at the same time. Additionally, offering financial incentives, grants, or subsidies can
encourage producers and other actors within the supply chain to adopt waste recycling practices.
Facilitating access to appropriate finance sources for investment of composting and recycling tomato
wastes can enhance the revenue of each FTSC actors. Continuous research and innovation are crucial
in identifying and developing new technologies, processes, and strategies to minimize food loss and
waste. Taking these changes will allow the tomato supply chain to achieve more equitable profit
sharing while also contributing to a more sustainable and ecologically conscientious future. On the
other dimension, dominating fair-trade practices to ensure that all FTSC actors may balance the
income distribution among FTSC actors. Regulating competitive market conditions along the FTSC
can positively affect the income distribution.

Future research in tomato value chain could extent the scope from fresh tomato to processed
tomato when exploring the link between revenue from composting and recycling and income
inequality along the FTSC. In addition, the effects of monitoring the supply chains and technology
adoption on income distribution among the fresh and processes tomato chain actors could be


https://doi.org/10.20944/preprints202308.1652.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 August 2023 doi:10.20944/preprints202308.1652.v1

11

examined. By considering these factors, stakeholder could benefit deeper understanding of the
mechanisms behind inequality in income distribution.
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