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In Malaysia, postharvest losses of vegetables are estimated to be about 20-50%.
Tomato is the most important high-value vegetable crops with enormous
potential for export in Malaysia. But quantitative evidence of postharvest losses
of tomato is limited due to less attention has been given to the study on
postharvest losses. To the best knowledge of the author, there is no research
study on postharvest losses of tomato in Cameron Highlands and Lojing
Highlands using the approach of estimating the losses at the identified critical
loss points of each of the key players along the agrifood supply chain. The goal
of this study was to extend the effort made by previous authors by estimating the
postharvest losses of fresh tomato production using a different approach,
sampling method instead of tracking or direct measurement. As the problem of
high postharvest losses that usually occur on the farm in developing countries
and farmers’ income was affected the most. It is, therefore, necessary to conduct
a study on determining factors influencing postharvest losses of tomato at the
farm level. As the adoption of postharvest practices is found to be negatively
correlated to postharvest losses, it is, therefore, necessary to conduct a study on
determining determinants influencing farmers' adoption on postharvest
practices. Thus, the main objective of this study is to estimate the postharvest
losses of fresh tomato production in Cameron Highlands and Lojing Highlands.

A combination of multistage random sampling technique and snowball sampling
techniques were used to select tomato farmers and key players at various stages
of the tomato supply chain. Data were collected through personal interviews
using a structured questionnaire from 133 respondents which included 110
farmers, 11 collectors, 4 wholesalers, and 8 retailers. Descriptive analysis was
used to summarize the socio-economic and demographic profiles of the
respondents and the estimation of postharvest losses of tomato. Factor analysis



and multiple linear regression analysis were used to determine the factors
influencing the postharvest losses of tomato at the primary production level. Chi-
square analysis was used to determine the association between farmers’
adoption of postharvest practices and socio-economic and demographic profiles.
Logistic regression analysis was used to determine determinants affecting
farmers' decisions on the adoption of postharvest practices.

The findings revealed that estimated postharvest losses at the farm, collector,
wholesale markets, and retail levels were 5.43%, 2.79%, 0%, and 11.51 %,
respectively. The results of multiple regression analysis suggested that skilled
harvesters and the adoption of postharvest practices were the two factors found
to have an inverse relationship with postharvest losses of fresh tomato at the
farm level. On the other hand, harvesting methods, storage, and poor processing
and packaging were the three factors found to be positively related to
postharvest losses of fresh tomato at the farm level and these results confirmed
the hypotheses of this study. The results of Chi-square analysis revealed that
farmers’ age, experience, and awareness level were significantly associated with
farmers’ adoption of postharvest practices. Concerning determinants that
influence farmers’ decision on the adoption of postharvest practices, the results
from logistic regression analysis indicated that farming experience, awareness-
knowledge of postharvest practices, and perceptions of postharvest practices
were found statistically significant with farmers’ decision on adoption of
postharvest practices.

The policymakers should find ways to improve farmers’ knowledge on
postharvest practices as well as to improve their perceptions about the benefits
of postharvest practices towards reducing postharvest losses. Hence, more
farmers will adopt the postharvest practices as recommended by the
policymakers. This study adds to the body of knowledge of postharvest losses
along the food supply chain literature by increasing understanding of postharvest
losses problems, particularly the tomato supply chain in Malaysia. Effective
measures and interventions can be developed based on the identified factors
and causes influencing postharvest losses. Thus, the reduction of postharvest
losses can be achieved, and the business performance of farmers can be
improved.
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Di Malaysia, kerugian pasca tuai sayur-sayuran dianggarkan sekitar 20-50%.
Tomato adalah tanaman sayuran bernilai tinggi yang paling penting dengan
potensi besar untuk dieksport. Tetapi bukti kuantitatif kerugian pasca tuai
tomato adalah terhad kerana kurang perhatian diberikan kepada masalah
tersebut. Setahu penulis, tidak ada kajian penyelidikan mengenai kerugian
pasca tuai tomato di Cameron Highlands dan Lojing Highlands yang
menggunakan pendekatan menganggarkan kerugian pada titik kerugian
kritikal yang dikenal pasti setiap peniaga penting di sepanjang rantaian
bekalan makanan pertanian. Tujuan kajian ini adalah untuk memperluaskan
usaha yang dilakukan oleh penulis sebelumnya dengan menganggarkan
kerugian pasca tuai tomato segar dengan menggunakan pendekatan yang
berbeza iaitu kaedah persampelan dan bukannya pengesanan atau
pengukuran langsung. Oleh kerana masalah kerugian pasca tuai yang
tinggi yang biasanya berlaku di peringkat ladang di negara-negara
membangun dan pendapatan petani sangat terjejas. Kajian untuk
menentukan faktor-faktor yang mempengaruhi kerugian pasca tuai tomato di
peringkat ladang perlu dijalankan. Adalah didapati aplikasi amalan pasca tuai
berkorelasi negatif dengan kerugian pasca tuai, kajian untuk menentukan
faktor-faktor yang mempengaruhi pekebun tomato terhadap aplikasi amalan
pasca tuai perlu dilakukan. Objektif utama kajian ini adalah untuk
menganggarkan kerugian pasca tuai tomato segar di Cameron Highlands dan
Lojing Highlands.

Teknik kombinasi pensampelan rawak pelbagai peringkat dan teknik
pensampelan bola salji digunakan untuk memilih responden penanam tomato
dan peniaga utama di pelbagai peringkat rantaian bekalan tomato. Data
dikumpul melalui temubual peribadi menggunakan soal selidik berstruktur
daripada 133 responden yang terdiri daripada 110 pekebun tomato, 11
pengumpul sayur-sayuran, 4 peniaga pasar borong dan 8 peniaga runcit.
Analisis deskriptif digunakan untuk merumuskan profil sosioekonomi dan



demografi responden dan anggaran kerugian pasca tuai tomato. Analisis khi-
kuasa dua digunakan untuk menentukan kaitan antara pelaksanaan amalan
pasca tuai dengan profil sosioekonomi dan demografi responden. Analisis
faktor dan analisis regresi berganda linear digunakan untuk menentukan faktor-
factor yang mempengaruhi kerugian pasca tuai tomato di peringkat ladang.
Analisis regresi logistik digunakan untuk menetukan faktor-faktor yang
mempengaruhi responden terhadap aplikasi amalan pasca tuai.

Hasil kajian mendapati kerugian pasca tuai di peringkat ladang, pengumpul
sayur-sayuran, pasar borong dan peniaga runcit masing-masing adalah 5.43%,
2.79%, 0% dan 11.51%. Keputusan analisis regresi berganda menunjukkan
bahawa kemahiran penuai dan pelaksanaan amalan pasca tuai didapati
memberi kesan mengurangkan kerugian pasca tuai tomato segar di peringkat
ladang. Disebaliknya, kaedah penuaian, penyimpanan, dan pemprosesan dan
pembungkusan yang kurang baik merupakan faktor-faktor yang
menyumbangkan kepada kerugian pasca tuai tomato segar di peringkat ladang
dan keputusan ini menyokong hipotesis kajian ini. Hasil analisa khi-kuasa dua
menunjukkan bahawa umur, pengalaman dan tahap kesedaran pengetahuan
para petani berkait rapat dengan pelaksanaan amalan pasca tuai. Berkenaan
dengan faktor penentu yang mempengaruhi petani terhadap pengamalan
amalan pasca tuai, hasil dari analisis regresi logistik menunjukkan bahawa
pengalaman, pengetahuan serta kesedaran tentang amalan pasca tuai dan
persepsi terhadap amalan pasca tuai didapati signifikan secara statistik dengan
petani yang mengamalkan amalan pasca tuai dengan tujuan mengurangan
kerugian pasca tuai.

Penggubal dasar harus mencari jalan untuk meningkatkan pengetahuan petani
mengenai amalan pasca tuai dan juga meningkatkan persepsi mereka mengenai
faedah amalan pasca tuai terhadap kerugian pasca tuai. Dengan itu, lebih
ramai petani akan mengamalkan amalan pasca tuai sepertimana yang
disarankan. Kajian ini dapat menambahkan kepada pengetahuan tentang
kerugian pasca tuai sepanjang rantaian bekalan makanan dengan
meningkatkan pemahaman tentang masalah kerugian pasca tuai, khususnya
rantaian bekalan tomato segar di Malaysia. Langkah-langkah dan intervensi
yang berkesan dapat ditentukan berdasarkan faktor-faktor yang
mempengaruhi kerugian pasca tuai yang telah dikenalpasti. Oleh itu,
pengurangan kerugian pasca tuai dapat dicapai, dan seterusnya prestasi
perniagaan pekebun tomato dapat ditingkatkan.
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CHAPTER 1

INTRODUCTION

This chapter aims to introduce the study undertaken in this thesis. This chapter
begins with a description of the background of the study. Furthermore, an
overview of the tomato production, current practices, tomato supply chain,
current marketing, and key activities of the study are discussed. The issue of
postharvest losses and factors contributing to postharvest losses are also
discussed. Then, it proceeds with a discussion on the problem statement and
research gaps. The general research objectives and the specific objectives of
this research are presented. The significance of the study, scope, and limitations
of the study are also presented in this chapter. The chapter concludes with the
organization of the thesis.

1.1 Background of the Study

To ensure the availability of food to meet the demand of the world rapid growing
population that is projected to reach 9.7 billion people by 2050 (UN, 2015), the
annual global food production will need to be 60% more than it was in 2006
(Kitinoja, Saran, Roy & Kader, 2011; Lipper, McCarthy, Zilberman, Asfaw &
Branca, 2015). This can be a very daunting task especially when the world is not
only facing the climate change, the world is also facing the challenge of
sustainable use of limited natural resources such as limited fertile land,
decreasing water for agriculture and increasing energy cost (Adeoye, Odeleye,
Babalola & Afolayan, 2009; Lipper et al., 2015). The international community has
been recognized that climate change can have significant negative impacts on
food production and food security (Frank, Witzke, Zimmermann, Havlik & Ciaian,
2014; Iglesias & Quiroga, 2011; Lipper et al., 2015). Food losses and food waste
(FLW) are perennial issues worldwide and widely acknowledged as one of the
main contributors to food insecurity. It is a sad realization that about one-third of
the food produced globally which is equivalent to about 670 million metric tonnes
of food suitable for human consumption is thrown away in high-income countries
each year and 630 million metric tonnes in low- and middle-income countries, a
total of 1.3 billion metric tonnes whether intentionally or unintentionally by both
consumers and food supply chain (FSC) players, affecting not only our economy,
our well-being but also our lovely environment (Gustavsson et al., 2011). The full
economic costs on global FLW are substantial and amount to about USD 1 trillion
a year (FAO, 2014). Food losses and waste has significant negative economic
impacts for farmers and other key players along the FSC and translate into
higher food price for consumers (FAO, 2017).

Postharvest losses (PHLs) refer to the measurable quantitative and qualitative
agrifood losses that occur along the FSC from the time of harvest to processing,
transportation, and marketing, to the final consumption by the consumer (de
Luciaand Assennato, 1994; Parfitt et al., 2010; Kitinoja et al., 2011; Kiaya, 2014;



Emana et al., 2017). Postharvest losses may reduce food availability in the
market, which may cause food prices to increase (Liu & Rezaei, 2017).
Reducing PHLs along the FSC is therefore increasingly getting concerned and
attention of the world and can be a complementary solution to increase the food
availability to ensuring future global food security (Aulakh & Regmi, 2013;
Kummu et al., 2012; Parfitt et al., 2011; FAO, 2009). Reduction of PHLs can
also be easing the challenges of limited natural resources where less land,
less water, and less energy needed for food production (Kader, 2003).
Postharvest losses of horticultural crops are significant and very common
in low-income countries. Highly perishable fruit and vegetables undergo the
greatest proportion of PHLs in low-income countries; almost half of all fruits and
vegetables produced are lost and wasted along the FSC (Parfitt et al., 2011). In
Malaysia, postharvest losses of vegetables are estimated to be about 20-50%
(Aini, Sivapragasam, Vimala, & Mohamad Roff, 2005). Postharvest losses
occur throughout the FSC, at any postharvest activiies such as
harvesting, sorting and grading, packaging, storage, transportation, and
sales and marketing (FAO, 2011). Postharvest losses are a major issue in
tomato supply chains, particularly in the hot and humid tropical climates, as
high as 40% of harvested fruits are loss and waste along the supply chain
(Macheka et al., 2018). A study carried by Humam et al. (2011) on five tomato
farms in Cameron Highlands reported PHLs of tomato from farm to retailer were
25.7%.

Tomato (Solanum lycopersicum) is one of the most important and extensively
consumed vegetable crops in the world with an estimated world production of
146 million tons (Monte et al., 2013). Indeed, it is also a major and important
vegetable crop in terms of popularity and market value in Malaysia. Tomato is a
highly perishable vegetable and reported to have high postharvest losses
mainly due to mechanical injuries and physiological disorders (Humam et al.,
2011), which brings substantial loss to the farmers and other key players
along the agrifood supply chain, hence to the national economy. The
market value of tomato has increased from RM 64 million in 2009 to almost
RM 1.9 billion in 2018 based on wholesale price. In general, tomato
production continues to indicate strong growth. Tomato production in Malaysia
is mainly cultivated in highlands and concentrated in Cameron Highlands,
Pahang (62.11%), Lojing Highlands, Kelantan (35.0%), and other areas include
Kinta, Perak (2.15%) and Kundasang, Sabah (0.74%) based on production in
2018 (MOA, 2019). Under the Economic Transformation Program (ETP), the
Entry Point Project 7 (EPP 7) for Agriculture Sector, National Key Economic
Area (NKEA), tomato together with lettuce and capsicum have been identified
as the three high-value highlands vegetable crops with enormous potential for
export (MOA, 2010).

Tomatoes are consumed either sliced fresh in salads, sandwiches, or use in
their recipes as the flavorful main ingredient for sauces, soups, meat or fish
dishes, and vegetarian dishes (Kojo et al., 2015). Besides tasting delicious,
tomatoes also are an excellent source of vitamins, minerals, and dietary fibers
which play a very significant role in a well-balanced diet (Adeoye et al., 2009;
Kader, 2013). Lycopene, an oxygenated carotenoid pigment with great
antioxidant properties in tomatoes are associated with lowering the risk of
cancer and cardiovascular-related diseases (Riccioni et al., 2008).
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1.2 Tomato Production in Malaysia

Vegetables can be classified based on edible parts of the plant such as leaves,
stem, fruits, pods, flowers, roots, bulbs, tubers, and seeds (Major, 2017). Table
1.1 shows the planted area of tomato is the lowest among other vegetables, but
it has increased almost double from 1,451 ha in 2011 to 2,831 ha, reaching the
peak in 2013 due to the high ex-farm price of RM 4.50 per Kg in 2013 (The Sun
Daily, 2014). The high price attracted hundreds of farmers rush to switch to
plant tomato and results over-production of tomato in early 2014, causing the
price to reach rock bottom at RM 0.20- 0.30 per Kg. The high fluctuation in the
tomato price was a big loss to the farmers and because of this incidence, the
tomato planted area had reduced and remained at a lower figure of
around 2000 hectares from 2014 and 2019. Generally, the crop cycle for
tomato is 180 to 240 days per cycle, farmers are easily switching whether to
plant a tomato or not based on the market price of tomato. Therefore, the
planted area of tomato also fluctuates every year. In terms of production,
tomato is the most important vegetable among the local vegetables from
2016 to 2019 (Table 1.2). In general, tomato production continues to indicate
steady growth. In 2018, the production was 199,422 metric tonnes and
amounted to RM 558.34 million in terms of value based on ex-farm price (Table
1.3). About 70% of the production is consumed locally, while 25% is exported
to Singapore and 5% to countries, such as United Arab Emirates, Hong Kong,
and the Maldives (Chai, 2017).
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Table 1.2: Production of Selected Vegetables, 2014-2019

Production (metric tonnes)

Crop
2014 2015 2016 2017 2018 2019¢

Spinach 51,286 | 48,357 | 54,823 | 71,180 | 72,308 | 75,960
Kangkong 41,395 | 45,287 | 45,042 | 58,880 | 57,140 | 60,508
Cabbage 301,318 | 277,202 | 101,258 | 77,342 | 80,641 | 83,600

Lettuce 67,320 | 66,006 | 65,268 | 40,358 | 46,114 | 51,647
Mustard 275,732 | 216,353 | 224,126 | 142,764 | 128,742 | 133,540
Tomato 162,384 | 165,177 | 242,946 | 188,185 | 199,422 | 205,550
Chilli 40,521 | 47,015 | 43,738 | 27,358 | 24,428 | 26,354
Long Bean 53,549 | 69,295 | 63,473 | 58,808 | 57,104 | 60,508
Brinjal 48,702 | 50,224 | 46,557 | 40,418 | 39,311 | 41,754

Cucumber 97,331 | 100,817 | 97,621 | 88,492 | 85,134 | 93,310

[Source: MOA (2016; 2017; 2018), DOA (2019)]

Table1.3: Sales Value of Selected Vegetables, 2014-2018

Sales Value'! (RM ‘000)

Crop
2014 2015 2016 2017 2018

Spinach 69,237 71,729 93,200 121,006 110,269
Kangkong 55,884 63,401 63,058 75,555 71,509
Cabbage 331,670 401,943 182,265 100,545 120,962

Lettuce 179,744 240,922 212121 137,218 125,660
Mustard 603,854 499,776 542,385 371,188 328,293
Tomato 341,006 359,259 425,156 338,734 558,383
Chilli 213,139 281,307 327,598 188,773 158,377
Long Bean 155,292 162,843 222,155 176,424 154,180
Brinjal 109,579 135,604 111,718 103,065 106,141

Cucumber 102,198 115,939 159,122 159,286 106,418

Note: ' Based on ex-farm price
[Source: MOA (2016; 2017; 2019), DOA (2019)]

Table 1.4 shows the average yield of tomato total about 94.9 metric tonnes per
hectare in 2018, increased by about 40% against the average yield five years
ago. The average yield attained its peak level in 2017 to 97.0 metric tonnes per
hectare. In 2019, Malaysia exported a total of 43,804 metric tonnes of
tomatoes, remaining stable as compared to the previous year. However, the
export figure in 2019 was decreased by 14.3% against 2016. Singapore
was the main destination for tomato export from Malaysia, followed by
the United Arab Emirates. Nevertheless, tomato also imported into Malaysia,



about 1,806 metric tonnes were imported in 2019, decreased by 61.1% against
the previous year. Tomato has recorded a self-sufficiency ratio (SSR) of more
than 100% and per capita consumption (PCC) of 5.4 Kg per year in 2016
(DOSM, 2017). Tomato is also the most frequently consumed fruits vegetable
among Malaysian adults after cucumber (Othman, Karim, Karim, Adzhan &
Halim, 2013).

Table 1.4: Production, Yield, Exports, Imports, Per Capita Consumption
and Self-sufficiency Ratio of Tomato, 2015-2019

Item 2015 2016 2017 2018 2019¢
Production (mt) | 165,177 | 242,946 | 188,185 | 199,422 205,550
Yield (mt/ha) 83.2 86.9 97.0 94.9 86.8
Imports (mt) 5,988 2,577 3,618 4,646 1,806
Exports (mt) 43,838 51,110 47,165 44,445 43,804
PCC
(kg/person/year) 3.5 54 3.9 4.2 NA
SSR (%) 131.8 125.0 130.1 126.5 NA

[Source: DOSM (2017; 2018; 2019; 2020), DOA (2019)]

Tomato production is mainly concentrated in Highlands such as Cameron
Highlands (1,214 Ha), Lojing Highlands (692 Ha), and Kinta (152 Ha), about
1,000 meters above sea level (DOA, 2019). The good climate conditions and the
year-round cool temperature in the highlands have greatly contributed to the
production of temperate vegetables both for local and export markets. Tomato is
currently the most important vegetable crop in Cameron Highlands and Lojing
Highlands. It is cultivated all over the district with heavily concentrated in the
northern region of Cameron Highlands and Lojing Highlands. Given the changing
scenario that encourages more private investment, most farmers in Cameron
Highlands and Lojing Highlands have gone for hi-tech horticulture with micro-
propagation, protected cultivation under greenhouses or rain-shelter structures,
drip irrigation, fertigation, and integrated nutrient and pest management, besides
making use of latest post-harvest measures particularly in the case of perishable
fruit and vegetables such as tomato. With the favorable weather condition and
the year-round cool temperature, Cameron Highlands and Lojing Highlands
areas are contributing to the production of superior quality tomatoes throughout
the year.

1.2.1 Current Practices in Tomato Production

Tomato production in Cameron Highlands and Lojing Highlands requires high
cost and labor-intensive attempts to produce high-quality fruit. Tomato can be
grown in open fields or under protected cultivation. Most tomato farmers have
shifted their farming technique from conventional open filed planting to a more
environmental sustainability and high-yielding farming practices, greenhouse, or
rain-shelter production supported with drip irrigation, fertigation, integrated
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nutrient, and pest and disease control management. With the favorable climate
conditions in the highlands, tomato can be grown all year round. The duration for
one cycle of tomato production is about 5-8 months. The growth stage of tomato
is not long and can be harvested in about 60 days after transplanting and the
harvesting period lasts for about 3-6 months. On average, farmers can expect to
have 25,000-26,000 plants (2 plants/polybag) in one hectare under the rain-
shelter structures. Most farmers use coco-peat as the planting media. The
average yield of tomato under the rain-shelter planting is around 4-5 Kg per plant
depends on the farmers’ experiences and their management. The average yield
reported in 2018 was 97 metric tonnes per hectare (DOA, 2019). The common
and popular tomato varieties grown in Cameron Highlands and Lojing Highlands
are F1 hybrid Var Syngenta 1039 and F1 hybrid 344. The fruits are mainly flat-
round, firm with excellent shelf-life.

Accompanied by Agriculture Officers and Officer from FAMA, the author of this
thesis was able to visit a few of the production sites and obtain an overview of
all the current farming practices, varieties grown, and preharvest factors that may
influence on PHLs. As reported by Mohammed and Craig (2018), one of the
critical loss points of tomato production was at harvest where the losses were
considered to be highest. Therefore, to avoid high PHLs at harvest, the tomato
should be harvested at the proper stage of maturity, the fruits should be
harvested from the tree with care and the time of harvesting are important
considerations during harvesting (Esguerra and Rolle, 2018). Tomatoes were
mostly harvested by the workers in the morning, during the coolest time of the
day and some were in the evening depending on the commitments of farmers
with the transporters. Most farmers harvest the fruits by hand and fruits were
harvested at the mature green stage (Index 2- shiny, light green surface) or
partially ripe at index 3 (break color, orange-red covering almost 50% surface).
Tomato quality at harvest is primarily based on uniform shape and size, free from
pest and disease attack, and free from handling defects. Several farmers opted
for preliminary field sorting to remove decayed or defect fruits from the plants
during the harvesting process. Harvested tomatoes were placed into picking
containers such as pails or plastics crates. Each crate holds about 10-20 Kg of
fruits. Even though the harvesting containers or the crates were supposed to
clean and sanitize at the end of every harvest day to remove soil and field debris
to avoid contamination, but most farmers did not clean it the containers after
every harvest day. Once the harvesting is completed, fruits were transported
from the field to the packinghouse often adjoining the house or centralized
packinghouse outside the farm. Most farmers owned a unit of small processing
machines to sort and grade the fruits. Sorting to remove mechanical injuries and
unmarketable fruits are carried out based on visual observation and grading by
size based on diameter. Washing is seldom practiced by the small-scale farmers
and the water quality is also questionable. The commercial or large-scale
farmers process their fruits using high-technology sorting, grading, and
packaging machines which start with washing, sorting by size based on weight,
by color index, and packed into 10-Kg carton boxes. Fruits with mechanical
damage such as cuts, punctures, bruises and scars, and unmarketable fruit such
as immature green and red over-ripe fruits, off size fruits, and physical aesthetic
defect fruits were removed before packing into the carton boxes.



1.2.2 Tomato Supply Chain

The fruits and vegetables move from the farm to the consumers through several
marketing channels. The distribution chain for vegetables in Malaysia is primarily
dominated by wholesalers where they play a significant role in the marketing of
vegetable products (Man, Nawi, & Ismail, 2009). Consequently, small-scale
farmers mainly rely on collectors/wholesalers in the marketing of their produce.
Almost 63.6% of the farmers sold their vegetables to the wholesalers direct or
indirectly (Man, et al., 2009). Fresh fruits and vegetable retailers in Malaysia
mainly consist of supermarkets/Hypermarkets and the traditional wet market
(Zakaria and Rahim, 2014). The traditional wet market retailers generally depend
on the wholesalers for the supply of vegetables whereas the retail chains such
as hypermarket/supermarket that require more secure, better quality produce,
bigger volume and consistent supply normally get their supply direct from
commercial farmers or the intermediaries instead of direct from the small-scale
farmers because the production volume from a single farmer is insufficient or
large enough to fulfill their demand volume.

Agricultural marketing in Malaysia is experiencing a great transformation in
response to the increase of disposable income and the purchasing power of
consumers. Rapid industrialization, great urbanization, more than 60% of
Malaysia’s populations live in the urban areas with a greater awareness of food
safety, food quality, and more health-conscious hence began to demand higher
quality and safe fruits and vegetables at reasonable prices (Arshad, Mohamed,
& Latif, 2006; Arshad, 2010). The increase of per capita income levels of
households is influencing the major changes in food demand patterns where the
consumers tend to demand better quality food (Regmi, et al., 2001).

The tomato supply chain (Figure 1.1) involves tomato farmers, collectors/
transporters, wholesalers, retailers, and customers. It can be noticed that the first
level of the supply chain is farmers where the physical product is harvested and
travel all the ways until it gets to the consumer. Generally, the small-scale
farmers in Cameron Highlands and Lojing Highlands depend on
collectors/transporters or wholesalers for the marketing of their tomatoes as
most of them do not have direct relations with the retail chains such as TESCO,
Giants, AEON, and Aeon Big. Most of the small farmers are not able to meet the
stringent product specification and strict quality requirements imposed by the
retail chains. Some of the farmers do not have logistics facilities to deliver their
tomatoes directly to the customers. Therefore, the transporters played a
significant role in the SC of tomatoes in Cameron Highlands and Lojing
Highlands. Some of the transporters act as collectors and play the role of
intermediaries between the farmers and the wholesalers. Although FAMA also
plays the role of a collector and has provided support to the small-scale farmers,
most farmers still prefer to deal with the local collectors, transporters, and
wholesalers for better price and FAMA has been known as the buyer of last
resort particularly during glut market.
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Figure 1.1: Tomato Supply Chain in Malaysia
[Source: By the author after getting information from FAMA and DOA (2019)]

With about 70% of the fresh fruits and vegetables are being purchased through
hypermarkets/supermarkets (Abdullah et al., 2011), tomato farmers could either
group together and/or sell their produce direct to or through the intermediaries
such as collectors or wholesalers who also act as processors who then
consolidate and packing, then sell it to the retail chain stores. The procurement
practices of retail chain stores are normally emphasized on quality and safety
standards, big volume but require consistent supply, competitive pricing, value-
added such as packing and packaging, and relatively longer payment terms
which have big challenges for the small farmers to fulfill. Some of the large-scale
farmers are also acting as collectors buying tomatoes from the small-scale
farmers, then consolidate, sort, grade and package the tomatoes at their
consolidation, processing, and packaging center. They deliver the products
using their own ambient or cold trucks to the buyer or export their tomatoes using
refrigerated containers to their oversea buyers. In other words, the supply chain
of these farmers is shorter as compared to those who sell through transporters,
then to wholesalers.



About 25% of the tomato productions are exported to Singapore and 5% to
countries such as the United Arab Emirates, Hong Kong, and the Maldives (Chai,
2017). Tomatoes exported to Singapore will be delivered using cold trucks.
Whereas tomato exported to other countries will be shipped by using refrigerated
containers and this normally happened from April to December when there is a
shortage of tomato in these countries.

1.2.3 Current Marketing System and Key Activities of the Study

Discussions with farmers, the secretary of Cameron Highlands Vegetable
Grower Association, the secretary of Lojing Vegetable Grower Association,
officers from FAMA Brinchang, MARDI Tanah Rata, DOA Brinchang and TKPM
Lojing and empirical evidence suggest that the demand for fresh tomatoes is
strong throughout the year, particularly after the expansion of the export market
to the United Arab Emirates. There is general agreement that the wholesalers
and the supermarkets/hypermarkets are the largest buyers, but the collections
or distribution of tomatoes is still in the hands of collectors or transporters who
act as intermediaries, and there is normally no true storage other than
intermediaries just holding the tomatoes bought from the farmers for an average
of 1-2 days. Small-scale farmers were mostly not organized when it came to the
marketing of their products. They were engaged in individual production, looks
for the buyer and therefore most of them had no group bargaining power. The
intermediaries play an important role in the distribution of tomatoes to wholesale
markets, supermarkets/hyper- markets, and export markets after buying directly
at the farm-gate.

Figure 1.2 shows the flow of the tomato supply chain after inserting the stages
of the postharvest handling practices for tomato within the SC from the point of
harvest to consumption. According to Mohammed and Craig (2018), the three
critical loss points where losses were considered to be highest, were at harvest,
the packinghouse, and the display at retail marketing. The potential Critical Loss
Points (CLP) for this study were identified. The harvesting stage served as the
first CLP, sorting, and grading at farmer’s packing house as second CLP,
temporary storage, transportation, and selling were other CLPs at the farm level.
Sorting and grading and transportation were the CLPs at the collector level. At
the wholesale markets and retailers or the supermarket/hypermarket levels, the
potential CLPs identified were at transportation, display, and selling stage,
sorting and grading, and storage stages. According to Mohammed and Craig
(2018), the three critical loss points where losses were considered to be highest,
were at harvest, sorting and grading at the packinghouse and the display at retail
marketing. The quantitative losses based on weight were estimated by the
respondent from their memory or guided by the enumerators to weight at the
CLPs. The percentage of losses was calculated based on total tomato harvested
or processed or purchased of the day or batch at each CLP. Total post-harvest
losses were obtained by cumulating the losses reported at each CLP and each
level of the tomato supply chain.
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1.3 Postharvest Losses and Factor Contributing to Postharvest Losses

Postharvest losses refer to a decrease in the quantity or quality of agrifood that
occur along the food supply chain from the time of harvest to the final
consumption by the consumer (de Lucia & Assennato, 1994; Parfitt et al., 2010;
Kitinoja et al., 2011; Kiaya, 2014; Emana et al., 2017; Liu & Rezaei, 2017). The
concept PHLs are thereby often related to the malfunctioning of the food
production and supply system which may due to managerial and technical
limitations, such as a lack of proper storage facilities, cold chain, proper
postharvest handling practices, infrastructure, packaging, or efficient marketing
systems ( Parfitt et al., 2010; Liu & Rezaei, 2017). Hence, the causes of PHLs
are not intentional.

Postharvest losses can be in the form of quantitative as measured by decreased
weight or volume or can be qualitative such as reduced nutrient value and
undesirable changes in taste, deterioration in texture, color, or aesthetic physical
appearance of food (Buzby & Hyman, 2012). Quantitative PHLs refers to the
edible food available for human consumption but being discarded and not
consumed due to factors such as spillage and other unintended losses along the
food supply chain (Aulakh & Regmi, 2013; Buzby & Hyman, 2012; Hodges,
Buzby & Bennett, 2011). The qualitative PHLs can occur as a result of either
physical changes or chemical changes, the incidence of pest and disease or
postharvest handling, and by contamination of mycotoxins and pesticide
residues (Aulakh & Regmi, 2013). Generally, quantitative PHLs are much easy
to measure or to estimate. Whereas qualitative losses which are more subjective,
more complicated, and difficult to measure directly (Kader, 2005).

In this study, PHLs refer to food that is originally intended for human
consumption, regardless of causes but has been lost or wasted along the supply
chain before the consumer level in mass or weight. In other words, the
quantitative losses due to spillage and other unintended losses along the fresh
tomato supply chain will be considered in this study as they are the ones that
can be directly measured. The approach on PHLs estimation suggested by
Aulakh and Regmi (2013) was adopted in this study where the amount of PHLs
can first be determined at the identified critical loss points (CLPs) or targeted key
process activities in each stage of the food supply chain and the total sum of
PHLs at any postharvest stage will then be obtained by cumulating all food
losses occurring at each of CLPs of the particular postharvest stage. For
example, the PHLs at the farm level can be estimated in terms of percentage
losses to the total production volume (Aulakh & Regmi, 2013; Sharma & Singh,
2011) and the losses at the collector, wholesaler and retailer levels can be
estimated based on percentage losses against tomato purchased or received
from the sellers.

Factors or causes contributing to postharvest losses include production
practices, harvesting to handlings, processing, weather conditions, management
decisions, farming experiences, sorting and grading issues, infrastructure,
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attitudes, consumer preferences, and availability of financial markets and many
more (Aulakh and Regmi, 2013). Overall, the literature review on PHLs of tomato
was between 20-50%. Table 1.5 presents some findings on PHLs of tomato
across the 4 levels of AFSC i.e. farm, collector level, wholesale, and retail
markets. Losses at the farm level varied from 2% to 40% and most studies found
that the losses were above 10%. The losses at retail markets varied from 3% to
50% and many were reported below 10%. If all PHLs have the same degree of
variability, this indicates that there is a high level of uncertainty and skepticism
about the PHLs statistics. A panel data study by Mbuk et al. (2011) found that
PHLs of tomato retailers in Uyo, South Africa were over 50% of the total tomato
production and these losses were mainly due to inappropriate postharvest
handling. A trace-back study by Underhill and Kumar (2015) found that 32.9% of
the harvested tomato was removed from the food supply chain due to poor
temperature management, poor on-farm hygiene, rots, failure to ripe, insufficient
volume to fill up a carton, physical damage during transportation and fruit being
over-ripe. In Malaysia, the study of Humam et al. (2011) using sampling
technique from 5 tomato farms in Cameron Highlands found that PHLs for tomato
were 25.7% with highest at the retail stage (8.1%) followed by wholesale (7.5%),
collector (5.4%) and farm (4.7%). The losses were mainly caused by mechanical
injuries due to inappropriate postharvest handling and physiological disorders.
Besides, a study carried out by FAO found that total PHLs for tomatoes were
measured at 34 percent (11% at field harvest, 10.5% at the packinghouse,
12.5% at retail marketing) and the losses were mainly due to physical damage
(compression, punctures, bruises, and shoulder scars), physiological disorder
(cracks, blossom end rot, puffiness, and aesthetic defect fruits), pathological and
entomological leading to unmarketable fruit (Mohammed and Craig, 2018). A
recent study by Wigati et al. revealed that 53.2% of the total tomato production
from West Java Province, Indonesia did not make it to the table where 11.2%
were lost at the farm level, 10% at the middlemen level, 20.6% at retail wet
market level and 11.4% the final consumer level. The unmarketable fruits were
mainly because of fruits being attacked by pest and disease due to poor farm
management and mechanical damage fruits due to poor postharvest handling
practices such as poor and rough handling, lack of knowledge on sorting and
grading process and inappropriate packaging. Another study by Abera, et al.
(2020) revealed that PHLs of tomato of 20.5%, 8.6%, 2.9%, and 7.3% at the
producers, wholesalers, retailers, and hotel and cafe level respectively were
recorded with a total loss of 39.3% in Ethiopia. The losses were mainly due to
poor and carelessness handling, lack of temperature management, and no/poor
sorting of fruits. Field, transportation, and market display were maijor critical loss
points identified. This PHLs research is clear evidence that PHLs of tomatoes
are a problem, particularly at the farm level and it is worthy for further study
overall in the fight against food insecurity.
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Table 1.5: Postharvest Losses of Tomato Production

PHLs (%)
Country Source
F Cc ws R
Malaysia 4.7 54 7.5 8.1 Humam et al., 2011
Vietnam 8.0 40 4.0 30 Genova, Weinberger, An,
' ' ) ) et al. (2006)
. Genova, Weinberger,
Vietnam 20 | 1.0 | 70 | 7.0 Chanthasombamget it
(2006)
. Genova, Weinberger,
Cambodia 10 | 20 | 7.0 | 60 | g o dy,g& Yarith
(2006)
. 12.5 3.5 3.5 3.5 Buntong et al. (2013)
Cambodia "S5 50 m | 150 I 5.0
Jordan 5.8 4.9 1.3 4.5 Awaidah (2010)
Bangladesh 6.9 9.1 8.1 8.9 Hassan et al. (2010)
Fiji 26.4 0.1 - 6.4 Underhill & Kumar, (2015)
Ghana 40.0 - - - Aido et al. (2014)
Ghana 23.7 - - - Addo et al. (2015)
Pakistan 24.0 - - - Awan et al. (2017)
Pakistan 20.0 - - - Rehman et al. (2007)
Emmanuel and
Cameroon IS0 CuulE. 1 " | Kamtchouing (2016)
Nigeria - - - 50.0 | Mbuk et al. (2011)
Indonesia 11.2 10.0 - 20.6 | Wigati et al. (2019)
Ethiopia 20.5 - 8.6 29 Abera et al. (2020)
India 15.2 - - 8.0 Sharma and Singh (2011)
India 13.3 34 6.9 8.6 Gupta (2018)
Guyana 20.5 - - 12.5 | Mohammed and Craig
(2018)

Note: F= Farm, C= Collector, WS= Wholesaler and R= Retailer
[Source: Compiled by the author (2020)]

1.4 Problem Statement

Highly perishable fruits and vegetables undergo the highest proportion of PHLs
in developing countries; almost half of the fruits and vegetables produced
globally do not make it to the table (Parfitt ef al., 2011). In Malaysia, about 20-
50% of the fruits and vegetables produce are lost and wasted along the agrifood
supply chain. Nevertheless, the information on the PHLs of vegetables is still
very limited. The lack of clear information on the real and up to date magnitude
of PHLs has been identified as one of the major obstacles in the efforts to achieve
PHLs mitigation (Affognon, Mutungi, Sanginga, & Borgemeister, 2015). In the
absence of reliable information and estimates of PHLs, the ways to develop the
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right policies and effective measures for minimizing such PHLs are becoming
more difficult. There are very few studies attempted to assess the extent and
magnitude of PHLs and identifying factors responsible for the PHLs in
horticulture crops in Malaysia. Historically researchers in developing countries
including Malaysia have primarily been focused study on how to increase the
yield and very limited resources have been emphasized on the reduction of PHLs
(Kitinoja et al., 2011). About 95% of the research resources and investments
were reported focused on how to increase food production and only the balance
5% directed to study how to prevent and reducing food losses (Aulakh & Regmi,
2013; Kader, 2005). In comparison to increase production, the reduction of PHLs
can be a better way to increase the returns and reduce consumer prices (Kader,
2005). There is increased acknowledgment among researchers around the world
that there is a need to reduce PHLs. The situation of food availability to meet the
increasing demand in the future will be changed if success is to be achieved
through the reduction of PHLs. Although there is a lot of discussion on PHLs
along the AFSC information on how to reduce and prevent PHLs in the upstream
of the AFSC, at the primary production or farm level is still lacking (Parfitt et al.,
2010). Based on MARDI estimates, PHLs of fruits and vegetables at the
production levels are about 10-20%, 5-10% during field handling, around 5-15%
at the distribution level, and 3-20% at the final consumption stage (NST, 2016).
According to the study carried out by FAMA in 2014, the PHLs losses of
vegetables at the farm level were 4.1-13.2%, 0.6-6.0% loss at the wholesale
market, and 1.6-4.3% loss at the retailer level (NST, 2016). The PHLs at the farm
level from both MARDI and FAMA was high, and this will affect the farmers’
income more since farmers are not getting optimum production due to the losses.
Quantifying food losses in primary production is not an easy task as the loss
levels vary due to seasonal variation and the sector has not been investigated to
the same extent as other levels of the FSC (Stenmark, Jensen, Quested, &
Moates, 2016). Most of the studies on PHLs are focused either at the retailers’
or at the consumers’ levels along the FSC (WRAP, 2011). The study on PHLs
from the farmers’ perspective is scarce (FAO, 2011). The problem of high PHLs
that usually occur on the farm is an issue in low-income countries (FAO, 2011;
World Bank, 2011) include Malaysia. It is, therefore, necessary to conduct a
study on PHLs along the agrifood supply chain and identifying factors influencing
PHLs at the farm level. Thus, farmers can take proper steps to reduce their
losses and the policymakers can identify the most effective loss-reducing
measures and interventions that believed to be the most beneficial and cost-
effective to address this issue.

Tomato is the most important vegetable crops in Malaysia. The total production
in 2018 was 205,550 metric tonnes. In value terms, tomato production amounts
to RM 558 million based on ex-farm price. In general, tomato production
continues to indicate strong growth. The study of Humam et al. (2011) using a
piecemeal approach to PHLs assessment with only five tomato farmers in
Cameron Highlands revealed that PHLs from farms until retailers were 25.7%
and the losses were mainly due to mechanical injuries from inappropriate
postharvest handling and physiological disorder. Based on the above losses, the
PHLs of tomato in 2018 were estimated to be 52,826 metric tonnes or RM 144
million in terms of value.
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A study conducted by Osman et al. (2009) at different levels of the fruits and
vegetable supply chain in Malaysia to identify postharvest handling practices that
were practiced by the key players, the potential postharvest practices that can
be adopted, and the factors contributing to PHLs of fruits and vegetable. They
revealed that insufficient knowledge of good handling practices,
inefficient/improper handling systems (attitude), insufficient and improper
infrastructure, and insufficient funding were the factors contributing to PHLs to
fruits and vegetables in the country. Serious considerations should thus be given
to creating awareness, not only key players along the supply chain, the
policymakers, and financiers. Without proper knowledge and a good attitude, the
infrastructure will not be appropriately utilized and maintained. Mbuk et al (2011)
study on factors influencing PHLs of tomato in Nigeria revealed that the adoption
of a simple postharvest practice such as storing harvested tomato with paper
covering was negatively correlated with the number of losses reported by the
marketers However, the adoption of the practices was reported low at 6.7% only
in the study area.

To the best knowledge of the author, there is no research study on postharvest
losses of tomato in Cameron Highlands and Lojing Highlands using the approach
of estimating the losses at the identified critical loss points of each of the key
players (farmers, collectors, wholesalers, and retailers) along the supply chain.
There is also no research on determining the factors that influence farmers’
behavior on the adoption of postharvest practices and the factors that influence
the PHLs of fresh tomato at the farm level in Cameron Highlands and Lojing
Highlands. The goal of this study was to extend the effort made by previous
authors by estimating the PHLs of fresh tomato production in Cameron
Highlands and Lojing Highlands using a different approach, sampling method
instead of tracking or direct measurement. As the losses at the farm were
relatively high and farmers’ income was affected the most, it is, therefore,
necessary to conduct a study on determining factors influencing PHLs of tomato
at the farm level. The adoption of postharvest practices is found to be negatively
correlated to PHLs, it is, therefore, necessary to conduct a study on determining
determinants influencing farmers' adoption on postharvest practices.

1.5 Research Questions

From the above, the research questions for this study are:

i What is the extent of PHLs of fresh tomato production in Cameron
Highlands and Lojing Highlands, Malaysia?

ii. What are the factors influencing PHLs of fresh tomato at the farm level?

iii. Is there any association between the adoption of postharvest practices
with socio-economic and socio-demographic characteristics of farmers?
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iv. What are the determinants that influence farmers’ behavior on the
adoption of postharvest practices towards reducing PHLs?

1.6 Objectives of the Study

The general objective of this study is to estimate the postharvest losses of fresh
tomato production in Cameron Highlands and Lojing Highlands, Malaysia.

The specific objectives are:

i. To estimate the extent of postharvest losses of fresh tomato production in
Cameron Highlands and Lojing Highlands.

ii. To determine the factors influencing postharvest losses of fresh tomato at
the farm level in Cameron Highlands and Lojing Highlands.

iii. To determine farmers’ socio-economic and socio-demographic
characteristics associated with farmers’ adoption of postharvest practices.

iv. To determine the determinants that influence farmers’ behavior on the
adoption of postharvest practices towards reducing PHLs of tomato.

1.7 Significance of the Study

Postharvest losses issue along the AFSC is a complex problem. In addressing
the identified research gaps, it is hoped that this study adds to the body of
knowledge of PHLs and AFSC literature by increasing understanding of PHLs
losses problem, particularly tomato supply chain (SC) in Malaysia. Through this
study, specific PHLs estimates on tomato will be identified in the Malaysia AFSC
context and this could provide baseline research for future PHLs for other fruits
and vegetables. To the best knowledge of the author, there is no research
determining the factors that influence farmers’ behavior on the adoption of
postharvest practices and the factors that influence the PHLs along fresh tomato
SC in Malaysia, particularly at the upstream of the tomato SC i.e. at the primary
production level.

It is hoped that this study will have significant practical and policy implications.
PHLs reduction means more food will be available for people and less food going
to landfill. As a result, not only the livelihoods of people will be improved, food
security also will be increased. Identifying effective measures and interventions
based on identified factors influencing PHLs will help to preserve natural
resources for the generations to come. Moreover, through this study tomato
farmers will be able to assess their current postharvest practices and room for
improvement on their business performance. Thus, through the findings of this
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study farmers will be able to decide whether they require any changes in their
existing postharvest practices towards reducing PHLs. The reduction of PHLs at
the farm level will lead to overall business performance (both financial and
operational) of farmers to improve. The reduction of PHLs means the reduction
in energy used, raw materials usage, water usage, and human capital. As a
result, the overall cost of production will be decreased, and the income of farmers
will be increased. On the other hand, consumers can enjoy affordable and more
reasonable food prices.

The policymakers could use these findings to devise effective interventions and
measures to reduce PHLs and increase income among the farmers, particularly
the smallholder farmers. Hence, policymakers should find ways to organize
training for farmers to increase the level of awareness on postharvest practices
towards reducing PHLs as it has a substantial impact on PHLs levels in the
primary production level. The current study is therefore can act as a platform for
the policymaker, government, and relevant agencies to formulate PHLs
reduction measures.

1.8 Scope of the Study

To feed the rapidly increasing world population, increasing food production alone
will not be able to meet future food demand due to the challenge of climate
change and increasingly limited natural resources. Reducing PHLs has been
recognized as another way to increase food availability, and at the same time to
easing the challenge of limited natural resources and to strengthen food security.
PHLs issue along the supply chain is a complex problem and proper
understanding of the issues with up-to-date data and information on the losses
is important to develop strategies to curb losses along the food supply chain.

In Malaysia, tomato is the most important highlands vegetable with enormous
potential for domestic and export markets. The production is throughout the year
and the PHLs are high along the fresh tomato supply chain. Thus, its selection
for this study towards PHLs reduction is appropriate. The production of tomato
is concentrated in Cameron Highlands, Pahang, and Lojing Highlands, Kelantan.
The scope of the study is delimitated to only estimate the postharvest losses of
fresh tomato production, from farmers to retailer levels, based on the
measurement of % weight loss. But the focus will be at the upstream of the fresh
tomato SC on factors influencing PHLs at the producers’ level. Losses occurring
at the pre-harvest and waste occurring during the final consumption stage were
not factored in this study.

1.9 Organization of the Thesis
This thesis is organized into 5 chapters covering different areas of the study.

Chapter 1 is the introduction, gives a wider knowledge about postharvest losses,

18



and a clear picture of the problem involved in conducting the study. It consists of
a background of the research problem, the problem statement, objectives, and
significance of the study, scope, and limitation of this study. Chapter 2 provides
literature reviews of the most recent and relevant studies in this field. Chapter 3
provides the methodology and data source. Chapter 4 discusses and presents
the results based on the objectives of this study, including the socio-economics
characteristics of tomato farmer respondents, estimation of PHLs fresh tomato
production along the AFSC, factors influencing PHLs, and causes of losses.
Chapter 5 The concluding section summarizes the major findings, contributions
of the study, and recommendations for future studies.
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