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EXECUTIVE SUMMARY

In Indian economy, the role played by agricultural sector happens to be quite
crucial in nature and has witnessed massive structural changes in terms of decline
in share of Gross Domestic Product (GDP) from 30% in 1990-91 to 17% in 2016,
thereby signifying a change from the conventional agrarian economy towards a

service oriented economy.

Despite of the fact that there has been a constant decline of the share of agriculture
in GDP, almost 58% of the total manpower is still engaged in agriculture sector to
earn their livelihood. The massive changes introduced in agricultural sector has
resulted in a scenario, which leads to a significant focus of diversification of
attention towards horticulture amounting to more than 30% of the share in total
agricultural output. The increased shares of horticulture in the agriculture & allied
imply that they have been growing at a much faster rate than the traditional crop

sector.

The Fruits and Vegetables (F&V) sector has been a driving force in stimulating a
healthy growth trend in Indian agriculture. Given the rising share of high-value
commodities in the total value of agricultural output and their growth potential, this
segment is likely to drive agricultural growth in the years to come. It has the
potential to be the world’s largest food producer, which is bestowed with large
base of natural resources in the world, and several factors like increasing
urbanization, nuclear families, working women, disposable income and changing
lifestyles are gearing up the Indian food supply chain for a better future. Organised
retail and private label penetration, demand for functional food, and increased
spending on health food are some of the primary drivers for the growth of this
sector. Research reveals that close to 90% of food expenditure of Indian consumer
is spent on fresh food with majority of the sales share constituting vegetables and
fruits. As the population is increasing, the demand for such food is also increasing
and to meet this increasing demand and provide food in proper quality and
nutrition, the supply chain plays a very vital role in this sector and becomes even
more critical because of perishability and very short shelf life. Supply Chain
Management (SCM) not only helps to cut costs but also adds to maintain and

improve the quality of products delivered, which are perishable.



India popularly known as F&V basket of the world. It is the second largest
producer of overall F&V production in the world, after China and one of the
centers of origin of F&V with the total production of 92.84 million metric tonnes

of fruits and 175.19 million tonnes of vegetables till the year-end 2017.

The trend suggests that horticulture sector is anticipated to perform a crucial role in
Indian economy for the forthcoming years in the domain of agricultural
development. It also has tremendous potential to push the overall agriculture
growth and contributes 30% of agricultural GDP.

India is among the world's largest food producer and serving the food consumer all
across the globe. Despite second largest food producer in the world, the customers
in India are not getting the fresh produce in proper quality, in a right time and at a
right cost. India, the world’s second largest F&V producer, is also one of the
biggest wasters in the world. Each year, billions of tons of fresh food items with
millions of dollars' worth lost due to the inadequate supply chain. Around 30%-
40% of the total production, around Rs. 2-3 lakh crore worth of F&V in India is
wasted due to the inefficient supply chain. The entire supply chain is suffering
from maximum inefficiencies, which are resulting in massive amount of losses and
wastages and has become one of the major impediments in the growth of

agricultural sector.

Therefore, there is an absolute need of further research in this domain in order to
comprehend the issues in SCM in a full-fledged manner and to figure out the scope
for growth and at the same time target for reduction in supply chain inefficiencies.
The above business problem motivated the researcher to conduct this study. Based
on this problem, an extensive literature review was carried out under nine themes,
which were aimed to understand the past research conducted in the area of the

supply chain of F&V sector and approaches for improving supply chain efficiency.

Various studies have been conducted on F&V supply chain in general, but there is
a lack of study on supply chain efficiency specifically to F&V sector. Also, the
weak links and constraints responsible for supply chain inefficiency in different
stages of F&V sector and the measures to improve supply chain efficiency are not

known. Further, there is a lack of a framework for improving supply chain



efficiency of F&V sector in India. This research aims to fulfill this gap. The scope
of the study has been narrowed down to the supply chain of selected F&V such as
mango and tomato, as the highest amount of losses found in these two categories.
The supply chain from farm to wholesale mandi was selected because of the
maximum inefficiency between these stages. To address the gaps in the existing
literature of F&V supply chain, the Research Objectives (RO) of this study are as

follows:

1. To identify the most significant activities contributing to supply chain
inefficiency (with respect to cost, time and quality) in different stages of the F&V

supply chain with specific reference to mango and tomato.

2. To identify the factors leading to supply chain inefficiency (with respect to cost,
time and quality) in the identified activities in different stages of the F&V supply
chain with specific reference to mango and tomato.

3. To develop a framework for improving supply chain efficiency of F&V sector

with specific reference to mango and tomato.

Various theories such as Stakeholders theory, Organisational theory, Transaction
Cost Economies theory, Theory of Constraints, Resource-based view theory
studied to deliberate the theoretical premise for this study. After due deliberation, it
has observed that Goldratt's Theory of Constraints Thinking Process is the most

relevant for this study and used as a theoretical premise for this research.

A Framework has been developed to improve supply chain efficiency of F&V
sector in India (specific reference to mango and tomato) using a "TOC Thinking
Process" approach, which provides an answer to three critical questions, which are

as follows:

I.  Identify the constraints
ii.  Determine the solution
ilii.  How to implement the solution
Each objective is focused on supply chain efficiency with respect to cost, time and
quality. Using this deductive approach, the study first identified the activities
contributing to supply chain inefficiency across the stages of F&V supply chain

(starting from farm gate to the commission agent/pre-harvest contractor to local
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traders and then finally to wholesale market usually known as Mandi).
Subsequently, the factors leading to supply chain inefficiency in the identified
activities across the stages are determined. Based on the important variables under
each factor, measures that need to be taken for the same have been identified
through the semi-structured interview from the experts and finally, a framework

has been developed to improve supply chain efficiency of F&V sector in India.

Mixed method approach has been used in this study wherein both quantitative as
well as qualitative methods have been used to attain the objectives. The
quantitative method has used for RO1 & RO2 and Qualitative method has been
used for RO3. The questionnaires were prepared in alignment with the activities
carried in different stages of F&V supply chain and the variables identified from
literature review. All the questions were developed on a "five-point Likert scale."
For each questionnaire, the respondents had to respond on three aspects, i.e., for
cost, time, and quality. Therefore, complete 9 questionnaires (5 for fruit supply
chain and 4 for vegetables supply chain) were developed for RO 1. For RO 2, total
27 questionnaires were developed (3 at each stage for cost, time and quality). For
RO 3, the protocol was designed with total 27 open-ended questions. Pilot testing
was conducted to make the questionnaire clearer, refined, concise and specific for

the desired objective.

The sample profile used in this study consists of farmers, local traders,
wholesalers, local traders at Mandi, and transporters who are involved in F&V
business. These stakeholders were selected with the trust that they are familiar to
operational conditions of their businesses. The researcher has adopted a multi-stage
sampling along with snowball technique to collect the data from the respondents.
For RO 1, the data was collected from 1180 respondents in case of fruits (360
Farmers, 230 Local Traders, 180 Wholesalerss‘Commission Agents, 140
Mashakhor/Local Traders, 270 Transporters) and 860 in case of vegetables supply
chain (340 Farmers, 170 Local Commission Agents, 130 Wholesaler/Commission
Agents, 220 Transporters) to identify the activities contributing to supply chain
inefficiency with respect to cost, time and quality. For RO 2, the data was collected
from 912 respondents (260 Farmers, 140 Local Traders, 160
Wholesalers/Commission  Agents, 180 Mashakhor/Local Traders, 172

xii



Transporters) in case of fruits and 600 in case of vegetables supply chain (200
Farmers, 140 Local Commission Agents, 120 Wholesaler/Commission Agents,
140 Transporters) to identify the factors leading to supply chain inefficiency (with
respect to cost, time and quality) in the identified activities (through RO1) across

the stages of F&V supply chain.

The reliability has tested for each section of the questionnaire for cost, time, and
quality to check the internal consistency of the questionnaire using Cronbach alpha
test. For the entire questionnaires used in both RO 1 and RO 2 across the stages of
F&V supply chain, the value of Cronbach alpha is more than 0.8 in maximum

cases, which is a good measure for that assess the consistency of the entire scale.

For RO 3, based on judgmental sampling, an in-depth semi-structured interview
was conducted with experts such as F&V supply chain experts, agribusiness
experts, horticultural specialists, cold chain experts, supply chain experts from
academia. The interview with experts helps to identify the measures for the factors
leading to supply chain inefficiency and based upon those measures; a framework
has developed for improving supply chain efficiency of F&V sector. The questions
were designed based on the knowledge attained from the RO 2. A pilot study was
conducted with F&V supply chain experts to decide whether the questions are
could be easily grasped by the respondents. This exercise was conducted in order
to test the validity and reliability of the questions inducted in the interview
schedule. The sample size used for this objective was decided on the basis of data

saturation and unavailability of participants.

The data collected for RO1 and RO 2 was fed into the SPSS: Statistical Package
for the Social Sciences (version 21) for further analysis. The tools used in this
study to attain the objectives are ranking method for RO1; to identify the activities
contributing to supply chain inefficiency (RO1) and factor analysis for RO2; to
identify the factors leading to supply chain inefficiency (RO2). For RO3, the
responses taken from the interview were recorded, transcribed and codes were
generated. From transcribed conversation and codes, measures were taken out, as
suggested by the experts. Finally, considering the output, suitable framework was

developed.
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The findings of RO1 shows that Sorting, Grading & Packaging and Tying,
Plucking & Collection, Handling, Loading & Stacking of goods, Unloading of
Crates/Cartons/Wooden Box from Trucks at Mandi Level, Storing & Ripening,
and Transportation (During transit) from Farm to Wholesale Mandi are some of the
activities contributing to supply chain inefficiency in Fruits sector with specific
reference to mango. Carriage of Crates to the Collection Area/Collection Centre,
Unloading of Tomato and Loading to the buyer’s Crate, Storing of Fresh Produce
at Mandi area, and Transportation (During transit) of Tomatoes from Farm to
Wholesale Mandi are some of the activities contributing to supply chain

inefficiency in tomato.

Factor analysis (3 at each stage-for cost, time and quality) were carried out for RO
2, to identify the factors leading to supply chain inefficiency for cost, time and
quality in different stages of F&V supply chain. It was found that Resources,
Operational Charges, Infrastructure, Labour's Knowledge, Operational issues,
Imprudence, Labour Availability, Quality Control System, Standardisation,
Connectivity, Labour, Ambience, Preservation, Labour Charges, Information,
Techniques, Market Uncertainty, Rates & Charges, Transit Ease, Verification &
Frisking, Geography, Operational & Labour Charges, Technical Resources and
Resources/Transport Facilities are the factors leading to supply chain inefficiency
in F&V supply chain with specific reference to mango and tomato.

Based on these findings, measures have been identified and the framework has
developed for F&V supply chain. The framework shows that Infrastructural
development, Human resource development, Operations management, Availability
of Resources, Use of technology, Accurate planning, Supply chain integration,
Temperature control, Pest Control management, Process mechanization, Effective
communication among supply chain partners, and Government/Institutional
support are some of the critical elements of the framework, which , if taken care
properly will improve the supply chain efficiency of F&V sector in India.

The findings show that Government support is extremely required at each stage to
develop the efficient supply chain of F&V sector that will improve the scenario of
the agricultural sector and give better returns to the agriculturalists, which would
enable them to maximise and develop food economy of India.
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The finding of this research has contributed to the literature on Goldratt’s Theory
of Constraints Thinking Process for the supply chain of F&V sector in the Indian
scenario. The present research has identified the core constraints responsible for
inefficient supply chain in F&V sector and developed a framework to improve the
present scenario and reduce the losses and wastages. This would be largely
beneficial specifically for the farmers, traders, users and for Indian economy in
general. As most of the prior literature on TOC Thinking Process focused on the
manufacturing and service sector for improving the business performance, lack of
study found for F&V Supply chain. This study used the approach of TOC Thinking
process to improve the supply chain efficiency of F&V sector in India, thus filling

the gap in the literature of “Theory of Constraints Thinking Process”.

This study also has some of its own limitations, which provide opportunities for
further research. The study is limited to the supply chain of F&V with specific
reference to mango and tomato from farm stage to wholesale stage. Uttar Pradesh
to Azadpur Mandi, Delhi, India in case of mango and Himachal Pradesh &
Uttarakhand to Azadpur Mandi, Delhi, India in case of tomato was considered. As
the measures given in this study are central to only the most important variable
under each identified factors for supply chain inefficiency of mango and tomato
concerning cost, time, and quality, the measures for other reasons may also be

looked out in the future study.

The present study, unique in its nature has made a systematic attempt to develop a
framework for improving supply chain efficiency of F&V sector in India. The
framework will benefit the stakeholders involved in the process of decision making
like Farmers, Local Traders, State Government, Department of food processing
industries, Policymakers, Transportation and logistics companies, Cold Chain
Solution Providers, Private agri-business companies, APMC, and Wholesalers in
planning & executing their operations accordingly. This framework will also be
helpful in improving the income of the farmers, which may also contribute towards

realizing the target of doubling the farmer’s income in overcoming years.

XV



ABBREVIATIONS

1 AAA American Automobile Association

2 ADB Asian Development Bank

3 APEDA Agricultural & Processed Food Products Export Development
Authority

4 APMC Agricultural Produce Market Committee

5 | ASSOCHAM | Associated Chambers of Commerce
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1 . INTRODUCTION

India is an agriculture dominating country and known as the food bowl of the world.
Fruits and Vegetables (F&V) sector plays a vital role and has been a driving force
in stimulating a healthy growth trend in Indian agriculture. It also plays a unique
role in India’s economy by improving the income of the rural people. This chapter
presents the status and significance of F&V sector in India followed by the post-
harvest losses scenario in F&V sector, which is one of the key impediments in the
growth of Indian economy. Further, this chapter discusses the issue of the inefficient

supply chain in F&YV sector. Thus, establishes a need for the efficient supply chain.

1.1. Background: Fruits and Vegetables Sector-Status and Importance

In Indian economy, the role played by agricultural sector happens to be quite crucial
in nature and has witnessed massive structural changes in terms of decline in share
of Gross Domestic Product (GDP) from 30% in 1990-91 to 17% in 2016, thereby
signifying a change from the conventional agrarian economy towards a service
oriented economy. However, the agriculture sector still employs more than half of
the total workforce and one of the primary source of livelihood for about 58% of
India’s population (IBEF, 2018). Despite a steady decline of its share in the GDP,
agriculture is still the most significant economic sector and a significant piece of the
overall socio-economic development of India (Gol, 2017; ASSOCHAM, 2013).

Structural change in the composition of agriculture and allied sector in India is
leading to a diversification of agriculture into the horticulture, livestock and fisheries
sector. According to the study of ASSOCHAM, the share of horticulture output has
significantly enhanced from 16% in 1990-91 to 20% in the year 2009-10 (at 2004-
2005 prices) as shown in Figure 1.1. Moreover, the share of traditional crop likes

cereals, pulses, and oilseeds have declined in the same period.
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Figure 1.1: Contribution of different agriculture segments in Agriculture & Allied Sector

Source: ASSOCHAM Report (2013)

The growth in horticulture sector is evident from the Figure 1.2, which exhibits that
over a period of 14 years (2001-02 to 2014-15) the horticulture production has shot
up by 84%. The gross produce of horticulture in India touched 284 million tonnes in
2014-15, far ahead of total food grain production of 253 million tonnes. Production
of F&V overtook India’s food grain production by a whopping 31 million tonnes in

2014-15.
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Figure 1.2: Horticulture and Food grain production in India (1991-2015)

Source: Horticulture Statistics at a Glance, 2015

The movement of farmers towards horticulture sector can be attributed to the fact
that there has been a tremendous increase in the demand for fresh F&V in organised
markets, is a true sign of prosperity in horticulture sector (Mallapur, 2015).

Government of India data reveals that there has been a sharp decline in the
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consumption patterns of rice and wheat of around 1-2%, both by rural and urban
population in India, whereas a significant increase of around 2-3% has been

witnessed annually towards the demand for F&V (Govil, 2013).

The increased shares of horticulture in the agriculture & allied imply that they have
been growing at a much faster rate than the traditional crop sector. The percentage
share of horticulture output in agriculture is more than 33% (Gol, 2016a). Before a
couple of decades, the scenario was entirely different, where the horticultural crop
production was considerably low. Since the area covered by horticultural crops has
increased significantly to 24.94 million ha in 2016-17, as compared to the area of
15.14 million ha in the year 2001-02, there has been a massive growth in the
horticulture production, which rose from 145.78 million tonnes to 295.35 million
tonnes as shown in Figure 1.3. Thus, there has been a robust growth observed in the
area (40%) and production (78%) of horticulture crops during the year 2001-02 to
2016-17 (NHB, 2017). The total land available for horticulture production has been
doubled up during the past 20 years.
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Figure 1.3: Area and Production Growth Trends for Horticulture Crops
Source: National Horticulture Board, 2017
The trend suggests that horticulture sector is going to be a major player in
contributing to the development of Indian agriculture in times to come. It also has
tremendous potential to push the overall agriculture growth and contributes 30% of
agricultural GDP (Kallega et al., 2015; Choudhary, 2013).
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The production of horticulture constitutes F&V, spices, rubber, coffee and tea in
which the contribution of vegetables is 60% while fruits contribute 30% and
plantation crops cover the remaining 10%. (NHB, 2017). India has bestowed with a
wide range of climate and physio-geographical conditions, which is most suitable
for growing various kinds of horticultural crops. This has placed India among the
leading countries in horticulture production just behind China. In horticulture sector,
F&V together constitute about 91% of the total horticultural production in India

(NHB, 2017); thus, the study primarily focuses upon these two categories only.

The F&V sector has been a driving force in stimulating a healthy growth trend in
Indian agriculture. Given the rising share of high-value commodities in the total
value of agricultural output and their growth potential, this segment is likely to drive
agricultural growth in the years to come (Negi and Anand, 2016). It plays a unique
role in India's economy by improving the income of the rural people. Cultivation of
these crops is Labour intensive, and as such, they generate many employment
opportunities for the rural population. F&V sector is perhaps the most profitable
venture of all farming activities as it provides ample employment opportunities and
scope to raise the income of the farming community. It has full potential to be
categorised as a substitute cash crop for growers and has tremendous potential to
push the overall agriculture growth. India has bestowed with a wide range of climate
and physio-geographical conditions, which is most suitable for growing various
kinds of F&V, and has placed India among the leading countries in F&V production
just behind China. Apart from providing security in terms of livelihood and nutrition
and helping individuals in a massive manner to tackle poverty, it also helps in
generation of employment. The creation of ample employment opportunities in the
non-farming sector along with the ability to sustain numerous agro industries is a

major characteristic feature of this sector.

1.1.1 Trends in Fruits and Vegetables Production & Present Status

During 2014-15, India's contribution to the world production of F&V was 13.6%
and 14% respectively (NHB, 2017). China’s share was highest in both F&V with
21% in world’s fruit production, followed by India (13.6%), Brazil (5.9%), and USA
(4.1%) and 49% in world's vegetables production followed by India (14%), USA



(3%), and Turkey (2%). The world production and its percentage share in F&V are

shown in Table 1.1 and Figure 1.4 & Figure 1.5.

Table 1.1: World production and percent share in 2014-15

FRUITS VEGETABLE
Country Production Share Country Production | Share
China 137066750 20.9% China 573935000 49%
India 88977134 13.6% India 162896911 14%
Brazil 38368678 5.9% USA 35947720 3%
USA 26548859 4.1% Turkey 27818918 2%
Indonesia 17744411 2.7% Iran 23485675 2%
Philippines 16370976 2.5% Egypt 19825388 2%
Mexico 15917806 2.4% Russian Federation | 16084372 1%
Turkey 14974561 2.3% Mexico 13599497 1%
Spain 13996447 2.1% Spain 12531000 1%
Italy 13889219 2.1% Italy 12297645 1%
OTHERS 270594597 41.3% OTHERS 261467661 23%
Source: Indian Horticulture Database, NHB, 2017
Leading Fruit Producing Countries
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Figure 1.4: Percentage shares of leading fruit producing countries

Source: National Horticulture Board, 2017
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Figure 1.5: Percentage shares of leading vegetables producing countries

Source: National Horticulture Board, 2017
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India is the largest and second largest producer of many F&V such as Mango,
Guava, Banana, Papaya, Okra, Potato, Onion, Tomato, and Cabbage. The share of

this fresh produce in world production has shown in Table 1.2 and Table 1.3.

Table 1.2: Largest Producer of F&V with a share in World Production

S. No. Fruit & Vegetables Share in World Production
1 Mango & Guava 45.11%
2 Banana 27.81%
3 Papaya 43.74%
4 Okra 72.90%

Source: National Horticulture Board, 2017

Table 1.3: Second Largest Producer of F&V with a share in World Production

S. No. Fruit & Vegetables Share in World Production
1 Brinjal 27.23%
2 Cabbage 12.79%
3 Cauliflower & Broccoli 37.53%
4 Onion 22.57%
5 Potato 11.04%
6 Tomato 11.05%

Source: National Horticulture Board, 2017

India is the second largest food producer in the world, after China and one of the
centers of origin of F&V with the total production of 92.84 million metric tonnes of
fruits and 175.19 million metric tonnes of vegetables till the year 2017 (NHB, 2017).
The production of F&V in India has been shown in Figure 1.6 from the year 2001-
2017, which has increased from 43.001 million metric tonnes to 92.84 million
metric tonnes in fruits and 88.62 million metric tonnes to 175.19 million metric
tonnes in vegetable.
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Figure 1.6: Fruits and Vegetables Production in India

Source: National Horticulture Board, 2017
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A large variety of F&V are grown in India such as banana, mango, apple, papaya,

sapota, citrus, pineapple, grapes, guava in fruits and potato, tomato, onion, brinjal in

vegetable. Among fruits, banana and mango accounted for more than half (52%) of

total fruit production with 29.16 million tonnes of banana and 19.68 million tonnes

of mango during 2016-17 as shown in Figure 1.7.

Figure 1.7: Major Fruit Production in India

Source: National Horticulture Board, 2017
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Among vegetable, potato comprised about one-fourth of the total vegetables
production with 27%, onion comprises 12%, and tomato comprised 11% of the total
vegetables production in India as shown in Figure 1.8.

F&V is also the rich source of vitamins, minerals, proteins, and carbohydrates,
which are essential in human nutrition. Hence, these are referred to as protective
foods and assumed great importance for the nutritional security of the people. As the

population is increasing, the demand for such food is also increasing.

1.1.2 State wise comparison

Concerning fruits production (as shown in Figure 1.9), state of Andhra Pradesh has
the maximum share of 13% with the total production of 12.09 million tonnes.
Maharashtra follows this with 10.37 million tonnes (11.18%), Uttar Pradesh with
10.35 million tonnes (11.15%), Gujarat with 8.48 million tonnes (9%), Karnataka
with 7.42 million tonnes (8%), Tamilnadu with 6.07 million tonnes (7%), Madhya
Pradesh with 5.93 million tonnes (6%), Bihar with 4.27 million tonnes (5%), West
Bengal with 3.70 million tonnes (3.99%), Telangana with 3.53 million tonnes
(3.81%), Kerala with 2.46 million tonnes (2.66%) , and rest of the states in India
with 18.10 million tonnes of production (19.50%).

Leading Fruit Producing States (in "000MT)
(2016-17)
OTHERS,
KERALA, 18104.53,
2467.92, 19%
3% ANDHRAPRADESH, B ANDHRA PRADESH
12098.60, = MAHARASHTRA
13%
= UTTAR PRADESH
TELANGANA, MAHARASHTRA, = GUARAT
3536.7, 10378.43, = KARNATAKA
4% 1%
= TAMILNADU
WEST BENGAL, : = MADHYA PRADESH
3708.45, \ UTTAR PRADESH,
1% 10353.49, mBIHAR
1% WEST BENGAL
BIHAR,
4272.94, = TELANGANA

5%
= KERALA

MADr;\;z:x pest GEUIJEAZRM‘ OTHERS

6%  TAMILNADU, KARNATAKA, 9%'50’
6079.95, 7425.11,
7% 8%

Figure 1.9: Leading Fruits Producing States in India
Source: National Horticulture Board, 2017
Concerning vegetables production, (as shown in Figure 1.10) state of Uttar Pradesh
has the maximum production of 26.40 million tonnes with the share of 15% of the
8



total production. West Bengal follows this with 25.50 million tonnes (14%), Madhya
Pradesh with 16.66 million tonnes (9%), Bihar with 14.22 million tonnes (8%),
Gujarat with 13.40 million tonnes (8%), Maharashtra with 10.36 million tonnes
(6%), Odisha with 8.76 million tonnes (5%), Karnataka with 8.20 million tonnes
(5%), Haryana with 6.96 million tonnes (4%), Chhattisgarh with 6.70 million tonnes
(4%), Tamilnadu with 6.30 million tonnes (4%), Andhra Pradesh with 5.35 million
tonnes (3%), and 26.34 million tonnes (15%) by rest of the states in India34 million
tonnes (15%).

ANDHRA PRADESH.  Others, Leading Vegetable Producing States (in '000MT)
s3ss.e, 263455, (2016-17)
2% 15%
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Figure 1.10: Leading Vegetables Producing States in India

Source: National Horticulture Board, 2017

India has the potential to be the world’s largest food producer that is bestowed with
large base of natural resources and several factors like disposable income, nuclear
families & working women, and increasing urbanization are preparing supply chain
of food in India for a healthy future. Organised retailing, functional food demand,
higher expenditure on healthy food are the major drivers for significant development
of F&V sector (Rathore et al., 2010). As per the estimates of Euromonitor
International, approximately 90% consumers in India effectively spend on fresh
categories of food with majority of the share consisting of F&V (Sinha & Thomas,
2012). As the population is increasing, the demand for F&V is also increasing;
therefore, to meet such demand and provide food in proper nutrition and quality, the
supply chain plays a very vital role in F&V sector and becomes even more critical
because of perishability and very short shelf life.

9



India is among the world's largest food producer serving the food consumer all
across the globe. Despite second largest food producer in the world, the customers in
India are not getting the fresh produce in proper quality, right time and at a right
cost. India, the world’s second largest F&V producer, is also one of the biggest
wasters in the world (ASSOCHAM, 2013).

1.2. The extent of losses and wastage in the supply chain of the F&V sector

Each year, billions of tons of fresh food items with millions of dollars are lost due to
poor supply chain system in developing market (International Trade Administration,
2013). As per the list of World Economic Forum (WEF), food crises is the fourth
top global risks of highest concern for the next ten years (World Economic Forum,
2016). Globally, billions of dollar spent on improving agricultural processes to
create higher food production, but the fact is that nearly half of all food produced
never reaches to the consumer’s plate (World Economic Forum, 2013), resulting to
global losses of more than $750 billion annually in the food sector (FAO, 2013).
From various studies on post-harvest losses in India, it is evident that the amount of
food wasted in a year in India is equivalent to annual food consumption in some
countries like UK (Rathore, Sharma, & Saxena, 2010) and the total production of
Great Britain (Khan, 2005). The challenge of feeding India's billion-plus people is
not really about agriculture production but getting the proper food to the individuals.
The average production of F&V in India is sufficient to meet the recommended
dietary allowances for a balanced diet. However, there are large interstate
differences in the availability of F&V (Rao Narsinga, 2013). Many are available
only in particular seasons of the year, and lots of fresh produce gets wastage before

reaching to consumer's hand.

Post-harvest losses in the supply chain of F&V are one of the determinants of the
food problem in most developing countries (Babalola et al., 2008; Ojo, 1991). In
developing countries, losses incurred in the process of post-harvest amount between
1-50%, or even greater at times (Buyukbay et al., 2011; Kader, 2005). However,
wastage of food is not suitable for two main reasons: firstly, there may be a quality
loss regarding energy protein and other nutrients; and secondly, there may be an
economic loss concerning the value of food. The primary concern for F&V supply
chain management is the post-harvest wastage. F&V are highly perishable

10



commaodities, and according to a study by ASSOCHAM (2013), in India, about 30%
of F&V are not fit for the purpose of consumption because of post-harvest losses.

As per the estimates of Ministry of Food Processing Industries (MoFPI), in the year
2016, the losses resulting from post-harvest operations in agricultural production of
India amounted to a staggering figure of Rs. 92,651 crores. The loss is nearly thrice
as that of the Indian agriculture budget, that has witnessed a growth of 44% from Rs
24,909 crore in the budget of 2015-16 to Rs 35,984 crore in 2016-17 (Moloney,
2016). According to Central Institute of Post-Harvest Engineering and Technology
(CIPHET), Punjab, approximately 16% of F&V (Rs 40,811 crores) were lost. The
losses vary from 4.65% to 5.99% in case of cereals and 4.58% to 15.88% in case of
F&V (Table 1.4). It was also reported that F&V have high losses and wastage in

farm-level operations.

Table 1.4: CIPHET estimated losses of major produces

. Loss
Commodity/Crop (in Rs. crore) Loss (%)
<—FEruits & Vegetable 40811 4.58-15 88 —»
Cereals 20698 4.65-5.99
Pulses 3877 6.36-8.41
Oilseeds 8278 3.08-9.96
Milk 4409 0.92
Egg 1320 7.19
Inland Fish 3766 5.23
Marine Fish 4315 10.52
Meat 1235 2.71
Poultry Meat 3942 6.74
Total 92,651

Source: Gol, 2016b
According to ASSOCHAM (2013), every year, around Rs. 2.13 lakh crore worth of
F&V is wasted among major producing states in India as shown in Table 1.5. The
losses are found higher in the state of West Bengal valued Rs. 13, 657 Crore,
followed by Gujarat, Bihar, Uttar Pradesh, Maharashtra, Tamilnadu, Karnataka,
Andhra Pradesh, and Madhya Pradesh.

Table 1.5: Fruits and Vegetables Losses among the major producing state

State Total Loss (Rs. Crore)
West Bengal 13657
Gujarat 11398
Bihar 10744
Uttar Pradesh 10312
Maharashtra 10100
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Tamil Nadu 8170
Karnataka 7415
Andhra Pradesh 5633
Madhya Pradesh 5332
Others 129791
All India 212552

Source: ASSOCHAM India, 2013

A research study conducted by CIPHET (2010) in India found that losses in selected
pulses, cereals and oilseeds amounted to 4.3-6.1%, 3.9-6%, and 2.8-10.1%
respectively. Marine fisheries witnessed 2.9% loss on an average whereas, the losses
incurred in inland fisheries amounted to approximately 6.9%. In meat and poultry
sector, the losses incurred were 2.3% and 3.7% respectively, whereas, in dairy
sector, the loss stood at 0.8%. Among all the agriculture produce, the highest losses
were found in F&V, which was in the range of 5.8-18% (CIPHET, 2010) as shown
in Table 1.6.

Table 1.6: Losses percentage in major produces

Crop Cumulative wastage (%0)
Milk (0.80%)
Meat (2.30%)
Oilseeds (2.8-10.1%)
Fisheries (Marine) (2.90%)
Poultry (3.70%)
Cereals (3.9-6%)
Pulses (4.3-6.1%)
Fruits & Vegetable (5.8-18%) )
Fisheries (Inland) (6.90%)

Source: Post-harvest losses study by CIPHET, 2010

According to CIPHET, the total post-harvest losses in major agricultural produces at
the national level was Rs 44,143 crore per annum. It was found that most of the
wastage incurred in F&V (5.8-18%), comprising value of Rs 7,437 crore in fruits
and Rs 5,872 crore in vegetables (GOI, 2012). The maximum amount of losses was
found in Mango (Rs. 3,298 Crore) as shown in Table 1.7.

In F&V losses, Sinha (2011) also found the maximum amount of losses in Mango
and Tomato, both having 39% of losses (as shown in Table 1.8). Bhushan (2013)

also found that nearly 15% of India’s Mango production goes waste.
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Table 1.7: CIPHET Percentage of estimated losses

5. Crop / *Production *Price Losses | Estimate of
Ko, commodity (million MT) Rs/MT estimated economic valuo of
(%) the losses
. [¥in crores)
(i) Cereals 211.61 51,676.5 | 12,693
(id) Pulses 11.974 1,27,229.7 43-6.1 1,735
(iii) | Oilseeds 31.66  1,25367.3 28-10.1 5,107
(iv) | Fruits
1 | Apple 1.622 47.771.6 953
2 Banana 20.858 9.262.5 1,273
3 Citrus 7.097 18,774.6 839
4 Grapes 1.668 31,364.2 434
5 Guava 1.856 12,194.5 407
6 Mango 13.501 19,232.2 32‘)?
7 | Papaya 2.405 8,833.3 157
8 Sapota 1.191 10,727.5 /4
Total 50.198 1,58,160.4 58-18 7,437

Source: Post-harvest losses study by CIPHET, 2010

Table 1.8: Fruits and Vegetables losses

Fruits & Vegetables Percentage of Losses

Mango 30%
Tomato 30%
Onion 25%
Banana 18%
Litchi 22%
Potato 24%
Papaya 10%
Guava 15%
Cauliflower 18%
Brinjal 14%

Source: Sinha, Times of India, 2011

Chadha and Pareek (1993) also assessed the amount of losses in F&V sector and
found the highest amount of losses in Mango among all the fruits contributing to 17-
37% as shown in Table 1.9.

Table 1.9: Post-harvest losses in major fruit & vegetables crops

P(?)Zt;)??;\é?jfci?gﬁ‘;s Name of fruit & vegetable
2330%———&
—_17-37% Mango —
10-25% Apple
12-14% Banana
8-31% Citrus (orange)
5-20% Pineapple
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3-15% Guava
15-30% Onion
15-20% <=POW:L

2006 Tomatp ———

10-15% Cauliflower
10-13% Brinjal

7-15% Cabbage

7-12% Beans and peas

1-3% Garlic

Source: Chadha and Pareek (1993)

Table 1.10 highlighted the losses and wastages situation in the supply chain of F&V,

based on the past studies.

Table 1.10: Post-harvest losses scenario in fruits and vegetable

Authors/Source

Losses and Wastage Issue

Gol (2016b)

According to an analysis by the CIPHET, 16% of F&V, which worth Rs
40,811 crores were lost.

ASSOCHAM (2013)

As per the assessment of ASSOCHAM, India in 2013, the farmers have to
forgo Rs. 2.13 lakh crore every year because of supply chain losses in F&V.

MOSPI (2012); Mishra &
Sinha (2010) Verma &
Singh (2004)

About 20 -30-40% of all foods produced in India (Rs. 500 b) gets wasted
annually.

MOSPI (2012)

From the origin (farm) to the consumption (consumer), the F&V passes
through six-seven different channel of distributions, and in each stage, there is
a loss of 5-7%.

Gustavsson et al. (2011)

One-third of the total food production that is meant for human consumption
gets wasted every year.

Narula (2011)

In F&V supply chain, the massive loss in the quality and quantity of fresh
produce resulting to the value loss of 40%.

CIPHET (2010)

The study by CIPHET has estimated harvest and post-harvest losses of
primary agricultural produce at a national level, which was of the order of Rs
44,143 crore per annum at 2009 wholesale prices. It was also found that most
of the wastage is happening in F&V of about 5.8-18% worth value of Rs 7,437
crore in fruits and Rs 5,872 crore in vegetables.

Rathore, Sharma, & Saxena

From various studies on post-harvest losses in India, it is evident that the
amount of food wasted in a year in India (around 35% to 40% of the total
production) is equivalent to annual food consumption in UK.

(2010) It has been predicted that the Indian food production figure is going to be
twofold in ten years down the lane, but the losses after harvesting amounting
35-40% of the total production per annum (valued Rs. 58,000 crores) is a
serious concern..
Gauraha & Thakur (2008); | Supply chain losses in the perishable food product are the key impediment to

Singh et al. (2008)

the development of agriculture sector in India.

Babalola, Megbope &
Agbola (2008); Ojo (1991)

In most developing nation, the main reason behind food problems is post-
harvest losses.

25-40% of fresh farm produce that worth Rs 50,400 crore ($12 billion)

Dagar (2007) deteri . L 3
eteriorate every single year prior it reaches to the final consumers.
Viswanadham (2007) Farm produce valued at Rs 70,000 million (US$1,400 m) is wasted every year.
Jain (2007) The post-harvest losses are of Rs. 29214 Cr. in Perishable (F&V) produce.
Rs. 58,000 Crore worth fruits, vegetables, and cereal grain wasted each year in
Jha (2007) India, which is sufficient to feed 27% of the below poverty line population and
amounts to more than a third of total food production.
Kader (2005) Worldwide about one-third of all F&V produced are never consumed by

humans.
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The losses results to lack of availability of fresh food products and extensive

Subrahmanyam (1986) monetary affect, which in turn, also escalates marketing costs and products

distributing cost.

National AcademyofSources
(1978) 1 to 50% or even higher.

In past few years, the prices of F&V have soared, and lack of affordability has
become one of the significant factors that limit adequate consumption of F&V,
especially in poorer households. Lack of usage and management issues in supply
chains massively contributes to quality loss of F&V resulting in declining profits
and other business opportunities (Halder & Pati, 2011). Jha (2007) presented the
Food Facts in India, where, the author highlighted that Rs. 58,000 crores worth
fruits, vegetable, and cereal grain are wasted each year in India, which is sufficient
to feed 27% of the below poverty line population and amounts to more than a third

of total food production.

Inefficient supply chain results in price instability, poor remuneration to the farmers,
higher supply chain cost, rural poverty causing frustrations among farmers and
eventually leading them to commit suicides (Rathore, Sharma, & Saxena, 2010).
This in course of time makes the consumers to pay a hefty price. Due to the
inefficient supply chain, the extent of loss in F&V is about Rs. 10,000 crores to Rs.
12,000 crores per annum and the loss of quantity ranges from 10% and 80% in some
of the most perishable F&V (Mittal, 2007). Because of such losses and poor
remuneration, it becomes extremely difficult on the part of the farmers to give back
the debts, which they had incurred on buying pesticides, seeds, farm equipments and
fertilizers for which the suicide rates among farmers are high, which constitutes
almost two precious lives each day (Maheshwar and Chanakwa, 2007). In
parliament, it has been acknowledged that 1,00,000 farmers have given away their
lives during the decade from 1993-2003. Further, on an average, 16,000 farmers per
year are said to have died since then (Maheshwar and Chanakwa, 2007). Various
studies have shown the extent of losses in F&V supply chain and highlighted it as
one of the primary issues in Indian economy. The past studies on losses and

wastages are discussed in detail in the literature review chapter.

Agriculture is one of the most essential and thrust areas of the economy of India.
Many researchers have found inefficiency as the major problem in the supply chain
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of perishable food produce leading to supply chain losses and wastages as shown in

Table 1.11. It has been found that these losses are higher in the developing countries

like India.

Table 1.11: Inefficient supply chain in fruits and vegetable-An Issue

Author

Inefficient Supply Chain in F&V Sector

Degun (2014)

As per the estimates of World Economic Forum (WEF), approx. 95% of losses and
wastage in food occurs due to supply chain inefficiency.

WEF’s report stated that inefficiency in supply chain results to huge losses in food each
year, which amount to 1.3 billion tons.

Simon (2014)

Total one-third production of food in India is waste before it reaches to the consumer
due to inefficient supply chains.

Bhardwaj et al.

Traditional F&V supply chain is prone to various sources of inefficiencies, which are

(2011) contributing to losses.
Veena et al. Due to the inefficient supply chain, the price received by farmers is only about 24% to
(2011) 58% of the consumer price.

Mishra & Sinha
(2010)

Inefficient supply chain is the most serious problem faced by agricultural industry in
India. Due to the which, the extent of losses in fruit and vegetables is about Rs. 10,000
crores to Rs. 12,000 crore per annum and the loss of quantity ranges from 10% and 80%
in some of the most perishable F&V

Rathore et al.
(2010)

Lack of efficient supply chain results to high wastage for the organisations.

Singh, Sikka, &
Singh (2009)

Mandi (market) system has many inefficiencies, which results in huge amount of losses.
In case of vegetables supply chain it is approximately 40%.

Viswanadham
(2007)

The present supply chain in F&V sector is still in a very pathetic state and fraught with
maximum inefficiency resulting in massive losses as much as nearly 30% and less
remuneration for the farmers.

Supply chain inefficiency in F&V sector resulting in huge amount of losses and
wastages, due to which there is a lack of availability of better quality food.

Due to the inefficient supply chain, the extent of loss of F&V is about Rs. 10,000 crores
to Rs. 12,000 crore per annum and the loss of quantity ranges from 10% and 80% in
some of the most perishable F&Vs.

Mittal (2007)

There is an absolute requirement of research in the area not only to understand the
challenges in supply chain management fully, but also to identify the opportunities
for improvement and to reduce several inefficiencies in the supply chains (Bhardwaj
& Palaparthy, 2008). F&V are highly perishable and because of the high level of
wastage and inefficiency in this sector, efficient supply chain after the farm gate to
the final consumer has become an absolute necessity. Hence, there is an urgent need
to develop intelligent supply chains to curb losses and increase the shelf life of F&V
ensuring safety and desired quality (Rathore et al., 2010). The extent of wastage can

only be reduced by proper and efficient supply chain (Shukla & Jharkharia, 2013).

In Indian agriculture, the potential problems hindering growth are the issues related

to supply chain losses in the perishable food products. Hence, the supply chain
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efficiency is a necessary pre requisite in F&V sector, facilitating increase in profits
for the supply chain participants and would further minimise the wastage and losses.
Moreover, it will minimise the chances of quality deterioration of F&V and
increases the value significantly by ensuring a reliable delivery within the right time

and right quality by ensuring minimum prices for the customers.

The objective of this thesis is to address the supply chain inefficiency in perishable
F&V. Therefore, researcher defines these as perishable food products to differentiate
these from other F&V in which the shelf life is long such as Jackfruits, Coconut,
Watermelon, and Pumpkin. Figure 1.11 exhibits complete differentiation to develop

an understanding of the various perishable food products.

Product

v

Perishable

v

Eatables MNon Eatables

_ Animal/Birdsand their produce

! —

Long shelf life
(Grains, Pulses, etc.) Horticulture produce

v
' ! l

Fruits & Vegetables | Flowers | | Spices | Plantation crops
(Coconut, Cocoa,
Cashewnut)

*‘L}

long shelf life(lack
fruit, Pumpkin,
Papaya etc.)

Processed Produce Very low shelf life
(Meals, Sauces etc.) [Mango, Tomato

Figure 1.11: Product Differentiations

Source: Adapted & Modified from Jharkharia and Shukla (2013)
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1.3. Rationale of the Study

Supply chain of F&V sector in India is suffering from maximum inefficiencies that
are leading to huge amount of losses and wastage in F&V. India, the world’s second
largest F&V producer, is one of the biggest wasters in the world, which is a high
matter of concern for the nation. Each year, billions of tons of fresh food items with
millions of dollars’ worth are lost due to poor supply chain system. Therefore, a
need arises for research in the domain of F&V in order to understand the issues and
challenges in supply chain and moreover, to determine the scope for improvement
and simultaneously dealing with supply chain inefficiency. F&V are highly
perishable in nature and because of the high level of wastage due to inefficiency in
this sector; efficient supply chain from the farm gate to the final consumer has
become an absolute necessity. Hence, there is an urgent need to develop an
intelligent supply chain to curb losses, increase the shelf life of F&V, and ensure
safety and desired quality. This thesis focuses on identifying the activities
contributing to supply chain inefficiencies across the stages of F&V supply chain
starting from farm gate to the commission agent/pre-harvest contractor to local
traders and then finally to wholesale market usually known as Mandi, and the factors
leading to supply chain inefficiency in the identified activities across the stages.
Based on these identified activities and factors, a framework has been developed for

improving supply chain efficiency of F&V sector in India.
1.4. Business Problem

Inefficient Supply Chain is resulting into immense loss of quantity and quality of
F&V, decreasing shelf life and loss in terms of revenue to the various stakeholders

of perishable F&V sector in India.
1.5. Research Questions

To address the gaps in the existing literature of F&V supply chain, some important

research questions are considered in this research, as follows:

e What are the most significant activities contributing to supply chain
inefficiency in different stages of fruits and vegetables supply chain with

specific reference to mango and tomato?
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e What are the factors leading to supply chain inefficiency in the identified
activities in different stages of fruits and vegetables supply chain with
specific reference to mango and tomato?

e How to develop a framework for improving supply chain efficiency of fruits

and vegetables sector with specific reference to mango and tomato?

1.6. Objectives of the Study
Given these questions, the objectives of this research are:

e To identify the most significant activities contributing to supply chain
inefficiency (with respect to cost, time and quality) in different stages of
fruits and vegetables supply chain with specific reference to mango and
tomato.

e To identify the factors leading to supply chain inefficiency (with respect to
cost, time and quality) in the identified activities in different stages of fruits
and vegetables supply chain with specific reference to mango and tomato.

e To develop a framework for improving supply chain efficiency of fruits and

vegetables sector with specific reference to mango and tomato.

1.7. Scope of the Study

The scope of the study is limited to supply chain of F&V with specific reference to
mango and tomato, as the highest amount of losses in F&V were found in these two
categories. The supply chain from farm to wholesale mandi was selected because
maximum inefficiency has been found between these stages. For Mango, state of
Uttar Pradesh (UP) was selected as the origin point (farm), as it has the highest
production of mango in India. For Tomato, Himachal Pradesh, and Uttarakhand was
selected as the origin point (farm), as it has the high potential to serve the needs
during offseason and the livelihood of the people in these states is largely dependent
on the agriculture. For destination point/wholesale level, Azadpur Mandi was
selected. Azadpur wholesale mandi is the Asia’s largest mandi and world’s second
largest mandi, which has the highest amount of arrival among any wholesale mandi

across the country.
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1.8. Summary

Business Problem

Inefficient Supply Chain is resulting into immense loss of quantity and quality of
F&V, decreasing shelf life and loss in terms of revenue to the various
stakeholders of perishable F&V sector in India.

Research Gap

Though various studies are available on Supply Chain Efficiency of agri and
other products, hardly any study could be found suggesting a framework for
improving supply chain efficiency at various stages of Fruits and Vegetables
sector.

Research Problem

Although in the existing literature various studies have been conducted on F&V
supply chain, in general, there is a lack of study on supply chain efficiency
specifically to F&V sector. Also, the weak links and constraints responsible for
supply chain inefficiency in different stages of F&V sector and the measures to
improve supply chain efficiency are not known. Further, there is a lack of a
framework for improving supply chain efficiency of F&V sector (specifically
mango and tomato) in India.

Research Questions

« What are the most significant activities contributing to supply chain
inefficiency in different stages of fruits and vegetables supply chain with specific
reference to mango and tomato?

* What are the factors leading to supply chain inefficiency in the identified
activities in different stages of fruits and vegetables supply chain with specific
reference to mango and tomato?

* How to develop a framework for improving supply chain efficiency of fruits
and vegetables sector with specific reference to mango and tomato?

Research Objectives

* To identify the most significant activities contributing to supply chain
inefficiency (with respect to cost, time and quality) in different stages of fruits
and vegetables supply chain with specific reference to mango and tomato

» To identify the factors leading to supply chain inefficiency (with respect to
cost, time and quality) in the identified activities in different stages of fruits and
vegetables supply chain with specific reference to mango and tomato.

» To develop a framework for improving supply chain efficiency of fruits and
vegetables sector with specific reference to mango and tomato.

1.9. Structure of the Thesis

The work presented in this thesis has been arranged in the following seven chapters:

Chapter 1: Introduction & Background

Chapter 2: Supply Chain Management of Fruits and Vegetable

Chapter 3: Literature Review

Chapter 4: Research Methodology

Chapter 5: Data Analysis and Findings

Chapter 6: Framework to Improve Supply Chain Efficiency of Fruits and Vegetables

Sector

Chapter 7: Conclusion and Recommendation
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2 » SUPPLY CHAIN MANAGEMENT OF FRUITS AND
VEGETABLES

Supply chain plays a vital role in F&V sector and becomes even more critical
because of perishability and very short shelf life. This chapter discusses the concept
of the supply chain in general, its objectives and principles, and then the supply
chain of F&V sector. It also throws light on different players involved in the supply
chain of F&V Sector. Further, this chapter describes the various supply chain

models operating in F&V sector in the Indian scenario.
2.1. Introduction to Supply Chain Management (SCM)

Citing a proper definition of SCM, authors have placed higher emphasis on the
importance of the chain players, considering the fact that customers is the most
important element of the chain. Various definitions also focus on the both side
movement of goods and services including funds and information from the point of
origin to the point of consumption to achieve twin goals of profitability and
sustainability in competitive market. This chapter highlights the critical features of

few paradigms of SCM as various scholars and practitioners have described it.

Monczka et al. (2002) described that "today's organisations must manage both the
upstream firms — suppliers providing direct and indirect inputs- and downstream
firms or the distributive network delivering and offering after-market service to
customers”. Based on this, the authors have offered a broad definition of SCM,

which is as follows:

"The supply chain encompasses all activities associated with the flow and
transformation of goods from the raw materials stage (extraction), through to end
users, as well as the associated information flows. Material and information flow
both up and down the supply chain. The supply chain includes systems management,
operations and assembly, purchasing, production scheduling, order processing,
inventory management, transportation, warehousing, and customer service. Supply
chain are essentially a series of linked suppliers and customers; every customer is, in
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turn, a supplier to the next downstream organisation until the finished product

reaches the ultimate end user".

SCM is the amalgamation of the above-mentioned activities through better supply

chain associations to garner sustainability in terms of competitive advantage.

SCM has a significant consequence on larger strategies of the organisations,
specifically those related with sourcing and purchasing (Monczka et al. 2002),
integrating manifold organisations as chain members. Monczka et al. (2002) have
classified the members into three distinct types —internal operations, inbound
suppliers and outbound customers. Couple of significant internal operations of an
organisation are production scheduling and processing of orders. Scheduling of
production goes as per the drafted schedules and production plans while processing
of order includes interaction with the customers in a full-fledged manner- right from
the start, which requires receiving the orders to post sale services. Inbound suppliers
regulate the delivery of materials ensuring right time, quality and cost to the
manufacturers. The goods in order to reach to the final consumers has to pass
through distribution channel including various intermediate players. The role of
logistics manager is to ensure the smooth management of distribution of goods and

its transportation in the supply chain.

Monczka et al. (2002) highlighted the fact that there is interflow (both upward and
downward) of goods, funds and information among the supply chain partners.
Hence, managing the relationship between the partners is important, which provides
competitive edge to the companies. Below mentioned are some of the advantages of

supply chain to the organisations.

« Reduction in operational cost;

» Better delivery of goods;

« Enhanced Quality;

» Less cycle time;

« Convenient access to technology (Both product and process); and

» Less product development cycle times
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Ross (2000) has stated that there is existence of multiple difficulties in providing a
proper definition of SCM considering the fact that the concept includes a variety of
usage and hence the possibility of defining it in manifold ways looms large. The
author has visualized SCM as a vibrant, inclusive, growth oriented, and competition
oriented method that is fostered by volatilities of market, which includes
vulnerability to globalization, unpredictability and continuous change. Ross (2000)
has concluded the SCM with following definition:

"SCM is a continuously evolving management philosophy that seeks to unify the
collective productive competencies and recourses of the business functions found
both within the enterprise and outside the firm’s allied business partners located
along intersecting supply channels into a highly competitive, customer-enriching
supply system focused on developing innovative solutions and synchronizing the
flow of the marketplace products, services, and information to create unique,

individualized sources of customer value."

Ross (1998) has stated the significance of consumers and has put forward an
argument that the strategies of SCM should cater to the needs of the customers.
SCM plays a very important role in both upwards and downwards flow of
information of demand from the customers and fulfilling that demand through
distribution of goods ensuring efficiency in cost and proper management of time.
The modern day market is driven by the pull product approach as compared to that
of the traditional push demand approaches. Hence, this is essential for proper SCM
because in the modern era, customers are more inclined towards customized
product. The reduction in costs and significant increase in sales due to SCM is
recognised by several academicians and supply chain experts. In addition to that,
Hoover et al. (2001) has stated that organisations following efficient practices with
respect to SCM have significantly reduced cost as compared to their competitors,

with a higher margin of profit and significantly lower prices.

Burt et al. (2003) stated that all the members belonging to the supply chain should

focus on the following aspects of adding value into SCM:

« Cost-SCM needs to place emphasis on cost management bringing down the

total cost in the chain.
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* Quality- SCM should focus on Total Quality Management (TQM) to ensure
that the products that enter into the market is of better quality.

« Time- SCM aims to deliver the goods and services to the customer on timely
basis thereby reducing the lead time.

« Continuous supply- SCM helps to monitor the market trends, which
augments to maintain the supplier relationship.

» Technology- In order to achieve competitive edge, SCM needs to put in
order the technology externally and internally.

2.1.1. Definitions of SCM

Supply chain management (SCM) may be defined as:

[. . .] "a set of approaches utilised to efficiently integrate suppliers, manufacturers,
warehouses, and stores, so that merchandise is produced and distributed at the right
quantities, to the right locations, and at the right time, in order to minimise system-

wide costs while satisfying service level requirements” (Simchi-Levi et al., 2008).

"Supply Chain is a set of entities that collectively manufacture a product and sells it
to an endpoint” (Stern et al., 2001). "Supply chain is the network of organisations
that are involved, through upstream and downstream linkages, in the different
processes and activities that produce value in the form of products and services in
the hand of the ultimate customer” (Christopher, 1998). According to (Jones &
Riley, 1985), "A supply chain consists of multiple parties/firms, both upstream (i.e.,
supply) and downstream (i.e., distribution), and the final consumer. It is the planning
and control of the flow of total material from suppliers to manufacturers to
distributors and finally to the end users". Ballou (2004) says, "Supply chain refers to
all those activities associated with the transformation and flow of goods and
services, including their attendant information flows, from the sources of raw
materials to end users". "Supply chain management involves many independent
organisations and develops through intra- and inter-organisational integration and
coordination encompassing the initial stage to the end user. It includes a two-way
flow of materials, services and information, and the related managerial and
operational tasks. It aims at providing high value to customers with appropriate
resource utilisation and building competitive advantage” (Cooper et al., 1997a). The
crucial factors involved in supply chain are competitive edge and integration, values
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of the customer and coordination among the partners in the chain. Competitive
advantages to any firms come through enhancement of productivity and value. The
advantage of productivity accrues by achieving the better results with minimum
resource utilisation compare to others. Value emanates by providing customized
products or services, reliability, and responsiveness, which require innovation and
resources (Christopher, 1998). Integration and Coordination come through
partnership in the supply chain, which requires strong interactions among the
partners over time, with sharing of information, risks, and rewards (Ellram &
Krause, 1994). Cooper et al. (1997a) stated that SCM is the planning and controlling
of goods, flow of information and logistics activities internally and externally. A
supply chain consists of varied links including the raw-material suppliers,
manufacturers, distributors, retailers and finally the consumers as depicted in Figure
2.1. The supply chain includes operations engaged in conversion of raw-material
into finished products. It involves not only the suppliers and manufactures/producers
rather it includes a set of middlemen such as wholesalers, retailers, warehouse

keepers, transporters and ultimately the consumers.

SUFPLIER - MANUFACTURER DISTRIBUTOR RETAILER CUSTOAER

Figure 2.1: An lllustration of Supply chain

In literature, scholars have presented various perspectives in looking at the SCM,
and for this reason, no universal definition of SCM exists (Croom et al., 2000).
Various definitions of SCM are available in literature, which has been discussed in
Table 2.1. Although the various definitions exhibits a variety of meanings, they
happen to share a singular theme, i.e. operations management across various
organisations. Moreover, there is universal rationality of SCM, organisations will

gather business advantages (New, 1996).

Table 2.1: Definitions of Supply Chain Management

Authors, year

Definition

Simchi-Levi et
al. (2008)

"SCM is a set of approaches utilised to efficiently integrate suppliers, manufacturers,
warehouses, and stores so that merchandise is produced and distributed at the right
quantities, to the right locations, and at the right time, to minimise system-wide costs
while satisfying service level requirements."”
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Koch (2006)

"SCM is the combination of art and science that goes into improving the way the
company delivers products to customers."

Arunachalam

"SCM is concerned with planning and coordinating the activities of organisations across

(2003) the supply chain, from raw material procurement to finished goods delivery."
"SCM is the design, maintenance, and the operation of supply chain processes for the
Ayers (2001) satisfaction of end users."
"The supply chain encompasses all activities associated with the flow and transformation
Hanfield and of goods from the raw materials stage (extraction), through to the end user, as well as

Nichols (1999)

associated information flows. Material and information flow both up and down the
supply chain. SCM is the integration of these activities through improved supply chain
relationships to achieve a sustainable competitive advantage."

"The supply chain is the management of a network of organisations that are involved,

Ch{isgté)g; er through upstream and downstream linkages, in the different processes and activities that
produce value in the form of products and services in the hand of the ultimate customer."
Lambert, "As the integration of fundamental business processes from end user through original
Cooper, and suppliers that provides products, services, and information that add value for customers
Pagh (1998) and other stakeholders."
Cooper et al. "An integrating philosophy to manage the total flow of a distribution channel for ultimate
(1997a) customer."
Lee & NG "The management of a network of entities that starts with the suppliers’ supplier and end
(1997) with the customers’ customers for the production and delivery of goods and services."
International
Center for " . . . . _ .
.- SCM is the integration of business processes from end-user through original suppliers
Competitive . - . - "
that provides products services and information that add value for customers.
Excellence
(1994)

Harland (1994)

"SCM is defined as the management of the flow of goods and services to end consumer
to satisfy their requirements.”

Berry, Towill,
and Wadsley
(1994)

"SCM aims at building trust, exchanging information on market needs, developing new
products, and reducing the supplier base to a particular original equipment manufacturer
(OEM) to release management resources for developing meaningful, long-term
relationships."

Ellram (1991)

"An integrative approach to dealing with the planning and control of the materials flow
from suppliers to end user."”

"A system whose constituent parts include material suppliers, production facilities,

Stevens (1989) | distribution services and customers linked together through the feed forward flow of
materials and the feedback flow of information."
Jones & Rilley | "SCM techniques deal with the planning and control of total materials flow from
(1985) suppliers through end-users."
Oliver & "SCM covers the flow of goods from supplier through manufacturing and distribution
Webber (1982) | chains to end user."

2.2. Objectives of SCM

It can comprehend that with the variations in business environment, organisations

have taken steps to form strategic alliances with supply chain partners, with the

objective of declining unpredictability and increasing hold of channels with respect

to distribution and supply of goods. Such associations together help organisations to

upgrade the performance (financial and operational) of every network partner

through minimising total cost in the supply chain and inventories by an increase in

sharing the real-time information. Therefore, it is extremely crucial to realize the

central purpose of SCM.

26




The fundamental objective is to "add value.™

The aim of SCM is to enhance the overall value generation. Value is the difference
between the costs of particular item incurred by the customer, and the effort laid
down by the supply chain to satisfy the demand of the customer. In simple term,
SCM is primarily meant for satisfying the customer’s requirement and in the entire
process ensuring profit for them (Chopra, Meindl, and Kalra, 2010).

Furthermore, according to Cooper et al. (1997b), "SCM is designed to face the
market challenges and helps the firm to eliminate non-value adding activities". The
fundamental objective of SCM is to enhance the productivity and competency of
organisations (Hsiao, 2006). It is also essential to minimise the allied costs incurred,
to improve the flexibility and that will increase the competency and performance of
SCM. It has been acknowledged that efficient and effective SCM can enhance
customer value and reduce operating cost. Value has a strong relation with the
profitability of supply chain, and an efficient and effective supply chain optimizes
performance in delivering customer requirements and reducing costs while ensuring
resources optimization. Some of the primary objectives of SCM are as follows:

e Cost Minimisation

e Profit Maximisation

e Customer Fulfilment

e Reliability

e Shorter Lead Time in delivery
e Fast Cash Cycle

e Business Development

e Economical Delivery

e Faster delivery

e Right quality

e Less Inventory
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For increasing competitiveness with respect to organisations, SCM is regarded as the

best operational strategy (Gunasekaran & Kobu, 2007; Winser, 2003). Therefore,

today the organisations on realizing the importance and impact of managing SCM

have started paying attention to the continuous improvement to fulfill the desired

aims of SCM in the process of achieving advantages of an effective and efficient

supply chain. Scholarly studies conducted previously, have found tangible gains

garnered through efficient and effectively managed SCM (Harrington, 1999; Alber
and Walker, 1997; Cooper et al., 1997b; Higginson and Alam, 1997; Giunipero and

Brand, 1996; Cooper and Ellram, 1993). Some of the benefits of well-managed

supply chain are as follows:

Closer relationship with chain members
Cost reduction

Inventory reduction

Productivity improvement

Cycle time reduction

Reliable delivery responsiveness to changes
Customer service level improvement

Profit margin improvement

2.3. Seven Goals/ Principles of SCM

Since the chapter has discussed the definition and meaning of SCM, this section

mentioned the seven significant requirements for prosperous SCM. The 7 R’s (R

means Right) of SCM are as follows:

1.

2.

Right Product
Right Time
Right Condition
Right Quantity

Right Place
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6. Right Cost

7. Right Customer

2.4. Supply Chain of Fruits and Vegetables (F&V)

Over the years, the definitions have changed and broadened the scope of SCM, but,

these definitions are still limited to manufactured products and services with little

attention paid to agriculture (Shukla and Jharkharia, 2013). F&V constitutes a

significant part of the world economy and is the raw material for many industries.

Among the agricultural produce, perishable food produce like F&V has got the least

attention. The SCM of F&V constitutes the processes from production to delivery of

the agro-fresh produce, i.e., from the farmer to the customer. SCM of F&V is

complex as compared to other SCMs due to the perishable nature of the produce,

high fluctuations in demand and prices, increasing consumer concerns for food

safety & quality (Vorst & Beulens, 2002), and dependence on climate conditions

(Salin, 1998). Some definitions of fresh supply chain and agriculture supply chain

are shown in Table 2.2, which would give an idea in a nutshell.

Table 2.2: Definitions of Food Supply Chain/Agri Supply Chain

Author(s) Definition
Canfora (2016) "Agricultural supp_ly chain (ASC) i_s the goal of attaining sustainable agr_iCL_JIture,
through the reduction of transportation costs and consequently of CO2 emissions."
Kusumastuti et al. "ASC is supply chains of products of agricultural origin."
(2016)
"Food supply chain (FSC) stated as the direct exchange of food from the farmer to
European the consumer, or the different stages of activities such as the processing of raw

Commission (2015)

agricultural commodities as well as the checking of consumer safety standards and
packing or transport activities, which add value to food products before they
sold."”

Yared et al. (2014)

"FSC is a sequence of operations that is concerned about the perishable nature of
the produce, high fluctuations in demand and prices, increasing consumer
concerns for food safety and dependence on climate conditions."

Tsolakis et al. (2014)

"Agri-food supply chains (AFSC) is a set of activities in a farm-to-fork sequence
including farming (i.e., land cultivation and production of crops),
processing/production,  testing, packaging, warehousing, transportation,
distribution, and marketing."

"ASC starts from the input to the consumer, requires integration to achieve the

Parwez (2014) objective of an efficient and effective supply chain mechanism."
B "FSC stated as a mechanism that adequately provides information of consumers, a
osona and ! - s . .
variety of the food attributes, country of origin, animal welfare, and genetic
Gebresenbet (2013) N ! "
engineering related issues.
Shukla and Jharkharia | "FSC defined as the processes from the production to consumption of fresh
(2013) produce (fruits, flowers, and vegetables)."
Bukeviciute et al. "FSC defined as a wide diversity of products and companies, which operate in
(2009) different markets and sell a variety of food products."
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From a farm gate to the consumers, the horticulture products passes through six-
seven different distribution channels (Viswanadham, 2007). F&V produced in the
farmer’s field reaches the end consumer through a chain of intermediaries. These
intermediaries carry out various functions, such as movement of goods, transfer of
ownership of goods, quality & quantity preservation, vendor’s payment,
maintenance and final delivery to the customer (Halder & Pati, 2011). An

illustration of the supply chain of F&V is depicted in Figure 2.2.
2.5. Stakeholders in the Supply Chain of F&V Sector in India

There are several players involved in fulfilling the needs of the consumer in the
SCM of F&V. These players are farmers, local traders, agents (commission agents),
transporter, auctioneers, wholesalers, processors, a traditional retailer of all type of
formats-family run 'mom and pop' stores, roadside shops, pavement shops and cart
vendors apart from farmers and customers. Farmers are the cultivators of produce
and source of supply. They are small by landholding and yield volume of the crop,

and highly fragmented across geographical areas.

Agents, auctioneers, and wholesalers are traders in this supply chain. Agent and
auctioneers are the first level of middlemen in this supply chain and transfer
commodity from producers to wholesalers. Numbers of transfers of ownership as
well as transshipments of F&V depend upon the number of agents present in
between farmers and wholesalers. An agent operates from shops of small space,
works for one or more wholesalers and usually deals with a particular range of F&V.
The traditional retailers buy F&V from wholesalers and sell directly to customers.

The families-run 'mom and pop' type stores sell staple products including F&V.

Farmers may sell the product directly to the consumers or traders or food processors,
without or after storage of the fresh produce; cold storage units; food processing
entities; packaging units; wholesalers or distributors; retail chains or other forms of
retailers; hotels, restaurants, caterers; and consumers. The consumers may get the
fresh produce from the farmers directly or through a combination of the different

players in the supply chain.
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Figure 2.2: Supply Chain for Fruits &Vegetables sector in India

Source: Modi et al., 2009

The commission agents and local traders perform the function of aggregators. On
behalf of big traders, they procure the fresh produce from the small growers. Some
big farmers used to sell their produce directly to the local Mandis (marketplace).
Usually, farmers prefer to sell their produce to local agents or trader rather than
selling directly in Mandi. Sidhu et al. (2010) in his study found that more than 90%
of the produce disposes through commission agents/wholesalers and a small
proportion sells through retailers and directly to consumers. All the links from
farmers to end user of the commodity constitute supply chain of the F&V sector in

India.

The supply chain may pass through all the stages referred above or only through
some of them. Some farmers may sell their produce on the farm itself to the
intermediaries. Some may sell to the trader through local commission agent. Some
big farmers with large land size holding may sell directly to the mandi. Some may
keep a small part of the produce for consumption and sell the rest. These approaches
provide a low return to the farmer. If the produced is stored and sold according to
the favourable marketing condition, then the return will be higher. However, the

farmers do not store any produce because of lack of storage facility. Processing of
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F&V will add value to it. Only primary processing is done by the farmers, which
include the processes such as manual sorting and grading, packaging. Generally,
food items are processed by the firm involved in the business of export and

processing of food items.
2.5.1. Cold Chain

A cold chain protects a wide variety of food products from deteriorating in the
whole supply chain by providing the temperature-controlled facility. It is a logistic
system that provides a series of controlled temperature storage and transport
conditions from the point of origin to the point of consumption, i.e., from farm to
fork. It saves fresh produce from degradation, humidity, improper expose to
temperature and keeps them fresh, frozen, and chilled (Saurav and Potti 2016;
Bishara, 2006). Fresh foods, like fruits, dairy items, vegetables, meat and poultry,
and confectionary items requires continuous and uninterrupted temperature
controlled atmosphere known as cold chain due to their perishable nature. By
controlling proper temperature throughout the chain can improve the shelf life of the
products for days, weeks and even for months (for some products) and minimise the

chances of losses. The basic concept of cold chain is depicted in Figure 2.3.

TEMPERATURE

CONTROL COLD CHAIN LOGISTICS

{REFRIGERATION)

\J

Figure 2.3: A Cold Chain

Source: Sapra and Joshi (2011)

The fundamental difference between the supply chain of non-perishable items and
the temperature controlled supply chain, i.e., cold chain is the possibility of
degradation in quality and value of the product, which start from the farms to the
customer (Joshi et al., 2009). Table 2.3 shows the primary difference between
supply chain of non-perishables and cold chain. The cold chain starts at farm stage
and covers up to the consumer stage in a temperature controlled practices and

behavior.
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Table 2.3: Difference between supply chain of non-perishables and cold chain

Supply Chain of Non-Perishable

Cold Chain

Includes temperature-insensitive products like nuts,
bolts, and equipment.

Includes temperature-sensitive items like plant and
animal-based product.

Produce information regarding the transaction
(order, shipment, payment) and location

The cold chain includes condition and time along
with transaction and location.

Stops as the product reach the customer.

Includes customer practices related to temperature
sensitivity.

No degradation in value while in transport.

Continuous degradation in value right from the
producer till final consumption.

Different products can be loaded based on the space

The different temperature required for different

products, e.g_, milk is to be kept at 48C to 108C,
whereas ice cream requires- 18 degree Celsius.
Refrigerated
transportation.
Require keeping the refrigeration system in a
running state, which devours more cost.

available.

Less transportation cost as ordinary trucks, vehicles vehicles for

are used.

are  mandatory

Can bear being stuck in traffic jam.

Source: Joshi et al. (2009)
Cold chain infrastructure generally consists of grading, sorting, packing, storage,
processing, and transportation facilities. A typical cold chain infrastructure is shown
in Figure 2.4. It contains precooling system at farms to keep the produce fresh and
refrigerated vehicles & containers for the effective and efficient movement of F&V
from the point of origin (i.e., Farm) to the point of consumption (i.e., Fork). It also
requires cold storage facilities to store the fresh produce in a temperature controlled

warehouse to maintain the quality of F&V, so the quality cannot be deteriorated.

Supply

Storage
Procurement

*Precooling System sRefrigerated Trucks +Cold Storage sRefrigerated Trucks <Retail, Terminal,

*Farms (Rural *Refrigerated *Warehouses *Refrigerated Markets, Factory,
Markets) Railway Wagons Railway Wagons Ports, Airport
*Manufacturers *Refrigerated Cargo *Refrigerated Cargo
Containers Containers

Figure 2.4: The Cold Supply Chain Infrastructure

Source: Sapra & Joshi (2011)

The reasons for excelling in proper implementation of cold chain requires constant
observation of temperature throughout the supply chain and has suitable measures
and action plans in place, to reduce the cost, improving the reliability of the
product, enhancement in customer satisfaction and reduction of wastage & returns
of the expired stock (Sapra & Joshi, 2011). Table 2.4 shows the status of cold chain

in India.
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Table 2.4: Overview of the status of Cold Chain in India

1 | As per the data available as on 31%t July 2015, there were 7,129 numbers of cold storages having a
cumulative capacity of 32.86 MMT.

2 | UP. state has highest numbers of cold storage followed by the state of Gujarat, Punjab, Maharashtra,
and West Bengal.

3 | Most of the cold storage 1s standalone regular cold storage. The capacity of state of the art CA/MA
chambers is tiny.

4 | 96 % of the cold storage 1s in the hands of Private Sector; more than 75 percent of the capacity 1s
utilized only for potato, and only about 23 percent are under the multi-commodity category.

5 | Much of this multi-purpose cold storage capacity is located in the states of Karnataka, Maharashtra,
West Bengal, Tamil Nadu, and in the National Capital Region (NCR).

6 | The push to build up storage capacity through cold chains has not been successful in vegetables and
limited for fruits, meat, and Fish.

7 | The available cold storages are not linked to the Farm and market through controlled temperature
(Reefer vang) transportation.

Source: NCCD (2015a)

2.5.2. Challenges in Cold Chain
Despite the enormous opportunities, the cold chain industry is at a nascent stage

with various challenges as discussed below.

India stores only two percent of its horticulture products in temperature-controlled
conditions, while China stores 15% and Europe and North America stores 85% of
their products in such conditions. Adequate cold storage facilities are available for
just about 10% of India's horticulture production. Of the total annual production, 30-
40 percent gets wasted before consumption. During the peak production period, the
gap between the demand and supply of cold storage capacity is approx. 25 million
tonnes (ONICRA, 2012). Although cold storage capacity of over 30 million tonnes
has created in the country, the concept of cold-chain is still in its infancy in India.
Because India is producing about 265 million tonnes of F&V every year, the
development of cold-chain networks assumes high priority. Owing to the
tremendous pressure on improving supply chain and reducing losses during produce
handling and movement, the need for creation of a cold chain network is crucial for

perishable food commodities.

The cold chain sector involved in the business of F&V have ample opportunities as
India is the largest and second largest producer of many F&V such as Mango,
Guava, Banana, Papaya, Okra, Potato, Onion, Tomato, Cabbage in world production
(NHB, 2017).
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Regionally, the existing cold storage capacity is concentrated concerning both
number and capacity in the northern region. Uttar Pradesh and West Bengal contain
over 65% of the cold storage units in the country and the rest are spread across
India. The Region Wise Number and Capacity of Cold Storages in India are shown
in Table 2.5.

Table 2.5: Region-wise Number and Capacity of Cold Storages in India (2015)

East/North

Central North South West All India
East
1209 7129
0, 0, 0, 0,
Number 470 (6.5%) | 1051 (14.7%) | 3419 (47.9%) | 980 (13.7%) (16.9%) (100%)
Capacity
L 17.31 32.81
0, 0, 0, 0,
(|V|N|||¥;>n 1.73 (5.3%) | 8.11 (24.6%) (52.6%) 2.57 (7.8%) | 3.09 (9.4%) (100%)

Source: NCCD (2015b)

The existing cold storage facilities are available only in the wholesale market or
nearer to that market. The local market or regional market does not have the cold
storage facility where the farmer sells the major fresh produce. Cold storage in India
has largely adopted for long-term storage of potatoes, onions and high-value crops
like apples, grapes, and flowers. 75% of the cold storage capacity is used to store
potatoes, while only 23% fall in the multi-product category (ONICRA, 2012).

There are various bottlenecks in the cold chain. Some of the major bottlenecks on
cold chain are Inadequate usage/improper management of cold storage (Bhardwaj
& Palaparthy, 2008); Inadequate capacities to serve the needs (Narula, 2011),
(Halder & Pati, 2011), Lack of cold storage and warehousing facilities (Veena et
al., 2011); (Bhardwaj & Palaparthy, 2008); (Dharni & Sharma, 2008), Irregular
supply of power or shortage of power to run cold chain (Kapoor, 2009); (Shukla,
2010) and Poor post-harvest cold chain technology (Kapoor, 2009). Further, the
identified bottlenecks in cold chain of F&V supply chain in India may graphically

be represented as Figure 2.5.
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Figure 2.5: Bottlenecks in Cold Chain

Source: Negi and Anand (2015)

2.6. Supply Chain Models of Fruits and Vegetables in India

Generally, three types of supply chain model for F&V sector are followed in India,
i.e., Traditional Model, Hub and Spoke Model, and Value Chain Model (Halder &
Pati, 2011; Negi and Anand 2016). All these three types of model has been

discussed below in detail.
2.6.1. Traditional Model

Traditional Model' is a complex chain for the supply flow of F&V, which is
predominantly followed currently in the traditional supply chain. Figure 2.6 outlines
the Traditional supply chain model for F&V in India. Players involved in this model
are agents (commission agents), auctioneers, wholesalers, a traditional retailer of all
type of formats like family run 'mom and pop' stores, roadside shops, pavement
shops and cart vendors apart from farmers and customers. Agents, auctioneers, and
wholesalers are traders in F&V supply chain. Farmers are the cultivators of produce
and source of F&V produce. In this model, farmers sell their produce to the retailers

through various intermediate partners who eat the entire price share in the market.
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Agent and auctioneers are the first level of middlemen in this model and transfer
F&V from producers to wholesalers. Numbers of transfers of ownership as well as
transshipments of F&V depend upon the number of agents present in between
farmers and wholesalers. Usually, wholesalers do not get involved in transportation
of F&V, both inward and outward transportation. The traditional retailers buy F&V

from wholesalers and sell directly to customers.

Leg1 Leg 2 Leg 3 Leg 4
= ) T
- Whole o
§ Salers &
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@ Auctioneers Retailers g
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Figure 2.6: Supply Chain of Traditional Model

Source: Halder & Pati (2011)

Logistics of F&V in this model have four phases that are producers (farmers) to
agents (commission), agents to wholesalers, wholesalers to traditional retailers and

traditional retailers to customers. These phases are discussed below:

Leg 1: F&V transported from farmland to agent. Farmers are responsible for
bringing the F&V to agent's premises/area. In case of a pre-harvesting contract, the
auctioneers take care of the transportation of F&V from farm to his premises/area,
and the seller is responsible for transportation for the trade of F&V between the
auctioneers and agents. Leg 2: Goods are transported in non-temperature controlled
or unorganised trucks. Agents manage and make all the arrangements to pick-up
F&V directly from farm locations to the wholesaler's (Generally known as Mandis

in India) premises for the large quantity of produce.

Leg 3: Buyers of wholesalers from Mandi places make their arrangement for

transport from wholesale market or Mandis to their places.

Leg 4: It consists of the Local customers who reach the F&V retail shop by walk,

which generally include Kirana store, Typical Mom, and Pop store.
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In short and summarize way, this model includes traditional retailers, cart vendors,
and commercial customers who buy F&V and make their arrangement for transport

from the wholesale market to their destinations.

e Domestic customers shop their F&V at traditional retailer’s stores, which are
located nearby close to their residence and where they can walk down.
e F&V are also delivered at the doorsteps of the customers by cart vendors
who sell in pushcarts, tricycles, and bullock carts.
2.6.2. Hub and Spoke Model

Organised retailers including prominent players like Food Bazaar (Pantaloons Retail
(India) Ltd), Spencer's Retail and More (Trinethra Super Retail Ltd.) are adopting
'Hub and Spoke' Model for the Supply Chain of F&V. Figure 2.7 illustrates the Hub
and Spoke model of F&V Supply Chain. Only a few players are involved in this
type of model. Farmers, organised retailers, wholesalers, and customers are the
partners involved in this chain. In this type of supply chain model, buying centers,
hub, and stores (retail outlets) are operational units of the organised retailers. Small
farmers and contract farmers are the primary sources of supply of F&V for
organised retailers in this model. The organised retailers collect the F&V directly
from the farmers to their buying centers and then transport to their hub that is served
by one or more buying center, and then the F&V are further distributed to their retail
outlets. Hub infrequently buys a small volume of produce from the local wholesale
market to balance demand-supply gap. Only one hub serves a retail store. The store

sells F&V in retail quantity to the customers as per the demand.

In this model, F&V travel in four phases/legs, namely farmers to buying centers of
organised retailers, buying center to hubs, from hub to the organised retail stores and
then finally retail outlet to the end consumer. The transactions and the movement of

F&YV that takes place in each phase of this model are discussed as:

Leg 1: Farmers transport their cultivated F&V from farming location to the buying
centers of the companies. In case of contract farmers, buying centers arrange their

self to pick up F&V in a truck from the farm gates of the contract farmers.

Leg 2: The transportation of F&V from buying centers to the hub is arranged and
managed by the buying center in unconditioned trucks.
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Leg 3: Finally, the fresh F&V are transported from hub to stores, and degraded or
shelf life-expiring F&V are picked up from stores to the hub.

Leg 4: Customers buy fresh and healthy F&V from the organised retail stores.

Leg 1 Leg 2 Leg 3 Leg 4

Buying o

CODW i
Whole o
Salers e

Traditionsl Retailing route

Figure 2.7: Supply Chain of Hub and Spoke Model

Source: Halder & Pati (2011)
2.6.3. Value Chain Model

Currently, only a few organised retail players like Reliance Fresh (Reliance Retail
Ltd) follows a Value Chain Model. Organised retailers who adopt this type of model
procure the F&V directly from farmers either through contract farming or by taking
the farm on lease and sell to customers without the help of any intermediaries. This
model is purely based on backward integration and focused towards building an
entire value chain by the organised retailers starting from the farmers to the end
consumers. Compared to the other supply chain models, Value Chain Model
comprises of only a few partners, i.e., Farmers, organised retailers, and customers.
In this practice, farmers, organised retailer's operational units, consolidation centers,
hub (distribution centers) and retail outlets stores, and customers are the players.
Small farmers, contract farmers, and lease farmers are the primary source of supply
of F&V to the organised retailers. Contract farmers and lease farmers are those
farmers who execute a trade agreement with the organised retailers for sale of F&V.
Figure 2.8 illustrates the Value Chain Model of F&V supply chain in India. F&V
move from farm locations to customers in four phases, farmers to consolidation
centers, consolidation centers to the hub, hub to retail outlets (stores) and stores to

customers. Customers buy and pick up fresh F&V from the organised retail stores.
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The stores for a shorter coverage area and high value of purchase provide home

delivery in this type of model.
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Figure 2.8: Supply Chain of Value Chain Model

Source: Halder & Pati (2011)
The 4 Legs, which connects the stakeholders in this model are discussed below:

Leg 1. Farmers transport their F&V from farming location to the consolidation
centers through farm tractor, bullock cart, mini truck, bicycle, tricycle, and
motorcycle. Consolidation centers of the organised retailers arrange to pick up F&V

in a truck from the farm gates of the contract farmers/lease farmers.

Leg 2: Consolidation centers arrange transportation of F&V from consolidation
centers of the organised retailers to their hub. In this process, both temperature-
conditioned and unconditioned trucks are used for the logistics of F&V. In case of
contract farming, the hubs get direct delivery from the farm location of contract

farmers.

Leg 3: From the place of the hub to the organised retailer store, fresh F&V
transported twice a day. F&V whose shelf life is expiring, get back return to the hub

once a day in unconditioned small trucks for further disposal.

Leg 4: In this stage, customers buy and pick fresh F&V from the organised retail
stores. Some organised retailers also provide the facility of direct home delivery to
the customers ranging within a shorter period of distance in case of the high value of

the purchase.
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As discussed above, the traditional model of F&V supply chain is followed in India
where farmers prefer to sell their products to the Mandis through local agents or
trader rather than selling directly. According to Artiuch and Kornstein (2012); Sidhu
et al. (2010); Modi et al. (2009), "More than 90% of the product disposed of through
commission agents/wholesalers and a small proportion sells through retailers and

directly to consumers".

The entire supply chain of F&V sector in India is suffering from maximum
inefficiency resulting in losses and wastage in the supply chain. This leads to a
situation where relatively higher money is incurred by the final consumers and less

remuneration for the farmers (Negi and Anand, 2014).
2.7. Major Companies in Fruits and Vegetables Business in India
Some major players who are involved in F&V business in India are as follows:

1. Adani Agri Fresh Limited

2. Safal by Mother Dairy

3. Reliance Fresh

4. More by Aditya Birla Group

5. Nature’s Basket by Godrej Group

6. Food Bazaar by Big Bazaar (Future Group)
7. Namdhari's Fresh

8. Snowman Frozen Foods

9. Fresh & Easy

10. Big Basket

11. Dev Bhumi Cold Chain Ltd

12.Fresh and Healthy Enterprises by CONCOR, India

Concluding Remarks

This chapter concludes the discussion on SCM in generic and specific to F&V
sector. It also discusses the stakeholders involved in the supply chain of F&V, a
brief about cold chain and the challenges faced by cold chain in India. Finally,
supply chain models of F&V are discussed in this chapter. The next chapter
describes the literature available on SCM of fresh produce, Economic analysis,
Supply chain inefficiency, and Theory of Constraints. It also brings out the research
gap concerning developing a framework for improving supply chain efficiency and

the importance of efficient supply chain in F&V sector.
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3 . LITERATURE REVIEW

This chapter depicts a review of the existing literature on SCM of perishable fresh
produce, challenges, losses and wastage in F&V sector, studies on supply chain
efficiency, and Theory of Constraints. Extensive and rigorous review has been
conducted under nine themes, which tried to comprehend the past research
conducted in the area of the supply chain of F&V sector and explores approaches
for improving supply chain efficiency. This chapter also presents the logical flow of
research from the perspective of understanding of the scenario, to research gaps,
concluding the research problem and reviewing the suitability and applicability of
theoretical premise to address the research problem and research questions. It also
highlights the significance of efficient supply chain in F&V sector, which is the need

of the hour and finally shows the theme wise gap.

The literature review supports in designing research objectives, framing a research
design, selection of the variables and developing a questionnaire. In accordance with
the business problem of the study, an extensive literature review was carried out

under the following nine themes.

Theme 1: Supply Chain Management of Perishable Food Produce

Theme 2: Challenges in the Supply Chain of Perishable Food produce in India
Theme 3: Economic Analysis of Supply Chain losses in F&V

Theme 4: Defining Supply Chain Efficiency

Theme 5: Past Studies on Supply Chain Efficiency

Theme 6: Measuring Supply Chain Efficiency

Theme 7: Measures to Improve Supply Chain Efficiency

Theme 8: Significance of Efficient Supply Chain in F&V Sector

Theme 9: Past studies on Goldratt's "Theory of Constraints” Thinking Processes
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Each theme is discussed in detail in this section.
3.1. Theme 1: Supply Chain Management of Perishable Food Produce

Various studies have been carried out on perishable fresh produce with respect to
supply chain, globally and in Indian scenario particularly. The studies, which have

been conducted globally, are discussed below.

Bahinipati (2014) studied the SCM of food and evaluates the longevity of changes
introduced in the procurement functions, ICT infrastructure aiding e-market and
enables a joint framework, which is controlled in nature that provides inputs to the

managers associated with various food companies.

Macharia et al. (2013) conducted a study, which demonstrated consumer-focused
oriented approach is lacking in developing countries but has a tremendous potential
to negate challenges to food safety and security including several aspects of quality
of environment as well as emphasising on the health of the consumer. The main

emphasis of the study was on food safety.

Iliopoulos, et al. (2012) identified the various approaches relating to innovation as
well as implementation having greater chances of succeeding and have also revealed
the factors, which have a deeper impact on implementation of innovations relating to
fresh fruits by the end users. The study found that in order to scale new heights in
F&V sector, there is a tremendous requirement for ideas on consistent learning,
market positioning, and acquisition of knowledge. The study was focused on

consumer-driven and responsive fruit supply chains.

Tan (2012) conducted the study in China on logistics management of agricultural
produce highlighting the specific environmental aspects in the supply chain. In
continuation of the theoretical framework related to green supply chain of the bi-
products of agriculture, the researcher evaluates the needs and prerequisite of green
supply chain and has suggested mathematical model and organisational system for

the betterment of green supply chain.

Xiao and Chen (2012) conducted a study in China on transportation of fresh
products in supply chain, wherein the authors consider the delivery of fresh products
from the point of origin to the market place. The researcher took into consideration
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the supply chain mechanism involving a distributor and producer investigated the
two most commonly adopted supply chain models i.e. Push and Pull model. It was
found that, if the pull model is implemented, both the producer and distributor
would be benefitted, thereby on a larger perspective the supply chain would be
enriched.

Perdana and Kusnandar (2012) developed a triple helix model for F&V SCM in
Indonesia consisting of marginal farmers required to meet the market demand on a
global level. In order to overcome from the problem of meeting the quality aspects
of the agricultural goods of Indonesia, authors discussed the use of triple helix
model for the purpose of communications between exporters, supporting
institutions, government and academic institutions in developing SCM of F&V
sector. The study highlighted that there is a requirement of innovation with respect
to the institution, which has a tremendous potential of reducing the risk and would
be able to extend support facilities to the agriculturalists to cater to the demand of

global market.

Zheng and Lu (2011) conducted a study on supply chain of agricultural goods and
its safety in China and evaluates food safety issues present in each link of the chain
(production link, processing link, logistics link, supervision link, sales and
consumptive link). The authors suggested various counter measures like, food
safety, green supply chain, establishment of an effective purchase, supply and
review system, supervision of quality system in each strand of supply chain. Further
measures suggested by the authors included; speed up the process of quality
standardisation, strengthen the publicity of quality safety, Spread legal and moral

issues of the entire society, and ensuring prompt warning systems of food safety.

Lin and Wu (2011) conducted a study on selection of supplier for fresh F&V via
direct purchasing in Taiwan. Authors emphasised on assessing the parameters for
supplier selection in F&V through direct purchasing for supermarket retailers. The
study shows that product quality, pricing in procurement, food safety and
consistency of the product are the key parameters for supplier selection. In addition,
the collaborative relationships and trust between the partners is a very important

aspect.
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Fuente and Ros (2010) conducted the research on cold chain of F&V in Spain, in
which they focus primarily on the creation of a prototype for strategic model of
nodes in supply chain network. The authors developed a combined model for
interaction among logistics industries and transportation systems, which allows
knowing the location of the merchandise aiding its distribution concerning food

safety and traceability.

Blandon et al. (2009) did a research study on marginalized farmer’s participation in
supply chain with the help of a case of the supermarket supply chain for F&V in
Canada. The authors explored the necessity of collective action and transaction cost
in determining participation of marginalized farmers. Relationships based on the
premises of trust between the seller and buyer, incentivizing the farmers, collective
actions and devising mechanism for reducing prices are some of the important
factors that should be taken into consideration while including small-scale farmers

in a new supply chain.

Ruteri and Xu (2009) studied the supply chain operation, idea about SCM and
identified the issues faced by Tanzania food industry. The major challenges that
hinder the organisational growth and inhibits them to compete at the global level are

Research & Development, physical infrastructures, capital, and technical expertise.

Clements et al. (2008) conducted a study in New Zealand on SCM of fresh produce,
which investigated the various links that existed between customer requirements.
Authors developed a theoretical framework, where the nature of relationships were
characterised as a connection between various parties. The developed framework

was operationalised by the use of case studies in South Island of New Zealand.

Hingley et al. (2008) conducted an extensive literature review to evaluate the
possible scope available and the positive welfare effects of diverse strategies in food
sector. The study analysed the present structure and management of F&V and salads
for the requirement of new product sourcing, diverse policies, and innovation

conducted by global retailers.

Thron et al. (2007) assessed alternative SCM structures for perishable food items in
UK. Authors evaluated the repercussions of manifold supply chain advancements
and also analysed characteristics including safety inventory level, inventory
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delivering, inventory refilling, through-put policies and transparency in increased
demand due to integration between multiple on one hand and manufacturer on the
other. The significance and effect of the above parameters have been systematically
evaluated employing various performance measures. In this study, a higher degree

of emphasis is placed on engagement in collaborative replenishment.

Matopoulos et al. (2007) analysed the concept of collaboration in supply chain and
developed a conceptual framework, which could be used by further potential
researchers conducting empirical studies, using this technical know-how in Greece.
The finding shows that collaboration in supply chain is vital for food industries. But,
certain issues occurs because of the nature of industry’s products, and the specific
structure of the sector. Subsequently, supply chain collaboration is frequently central

to logistical activities and operational issues.

Fearne et al. (2006) in their study on supplier-buyer collaboration in the fruit sector
in UK. This study shows how a joint endeavor in managing demand can
substantially enhance customer services, which would eventually benefit fruits
suppliers and supermarket retailers. The study emphasises the importance of
collaboration in agri supply chain and shows that providing demand access to
suppliers cast a vital consequence on the performance and service levels of the

supply chain.

Rastoin et al. (2006) discuss the agricultural trade and its economic impact on F&V
supply chain of European countries. Through a within region benchmarking

approach, the authors developed a vulnerability index.

Taylor and Fearne (2006) developed a structure for enhancing demand management
in the supply chain of food sector in UK. Authors stated a tendency for improper
management of supply and demand, because of the issues such as unsuitable
policies, demand amplification, and continuous irregularities with the data handling

aspects and information systems.

Vasileiou and Morris (2006) conducted a study on the supply chain sustainability of
potatoes. Authors evaluates anticipation of the relevance of socio-economic and
environmental causes, as these are primarily responsible in manipulating crucial
decisions made by producers, traders, and retailers. It was found that market factors
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along with the economic factors, allied with staying in competitive market were the

key concern for all members in the supply chain.

Cadilhon et al. (2005) demonstrate the importance of collaborative commerce in
multinational organisations through their study on vegetables supply chain in
Vietnam. Authors concluded that the outcomes from collaborative commerce are
general for all to see but a minimal degree of the same is put into practice in food
retail chain, because of unsuitable culture present in organisations and the markets

driven by competitive mindset.

Salin and Nayga (2003) conducted a research study on cold chain and tried to
understand the nature of relationship in cold chain, which is basically used for
export of food items in most of the developing countries. The findings states that
issues relating to technical know-how is systematically managed by multinational
food retailers with specific guidelines and exclusive supply chain, and the small

food retailers employs broad networks for the supply of potatoes that are imported.

Cadilhon et al. (2003) present a framework for analysing the supply chain of
vegetables in South East Asian countries and understanding the role of wholesale
markets in supply chain. The role of trust and collaboration among stakeholders in

vegetables marketing system is highlighted in the study.

Roekel et al. (2002) review the challenges involved in supply chain development
with reference to issues in developing countries. Three cases in global fresh food
supply chain (Thailand, Netherlands, and Ghana) are discussed in this study. The
cases discussed, exhibits various risks involved and also the reasons for success in
the development of supply chain. The success factor for supply chain collaboration

are transparency, commitment and high level of trust among the partners.

Fearne and Hughes (2000) presented recent evidence of developments in the supply
chain of UK food industry and discussed the factors responsible for success. The key
success factor identified in the study are cost control, continuous investment,

suitable employees, innovations, and growth.

Broekmeulen (1998) presented a tactical decision model that improves the

effectiveness of the operations of a distribution center for vegetables and fruits in
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Netherlands. The proposed solution strategy for the assignment problem for
vegetables and fruits seems to work for problem sizes, such as in the case of the

wholesaler of vegetables and fruits.

Folkerts and Koehorst (1997) identified the issues in global food supply chain. The
study emphasis on the requirement of the European agribusiness to restructure their
operations in supply chain, both at organisational and technical level, to gain
operational efficiency and maximise customer satisfaction. The finding shows that
there forward and vertical integration is important to gain competitive edge in food

industry and agribusiness.

Grimsdell (1996) examines how the agribusiness company named British Field
Products has improved its supply chain efficiency. The study shows that the
fundamental requirements for efficient supply chain are continuous supply,
alliances, scale of operation, quality control, flexibility in production, and

continuous communications among the partners.

Wilson (1996a) looks at the concept of SCM with the help of a study conducted in a
grocery market in UK with respect to banana supply chain, contemplating the issues
linked to marketing and distribution of fresh items. The emphasis of the study was
on three major food companies in UK, which found that vertical integration is

witnessing an accelerated introduction in food retailing.

Wilson (1996b) shows how supply chain has been moved from neo classical theories
to a different paradigm for business. The author puts forward the arguments that
competitive advantage can be availed by increasing coordination in the fresh

produce supply chain.

It can be seen in the past available literature that various studies have been
conducted globally on different specificities of supply chain in fresh food produce.
Most of the studies have been conducted in China and Europe where supply chain
collaboration is focused more to improve the supply chain of fresh produce. It can
also be seen from the past study that there is a lack of study on reasons for supply
chain inefficiency with reference to fresh produce at different stages. The summary
of the literature review on SCM of perishable food produce-a global perspective is
given in Table 3.1.
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Table 3.1: Summary of the Studies on Supply Chain Management of Perishable Food Produce-

A Global Perspective

Authors, Inference
Theme Year
... | This study evaluates the longevity of changes introduced in the
Bahinipati - : .
(2014) procurement functions, ICT infrastructure aiding e-market and enables a
joint framework.
. Demonstrated consumer-focused oriented approach is lacking in
Macharia et . - .
developing countries but has a tremendous potential to negate
al. (2013) .
challenges to food safety and security.
Identified the various approaches relating to innovation as well as
lliopoulos et | implementation having greater chances of succeeding and have also
al. (2012) revealed the factors, which have a deeper impact on implementation of
innovations relating to fresh fruits by the end users.
Tan (2012) Study on logistics management of agricultural produce in China
highlighting the specific environmental aspects in the supply chain.
Xiao and Study on transportation of fresh products in supply chain of China.
Chen (2012) | Considered the delivery of fresh products from origin to the market.
Perdana and | Developed a triple helix model for F&V SCM in Indonesia consisting
Kusnandar | of marginal farmers required to meet the market demand on a global
(2012) level.
Zheng and | Study on supply chain of agricultural goods and its safety in China and
Lu (2011) evaluates food safety issues present in each link of the chain.
Linand Wu | Evaluated the selection of supplier for fresh F&V via direct purchasing
(2011) in Taiwan. Emphasis on collaborative relationships and trust.
Fuente and | Study on cold chain of F&V in Spain. Focus primarily on the creation
Ros (2010) | of a prototype for strategic model of nodes in supply chain network.
Blandon et | The authors explored the necessity of collective action and transaction
Suoply chain al., (2009) | cost in determining participation of marginalized farmers.
e Ruteriand | Study on the supply chain operation, idea about SCM and identification
Management fihe i £ 2 food i
of Eruits & Xu (2009) | of the issues faced by Tanzania _ood industry. _ _
Vegetables Clements et | Study on SCM of fresh produce in New Zealand, which investigated the
al. (2008) various links that existed between customer requirements.
Hingley et al. | An extensive literature review to evaluate the possible scope available
(2008) and the positive welfare effects of diverse strategies in food sector.
Assessed alternative SCM structures for perishable food items in UK. A
Thron et al. . S . :
(2007) hlgher_ degree of emphasis is placed on engagement in collaborative
replenishment.
Matonoulos Analysed the concept of collaboration in supply chain and developed a
P conceptual framework, which could be used by further potential
et al. (2007) . . .
researchers conducting empirical studies.
Fearne et al. | Study on supplier-buyer collaboration in the fruit sector in UK. The
(2006) study emphasises the importance of collaboration in agri supply chain.
. Discuss the agricultural trade and its economic impact on F&V supply
Rastoin et al. . : . .
chain of European countries. With the help of benchmarking approach,
(2006) el
a vulnerability index was developed.
Developed a structure for enhancing demand management in the supply
Taylorand | chain of food sector in UK. Unsuitable policies, demand amplification,
Fearne and continuous irregularities with the data handling aspects and
(2006) information systems are some of the issues for improper demand supply
management.
Vasileiou Conducted a study on the supply chain sustainability of potatoes in
and Morris | Britain. Study evaluates anticipation of the relevance of socio-economic
(2006) and environmental causes.
. Demonstrated the importance of collaborative commerce in
Cadilhon et S L .
al. (2005) multinational organisations through their study on vegetables supply

chain in Vietnam. Study concluded that the outcomes from
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collaborative commerce are general for all to see but a minimal degree
of the same is put into practice in food retail chain
Salin and Study on cold chain to understand the nature of relationship in cold
Nayga chain, which is basically used for export of food items in most of the
(2003) developing countries.
Framework for analysing the supply chain of vegetables in South East
Cadilhon et | Asian countries and understanding the role of wholesale markets. The
al. (2003) role of trust and collaboration among stakeholders in vegetables
marketing system is highlighted in the study.
Review the challenges involved in supply chain development with
Roekel et al. | reference to issues in developing countries. The success factor for
(2002) supply chain collaboration are transparency, commitment and high level
of trust among the partners.
Presented recent evidence of developments in the supply chain of UK
Feame and | ¢4 jng d discussed the f ible f The k
Hughes ood industry and discussed the factors responsible for success. The key
success factor identified in the fresh supply chain are cost control,
(2000) ) . . ) .
continuous investment, suitable employees, innovations, and growth.
Broekmeulen | Presented a tactical decision model that improves the effectiveness of
(1998) the operations of a distribution center for F&V in Netherlands.
Folkerts and | The study emphasis on the requirement of the European agribusiness to
Koehorst restructure their operations in supply chain, both at organisational and
(1997) technical level, to gain operational efficiency and customer satisfaction.
Examines how the agribusiness company named British Field Products
. has improved its supply chain efficiency. Fundamental requirements for
Grimsdell . . . .
efficient supply chain are continuous supply, alliances, scale of
(1996) . d S . -
operation, quality control, flexibility in production, and continuous
communications among the partners.
Higher competition, product proliferation, focus on R&D, higher
Hughes competition for supply chain, branding, demand pattern, better customer
(1996) understanding are some of the future growth drivers of export markets
for UK fresh F&V.
Examines the concept of SCM with the help of a study conducted in a
. grocery market in UK with respect to banana supply chain. The
Wilson . - LA .
(19963) emphasis of the study was on three major food companies in UK, which
found that vertical integration is witnessing an accelerated introduction
in food retailing.
Wilson Study shows how supply chain has been moved from neo classical
theories to a different paradigm for business Competitive advantage can
(1996b) : - : AT ;
be availed by increasing coordination in the fresh produce supply chain.

The studies, which has been conducted in Indian scenario pertaining to SCM of

perishable food products are discussed below:

Balaji and Arshindera (2016) identified the reasons for losses and wastages in food
sector and anlyse their interrelationships. The authors identified 16 central reasons,
which includes several other causes within its domain. Unavailability of scientific
method for harvesting and existence of higher number of intermediaries in supply

chain are primarily considered as the root cause of the food wastage and losses.
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Negi and Anand (2014) presented the F&V supply chain scenario in India and
highlighted the requirement of an efficient and robust supply chain to mitigate the

challenges and minimise the losses in F&V sector.

Shukla and Jharkharia (2013) presented an extensive review of literature pertaining
to SCM in fresh produce sector and classified the operational issues as the reasons
resulting in post-harvest losses. The study also highlighted various research avenues,
which can be further explored in the area of fresh produce supply chain. The review
revealed that the studies conducted in past focused on revenue maximisation and
customer satisfaction while less consideration was placed on the reduction of losses
during post-harvest. The review paper also found that the operational issues are the
major reasons for losses from the farm gate to the consumers. Further this paper also
highlighted some other areas of key concern like, mismatch in supply and demand,

poor demand forecasting, minimal coordination.

Dey (2012) studied the supply chain of Rythu Bazaar in Andhra Pradesh, and an
attempt was made in identifying and addressing the inefficiencies that may exist in
the system and explore options to improve conditions of functioning in Rythu

bazaars. A supply chain model is also proposed by the author to address the issue.

Dastagiri and Immanuelraj (2012) explored the supermarkets models, which will
bring together marginal and small farmers with respect to Indian supply chain.
Information regarding marketing institutions and marketing model that are
associated with F&V in India were evaluated, and the characteristics and
consequences of various supermarkets of F&V were studied. The finding shows that
direct marketing model are the best-suited model because of absence of
intermediaries in the chain, hence, higher share in consumer rupee. The results also
revealed that supermarkets would completely eliminate the intermediaries and save

the marketing cost, transportation cost, and extra charges incurred by the farmers.

Patel (2010) studied the F&V supply chain of reliance fresh in India. In this study
the author tried to locate the supply mechanism of reliance fresh and also evaluated
the costs incurred in the supply chain. The study found that the fresh produce is kept
in proper cold storage for proper supply of F&V.
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Rajkumar (2010) made an attempt to study the distance covered with respect to
vegetables from the agricultural field to the point of consumption in conventional
and modern retailing in city of Chennai. The study found that there is a substantial

enhancement of food miles in case of modern retailers.

Reddy et al. (2010) studied the retailing and value chain of F&V in the state of
Andhra Pradesh in which they examine the trend and performance of organised
retailing and its effect on conventional retailers. It was found that for conventional
and modern retailing both the supply and demand side factors make a significant
contribution. Therefore, attaining efficiency in supply chain will be largely
responsible for value addition and facilitating in getting the fresh produce to the

market.

Chandrashekar (2009) studied the supply chain of F&V in Safal Market in the state
of Karnataka. Alam and Verma (2007) also identified the drivers in SCM including
big retailers and made a comparison of the financial benefits of the growers
supplying to big retailers with the ones supplying to private wholesalers with the

help of a case of Mother Dairy.

Singh et al. (2009) studied the challenges and opportunities in Uttar Pradesh, India
with respect to food retailing. The authors suggested a framework to provide an

enabling environment to entice private funding in the agricultural sector.

Artiuch and Kornstein (2012) outline the underlying structure and incentive within
India’s agricultural supply chain and assess the major issues and problem areas,
which contributing to food waste in India. Infrastructure (Storage, Road &
Transportation), government purchase and distribution scheme, middlemen,
bargaining power, price transparency, price volatility, financing, education, and
training are found the major issues contributing to food waste in India. Authors also

reported that most of the inefficiencies take place upstream of the wholesale market.

Halder and Pati (2011); Veena et al. (2011); Singh et al. (2009); and Bhardwaj and
Palaparthy, (2008) discusses the current supply chain of F&V in India and also
identified the opportunities & challenges. It has been highlighted in their studies that
the F&V supply chain is highly inefficient, resulting in wastage and high amount of
losses. The main drawbacks, which are found in the present supply chain, are non-
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availability of large scale post-harvest storage facilities, lack of clarity in policy
guidelines from the government, fragmented and small farmer degradation, poor
infrastructural facilities, high cost, non-reliability of delivery time, compromised
quality, significant number of middlemen, inadequate transportation facilities,
vulnerability to wastage, lack of technology, lack of market knowledge, inadequate

transparency, improper food safety, and farmers knowledge & awareness.

Sidhu et al. (2010) and Modi et al. (2009) evaluated the supply chain of F&V and
highlighted the issues and problem faced by farmers. The studies analysed
marketing cost, profit generated in cultivation, middlemen’s share in marketing the
F&V. The studies highlighted the need to enhance efficiency by organising the
vegetables sector, which is conventional in nature and is deficient in certain modern
practices like, efficient transport system, grading facilities, process standardisation,

and pre-cooling facilities.

Ayub and Siraj (2008) studied the present scenario of value chain with respect to
mango and tried understanding the contribution made by ICT towards the
development of Indian agriculture. The study was conducted in parts of Delhi and

Lucknow with primary emphasis on ICT.

Negi and Anand (2015); Halder and Pati (2011); Narula (2011); Veena and
Venkatesha (2011); FICCI (2010); Rathore et al., (2010); Joshi et al. (2009);
Bhardwaj and Palaparthy (2008); Viswanadham (2007); and Jain (2007) found poor
cold chain as a major problem in the supply chain of F&V, which is resulting in
various inefficiencies, leading to losses. Cold chain plays a vital role in perishable
food with respect to supply chain. Past studies have revealed that there is severe

absence of robust and reliable cold chain in developing nation.

Negi and Anand (2015) presented the status of and challenged to cold chain
pertaining to the F&V sector in India. The study highlighted the need for cold chain

infrastructure to remove the bottlenecks in F&V sector in India.

Narula (2011) conducted an interview on the status of cold chain industry in India,
in which the discussion centered on supply chain issues of hilly areas and considered
the potential role a cold chain can play in preventing loses incurred post-harvest.
The author also discussed the different kinds of the model in cold chain operating in
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India and highlighted the need for the cold chain to reduce the increasing amount of

losses in F&V sector in India.

Rathore et al. (2010) also discussed the potential of agri business in India and
highlighted the requirement for robust infrastructure related to cold chain for
reducing losses and wastages after the harvesting process. The study also found that
in case of an absence of an efficient and effective supply chain, chances are quite
high that the companies will have to shell out significantly higher cost due to

wastage.

Joshi et al. (2009) identified the factors prohibiting smooth cold chain management
and their inter-relations in developing countries, like India. The finding of the study
suggested that unavailability of proper infrastructure related to cold chain is the

major drawback in ensuring efficient food supply chain.

Viswanadham (2007) highlighted the possibilities of growth of food business in
India and documented various methods through which the issues can be dealt with
using prior knowledge and technology. The study highlighted that inefficient supply
chain is the major impediment in Indian agriculture and absence of cold chain
facilities and processed food industry are primarily responsible for 20% (Rs. 500

billion) of the total food loss.

Maheshwar and Chanakwa (2006) discussed the wastage and losses in F&V sector
with respect to post-harvest due to severe gaps in cold chain in India. The study
highlighted efficient cold chain as the solution to this problem and it also
documented that huge amount of food loss happened because of inadequate capacity
for cold storage, poor cold chain infrastructure, inadequate infrastructure related to

transportation, and lack of cold storage nearby farm areas.

The major bottlenecks, which are found from the literature with respect to cold
supply chain are Lack of cold storage and warehousing facilities (Veena et al., 2011,
Bhardwaj & Palaparthy, 2008; Dharni & Sharma, 2008), inadequate capacities to
serve the needs (Narula, 2011), inadequate usage/improper management of cold
storage (Halder & Pati, 2011; Bhardwaj & Palaparthy, 2008), irregular supply of
electricity to run cold chain (Shukla, D. 2010; Kapoor, 2009) and poor technology
related to post-harvest cold chain (Kapoor, 2009).
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These bottlenecks in the cold supply chain are leading to maximum inefficiency and

decrease in the returns of F&V, which affect the income of the farmers and their

livelihood. It plays a vital role and is the backbone for the supply chain of F&V

industry, but due to the bottlenecks, it becomes a very weak link and one of the main

reasons for supply chain losses in food.

It can be seen in the past available literature that various studies have been

conducted on different aspects of supply chain in fresh food produce. Most of the

studies have been conducted with reference to retail aspects (traditional and

organised) and cold chain. Extensive review of the literature on the present study

reveals that there is inadequate study on reasons for efficient supply chain in

activities across the stages with reference to F&V. The review of literature on SCM

of perishable food produce-an Indian context is presented in Table 3.2.

Table 3.2: Summary of the Studies on Supply Chain Management of F&V (Indian Review)

Theme

Authors, Year

Inference

Gap

Supply chain
Management
of Fruits &
Vegetables

Balaji and
Arshindera (2016)

Authors identified the reasons for losses
and wastages in food sector and anlyse their
interrelationships.

Focus on wastage in
general. Stage-wise
causes and also causes
of high cost and high
lead time in the SC is
unidentified.

Negi and Anand
(2014)

Authors presented the F&V supply chain
scenario in India and highlighted the
requirement of an efficient and robust
supply chain to mitigate the challenges and
minimise the losse

Reasons for
inefficiency in SC
stages and activities
are not identified.

Shukla and
Jharkharia (2013)

Presented an extensive review of literature
pertaining to SCM in fresh produce sector
and classified the operational issues as the
reasons resulting in post-harvest losses. The
study also highlighted various research
avenues in the supply chain of F&V sector.

Focused on literature
review. Lack of focus
on stage, activity and
the supply chain
efficiency as a whole.

Bhushan (2013)

The author presented a report on the post-
harvest profile of mango in Andhra
Pradesh, India.

The study is focused
on Andhra Pradesh
state.

Dey (2012);
Dastagiri and
Immanuelraj
(2012); Rajkumar
(2010); Patel
(2010); Reddy et
al. (2010);
Chandrashekar
(2009); Singh, et,
al. (2009); Alam
and Verma (2007)

The value chain and supply chain of
organised and traditional fresh F&V
retailers (Reliance Fresh, Safal, and Rythu
Bazaar) are studied in different states of
India like Andhra Pradesh, Karnataka,
Tamilnadu, and Uttar Pradesh. The studies
compared the advantages of selling the
fresh produce to the traditional retailer and
organised retailers. Also highlighted the
problems faced by farmers.

More focused towards
retail perspective.
Study pertaining to
supply chain
efficiency is missing
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Artiuch and
Kornstein (2012)

Authors outline the underlying structure
and incentive within India's agricultural
supply chain and assess the major issues
and problem areas, which contributing to
food waste in India.

The study is focused
on entire agriculture
sector with lack of
focus on the supply
chain of F&V.

Halder and Pati
(2011); Veena et
al. (2011); Singh

et al. (2009);
Bhardwaj and
Palaparthy (2008)

Discusses the opportunities & challenges in
F&V supply chain. It has been highlighted
that F&V SCM is suffering from maximum
inefficiency, which is resulting in waste.

Study pertaining to
supply chain
efficiency is missing.

Sidhu et al.
(2010); Modi et al.
(2009)

Supply Chain of F&V has been evaluated
to highlight the issues and problem faced
by farmers. Studies analysed and estimated
the costs involved in marketing and the
margin & returns to the farmers. Also
highlighted the need to enhance efficiency.

Study pertaining to
supply chain
efficiency is missing.

Ayub and Siraj
(2008)

Authors studied the present scenario of
value chain with respect to mango and tried
understanding the contribution made by
ICT in Indian agri sector. The survey was
conducted in Lucknow and Delhi.

Focused on ICT in
India agri sector

Supply chain
Management
of Fruits &
Vegetables:
Cold Chain

Negi and Anand
(2015)

Authors presented the status of and
challenge to cold chain pertaining to the
F&V sector in India

Lack of focus on
supply chain
efficiency.

Narula, (2011);
Rathore et al.
(2010);
Viswanadham
(2007);
Maheshwar (2006)

There has been a staggering loss (30-40%)
in the perishable fresh items because of
inadequate infrastructure facilities related
to cold chain. The studies highlighted that
inefficient supply chain leads to high cost
of wastage.

Papers are limited to
the discussion on
status and challenges
in F&V SCM. Stage-
wise and activity wise
study are missing.
Lack of focus on
supply chain
efficiency.

Joshi et al. (2009)

Identified the factors prohibiting smooth
cold chain management and their inter-
relations in developing countries, like India.

The study is focused
on general food items
(Confectionery, Dairy,
and Meat). The study
is limited to Cold
Chain. Identification
of root causes
responsible for
inefficient supply
chain in perishable
fruit & vegetables
sector is needed.

3.2. Theme 2: Challenges in the Supply Chain of Perishable Food produce in

India

Various issues and challenges have been identified and highlighted by the authors in

past studies conducted on the supply chain of F&V sector in India. The entire supply

chain of F&V in India is affected by various issues and challenges, which acts as an
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impediment for effective and efficient supply chain of F&V sector in India. The
broad identified issues are Lack of Cold Chain Facilities, Large number of
Intermediaries, Poor Linkages and Integration between the partners, Poor
Infrastructure Facilities, High Cost of Packaging Material, Lack of appropriate
technology and techniques, Lack of Farmer's Knowledge and Awareness, Poor
Quality and Safety standards, Poor Transportation facilities, Lack of Information
regarding demand and market, Poor Shelf life, and Poor Handling. The sorted issues
which are further expanded into different variables (as shown in Table 3.3) and their

observations are discussed below.

Cold Chain issues

There are various issues related to cold chain in India, such as lack of cold chain
facilities, inadequate capacity of the cold chain, lack of cold chain network. Due to
this concern, it has become difficult for the farmers and businessman to do their

business effectively and get proper remuneration for their produce.

Fragmentation issues

One of the main issues in the supply chain of F&V sector in India is a large number
of local trader and intermediaries who eat all the share of farmer’s income. The
entire fresh produce supply chain in India is dominated by local traders and

middlemen.

Integration issues

Linkage and integration between the various players in the supply chain play a very
important role to make the whole supply chain effective and profitable. However, in
the supply chain of F&V sector in India, there is a lack of forwarding and backward

integration between the farmers and the other partners.

Infrastructure issues

Supply chain infrastructure plays an important role in the F&V sector. Proper and
adequate infrastructure helps farmers and agribusinessman to run their business
successfully and helps to deliver the goods at the right time with right condition. In
India, infrastructure pertaining to storage and transportation is the main impediment

in the supply chain of agricultural products that leads to high amount of losses.
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Packaging issues

Packaging is very important for F&V as they are highly perishable in nature and
needs proper packaging for the handling of this fresh produce. Without proper
packaging, it is very difficult to maintain their shelf life. Cost is also a very
important aspect of this issue. The high cost of packaging material makes difficult

for the farmers to do proper packaging of their goods.

Technological issues

Many technical issues, such as advancement issues, inefficient technology, obsolete
techniques, and old machinery, surround the technology. Due to these concerns, it
has become difficult for the farmers and agribusinessman to use appropriate
technologies and techniques to reduce the post-harvest losses and time in operational

activities.

Farmer's Knowledge and Awareness

Farmer’s in India have very poor knowledge regarding the use of latest technologies
and techniques to work effectively and efficiently. They have very poor knowledge
about the management of post-harvest produce, quality of seed; also, they have poor
information regarding market demand, market price. Without proper knowledge and
awareness level of the farmer, the supply chain of F&V cannot be efficient, as

farmers are the main source of the fresh agri produce.

Quiality issues

Quality is a very important and key area of concern in the supply chain of food
industry/sector, as it directly relates to the health and lives of the people. It is very
important for the supply chain to deliver the fresh goods in a timely manner and in a
proper quality to the customer. Proper supply chain helps to maintain the shelf life
of fresh produce and prevents it from deterioration. Quality has a strong impact on
the supply chain, so it leads to efficiency and less rejection by the customer. In
India, there is a lack of quality standards to meet international quality for export like

poor hygiene and safety standards, and high-quality degradation.
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Processing and Value addition issues

Processing and Value addition is a way to increase the shelf life of food produced
and reduce the losses. The high amount of food processing may lead to low wastage
of F&V. It gives an immense opportunity to export the processed food to the various
destinations. However, in India, the food processing is very low as compared to
other countries. The country process about only 1-2% of total F&V’s produce and
there is a very low level of value addition due to lack of processing units and no

closest proximity of processing units.

Financial issues

Income of farmers in India is very low. They do not get proper income for their farm
produce, and the middlemen tend to consume most of the share. The difference
between the final consumer price and the price received by farmers is high (25% of
the total price paid by the consumer goes to farmers). There is lack of transparencies
in pricing at all Mandis in India due to which farmer doesnot get right prices for

their efforts and fresh produce.

Post-harvest losses issues

In supply chain of F&V sector, losses incurred during post-harvest are among the
major problems in India. Most of the losses happens usually while the food reaches
to the main markets and in food processing units. Close to 40% of total food
produced in India is wasted during storage and transportation. Unavailability of cold
chain facilities and insufficient logistics connectivity are the factors behind high

post-harvest losses.
Transportation issues

In supply chain of F&V, transportation happens to play a crucial role without which
the goods cannot be delivered to the customer at the right time and in a right quality.
It plays even a more important role in perishable food like F&V because of short
shelf life, high perishable, required controlled temperature. Transportation-related
challenges are very high in India because of unavailability of well transportation
mode, the high cost of transportation, and lack of temperature-controlled vehicle for

the movement of goods.
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Market Information issues

Proper information is the basis of the efficient supply chain. Without proper

information regarding market demand, the supply chain cannot run successfully. In

India, farmers have lack of information regarding the prices in the market, demand,

and food processing units. Poor information leads to the poor realization of prices,

high amount of losses, and late delivery of goods in the marketplace.

Table 3.3: Summary of issues and challenges in the supply chain of F&V in India

grading, standardisation and other machinery
near the farm region and at Mandi place.

Issues Variables Source
Negi and Anand (2015);
a o Lack of cold storage & Warehousing facilities. Joshi et. al. (2013); Sharma
2 Cold Chain e Infrastructure in terms of cooling shed, cold & Singh (2011); Veena et al
p Facilities storage. (2011); Narula (2011);
'S « Inadequate cold chain capacities to serve the Halder & Pati (2011); FICCI
) needs. (2010); Rathore et al.(2010);
o o Need for cold chain network in the hilly areas. | Singh etal. (2009); Bhardwaj
38 & Palaparthy (2008); Jain,
(2007); Viswanadham(2007)
GOl (2012); Halder & Pati
2 (2011); Narula (2011);
§ o A large number of Intermediaries present in the Veena et al. (2011); Singh et
p Supply chain. al. (2009); Modi et al.
S Fragmented e Traders dominant supply chain. (2009); Dharni and Sharma
g Supply Chain | ¢ Farmers have a greater reliance on (2008); Bhardwaj and
2 Intermediaries. Palaparthy (2008);
> ¢ Presence of a large number of local agents and Satyz_:lnarayana et al (2007);
i commission agents. Mathi (2007); Viswanadham
(2007)
o Lack of backward-forward integration from
farmer to customer in the hilly areas.
8 Linkagesand | e Lack of linkages between Industry, Singh et al. (2009); Jain
8 Integration Government, and Institution. (2007); Satyanarayana et al.
c between the e Poor linkage in the marketing channel, from (2007); Mathi (2007)
o R ..
= partners farm gate to mandi because of small land sizing
> farmers.
<°C-" o Lack of linkage between farmer and processing
- unit because of unavailability of the processing
unit.
o Lack of storage / Warehouse condition in the GOl (2012); Narula (2011);
village areas. Sharma & Singh (2011);
" e Poor loading/unloading facilities in the farmand | Veena et al. (2011); Halder
< Mandi place. and Pati (2011); Shukla
k%] e Lack of Processing facilities (Waxing, washing). (2010); FICCI (2010);
£ Infrastructure | ¢ | ack of Packaging facilities. Kapoor (2009); KPMG &
B Facilities e Hilly terrain and poor road connectivity. ASSOCHAM §2009);_S|ngh
S e Poor transportation infrastructure (Road & Rail). etal (2009); Dharni &
< e Infrastructure connecting the farm is very poor. Sharma (2008); Bhardwaj
| . .
1= ¢ Inadequate Marketing infrastructure such as and Palaparthy (2008);

Satyanarayana et al. (2007);
Jain (2007); Viswanadham
(2007)

60




£ " Packaging ¢ High cost of packaging material Sharma & Singh (2011); Jain
g % Material e Unavailability of packaging material (2007); Mathi (2007)
é_% 2
@ o Limited use and lack of appropriate technologies Narula (2011); FICCI
g » & advanced techniques in food processing. (2010); Rathore et al. (2010);
= 3 | Technologyand | e Nonadoption of efficient technology. Kapoor (2009); Singh et al
£2 techniques e Processing plant with cost-effective machinery (2009)
E and packaging technologies.
= 8 Shukla & Jharkharia (2013);
S 32 e Lack of knowledge of post-harvest technologies | GOI (2012); Sharma & Singh
3 2 Farmer's e Lack of farmer’s awareness and education (2011); Shukla (2010);
33 Knowledge and related to post-harvest management FICCI (2010); Singh et al
R Awareness e Lack of knowledge about the quality seeds (2009); Modi et al (2009);
é g e Lack of information regarding market demand Bhardwaj and Ffalaparthy
2 (2008); Mathi (2007)
e Poor level of productivity and quality standards | Veena et al (2011); Halder &
. to International market. Pati (2011); Narula (2011);
3 Quality and Safety | e Poor hygiene and safety standards. FICCI (2010); Shukla
2 standards e Lesser control of product safety and quality (2010); Blackburn &
2 across the supply chain because of manual Scudder (2009); Singh et al
E handling. (2009); Kapoor (2009);
& e Lack of tracking and traceability facilities. Ramesh (2009); Naidu
o Quality degradation is very higher. (2007)
GOl (2012); Halder & Pati
c‘éﬁ s o Low level of value addition because of lack of (2011); Narula (2011);
> | Processing and processing unit. Sharma & Singh (2011);
=T | Value Addition | e Poor infrastructure facilities connecting to FICCI (2010); Kapoor
S w. processing units. (2009); Bhardwaj &
°® Palaparthy (2008);
a> Satyanarayana et al (2007)
8 o Difference between the final consumer price and | GOI (2012); Narula (2011);
?, farmer’s realization is very high. Sharma & Singh (2011);
= Farmer’s Income | o Lack of transparency in pricing at local Mandis. | Veena etal (2011); Halder &
= o Heavy fluctuations in the Mandi prices. Pati (2011); Ramesh (2009);
s e Farmers are not getting the right price for their Modi et al (2009)
i produce in the market even in seasonal F&V.
Negi and Anand (2014); GOI
(2012); Veena et al (2011);
o ¢ High wastage along the supply chain. Narula (2011); FICCI
8 Supply chain « High wastage in reaching to the processing unit. | (2010); Rathore et al. (2010);
o losses and o Losses during transportation and storage are Ramesh (2009); KPMG &
g wastage of fresh high. ASSOCHAM (2009);
g produce « High level of wastage because of lack of cold Murthy et al (2009);
chain and infrastructure. Modi et al (2009); Singh et al
(2009); Satyanarayana et al.
(2007)
R o Unavailability of transportation mode. GOl (2012); Narula (2011);
S @ | Transportation | e Inefficient and costly transportation for the FICCI (2010); Shukla
2 4 Facilities movement. (2010); Modi et al (2009);
8 S o Lack of Refrigerated vehicles for the Singh et al (2009)
— transportation of F&V in hilly and rural areas.
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Market
Information

Information issues

o Lack of market information to the farmers such
as prices, the flow of the product, and food-
processing unit.

o Lack of knowledge about the demand in the
market.

o Lack of timely information.

o Lack of knowledge about the intermediaries.

Shukla and Jharkharia
(2013); Veena et al (2011);
Halder & Pati (2011); Narula
(2011); Singh et al. (2009);
Modi et al (2009); Bhardwaj
& Palaparthy (2008); Mathi
(2007); Viswanadham (2007)

The study and research conducted on the supply chain of F&YV in India suggest that
the entire supply chain of F&V is laden with the issue of supply chain inefficiency,
which is resulting in post-harvest losses and wastages. The inefficient supply chain
is the major impediment in the path of speedy growth of agriculture sector in India,
so there is a need to identify the activities leading to inefficiency across the stages of

F&V supply chain and the major reasons behind that.
3.3. Theme 3: Economic Analysis of Supply Chain losses in F&V

This theme discusses the literature available on post-harvest losses and wastage
scenario in the supply chain of F&V sector. In the present study, authors have
carried out a detailed and extensive literature review and discussed the standpoints
of various researchers on the present problem of losses in F&V sector from farm to
the consumer end with reference to global and Indian perspectives (shown in Table

3.4 and Table 3.5).

Post-harvest losses have been highlighted as one of the determinants of the food
problem in most developing countries (Babalola et al., 2008; Ojo, 1991). However,
food wastage is not good for two main reasons: firstly, there may be a material loss
in terms of energy protein and other nutrients; and secondly, there may be an
economic loss in terms of the value of food. In today’s scenario of F&V SCM, post-
harvest losses and wastage is the major impediment to the growth of this sector
(Negi and Anand 2015). It has been reported that a huge amount of F&V is wasted
in various operational stages of this sector (Murthy et al., 2009). Many authors have
made an attempt to estimate the post-harvest losses at various stages of supply chain
of F&V (Murthy et al. 2002; Sudha et al. 2002; Gauraha, 1997; Srinivas et al., 1997;
Madan & Ullasa, 1993; Aradya, et al. 1990; Atibudhi, 1987; Waheed et al.,1986;
Anon, 1985; Anon, 1982) and banana in particular (Murthy et al. 2009; Murthy et al.
2007; Murthy et al. 2003; Gajanana et al. 2002). Various past studies have reported

harvest and post-harvest losses in the supply chain of F&V (Murthy et al. 2009;
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Turan, 2008; Ozcan, 2007; Troger, 2007; Karabulut et al., 2005; Lawande, 2004;
Reddy, 2004; Kumar et al., 2004; Singh et al. 2004; Tatlidil et al. 2003; Gunduz,
1997; Dokuzoguz, 1997; Ozcan et al. 1997; Ozcan and Baklaya, 1995; Klein and
Lurie, 1991; Kaynas et al. 1988). According to the estimates of CIPHET, total value
of harvest and post-harvest losses of agricultural goods amounted to Rs, 92651
crores and found that most of the wastage is occurs in F&V of about 4.58-15.88%
(Gol, 2016). According to the study on conducted by ASSOCHAM, India (2013),
the farmers have to forgo every year about Rs. 2.13 lakh crore due to losses incurred
in the supply chain of F&V. In their another study in 2010, CIPHET has estimated
harvest and post-harvest losses of major agricultural produces in India was of the
order of Rs 44,143 crore per annum at wholesale prices and found that most of the
wastage is occurs in F&V of about 5.8-18% worth value of Rs 7,437 crores in fruits
and Rs 5,872 crores in vegetables (GOI, 2012). According to National Academy of
Sources (1978), estimates of postharvest losses in developing countries vary greatly
from 1 to 50% or even higher and the average loss of food products over the supply
chain starting from production to the retail shelf and finally to the consumer’s fridge
is estimated to be 35% (Parfitt et al., 2010); in other words, it can be stated that only
two-thirds of the total food produced remains intact, whereas as the remaining one-
third is wasted (Gustavsson et al. 2011). Jha (2007) discussed the Food Facts in
India and mentioned that Rs. 58,000 Crore worth fruits, vegetables, and cereal grain
are wasted each year in India, which is ample to feed about 27% of the below
poverty line population and amounts to more than a third of total food production.
Dagar (2007) founds that 25-40% of farm produce worth $12 billion (Rs 50,400
crore) rots every year even before it reaches to the final consumers, thereby
squeezing both ends of the supply chain namely, the farmer and the retailer. The
amount of post-harvest loss ranges from 20 to 60% of the total production across the
countries (Widodo et al., 2006). According to Viswanadham (2007), Rs. 70,000
million value of goods is wasted each year due to poor transportation, lack of proper
storage facilities, and inadequate cold chain facilities. Kader (2005) also estimated
that worldwide about one-third of all F&V produced are never consumed by

humans.

Storage facility for available goods is considerably poor, with only cold storage
available for 10% of India’s total F&V production and almost 30-40% is wasted
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(MOSPI, 2012). Due to inadequate infrastructure related to cold chain, inadequate
storage and transportation, poor post harvesting technology and lack of food
processing industry, about 20 -30% of all foods produced in India (Rs. 500 b) gets
wasted annually (Mishra & Anjani, 2010; Viswanadham, 2007; Jain, 2007). Indian
fresh agro supply chain is dominated by Mandi system (traditional method), and it
plays a vital role in F&V Supply Chain. The faulty system is vulnerable to several
inefficiencies like, no transparency in price determination, this result in a loss-loss
situation for both buyers and sellers, as they are often cheated. Moreover, huge
amount of losses are incurred in operations at Mandis due to non-scientific handling
and storage (Singh et al., 2009).

Veena et al. (2011) estimated losses and wastage in unorganised and organised
retailing and found 25% losses in unorganised retailing, which speaks about the
importance of SCM. The wastage was far less (16-19%) with organised retailers
compared to unorganised retailers. A study conducted by the Indian Institute of
Management Bangalore (IIMB) reveals that the ratio of retail price to producer’s
price is between 3 and 4.1, which is one of the highest in the world, as the result of
significant losses incurred in the supply chain. The cumulative waste for tomatoes
and potatoes has been observed to be 24% and 40%, respectively as they move
towards the supply chain starting from the farm to the end user (Parkan & Dubey,
2009). The evidence of food losses suggested that extent of losses tend to be the
highest in the nations where the need for food is greater. Zaldivar (1991) cited
several reports, which discussed several loss figures of 25% or 28-42% worldwide,
and 15-60% or 15-50% in less industrialized countries specifically, which means
that half of the production never reaches to the consumer for whom it was grown,

and the effort and money required to produce it are lost forever in terms of losses.

With reference to the several research surveys, the total amount of food that is
wasted in India every year is equal to total annual food intake in UK (Rathore et al.
2010). An estimate says that around 35% to 40% of the total production of fresh
F&V gets waste in India, which is about the total production of Great Britain (Khan,
2005). Cumulative waste is worth $6.7 billion, the equivalent of 40% of the total
production of fruit and vegetables grown in India (Jain, 2007). Massive quantity and

quality losses in the fresh produce giving rise to the 40% value loss in the supply
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chain of F&V sector in India (Narula, 2011). Murthy et al. (2009) highlighted that
about 1.2% of agriculture GDP (approx. 33.85 lakh tonnes in mango, 35.26 lakh
tonnes in banana and 2.12 lakh tonnes in grape) or value of Rs.7, 618.77 crores are
rejected every year in India as post-harvest losses. The post-harvest losses are of
worth Rs. 29214 Cr. in Perishable (F&V) produce (Jain, 2007). The fresh F&V
sector is one that contributes mostly to the food waste and is crucial in having an
impact on the total turnover of all aspects in the supply chain (Mena et al. 2011;
Griffin et al. 2008; Kantor et al. 1997). Many researches have revealed that a losses
incurred in the process of post-harvest amount to Rs. 75,000-1,00,000 crores
annually. Kachru (2002) found an extent of post-harvest losses in perishable foods
(fruits, vegetables, milk, meat, fish, and eggs) is Rs.63, 000 crores and 20% of the
level of production that includes losses during storage, handling and
milling/processing.

Mishra & Anjani (2010) mentioned that inefficient supply chain is the central
impediment for halting the growth and development of Indian agriculture. Due to
the inefficient supply chain, the extent of loss of fruit and vegetables is about Rs.
10,000 crores to Rs. 12,000 crores per annum and the loss of quantity ranges from
10% and 80% in some of the most perishable F&V (Mittal, 2007). Hazarika (2006)
estimated the post-harvest losses of the major perishable horticultural crops in
Assam and maximum post-harvest loss was found to be 22.62% for tomato followed
by ginger, orange, and pineapple. Sharma & Singh, (2011) assessed the degree and
extent of losses in the supply chain of major vegetables produced in the Kumaon
region of Uttarakhand, India. Tomato experiences maximum losses during post-

harvest period followed by potato and brinjal.

Negi and Anand (2015) also discusses the issues and challenges pertaining to the
supply chain of F&V agribusiness in Uttarakhand, India and highlighted losses and
wastage as one of the major problems in Uttarakhand agro fresh produce sector.
According to Verma & Singh (2004), if the supply chain management is not taken
care of, then there is higher probability of vegetables losses rising upto 25% of the

total production.

Bhardwaj & Palaparthy (2008) did a rigorous review of the basic and contemporary
literature and identified the reasons creating an impact on F&V markets and its
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effects on supply chain members. In their study, authors cited that according to Food
Corporation of India (FCI) estimates, 20-30% of total food produce is wasted during
the process of transportation. According to HMNEH (2010), out of total fruit
production, banana constitute a fair portion of the share amounting to approximately
33%; but the export of the same is quite negligible because of higher amount of
wastage (approximately 40%). It is estimated that the food production in India is
going to double in the next ten years, but post-harvest losses of about 35-40% of the
total produce that amounts to Rs. 58,000 cr annually is a cause for concern. This
results in price instability, farmer’s non-remuneration, rural impoverishment
resulting in farmers’ frustrations and suicides (Rathore et al., 2010). This post-
harvest waste reduces the farmer’s profit and eventually results in revenue loss.
Therefore, farmers are demotivated to be engaged in agri production, as it
substantially decreases the bargaining powers of them. Speaking from the viewpoint
of consumers, wastage of food products means lower availability at a higher price.
The act of supply chain losses also severely diminishes the quality of the available
products as well as the options available for the consumers. At the micro level, these
losses increase the supply chain cost of the product and at the macro level, reduces

the per capita availability of the products (Halder & Pati, 2011).

Therefore, it is important to evaluate the position of FSCM and document areas of
improvements. Focus should be placed on reduction of wastage by embracing
effective and efficient methods. Murthy et al. (2007) found that the efficiency in
operations is reflected by lesser amount of losses during post-harvest due to lower
marketing costs, proper handling, effective transportation and strict procurement
procedure. Even though India has a strong agricultural production base, wastage is
colossal. This can be reduced by increasing the processing level of agricultural
produce, which is only about 2.2% for F&V (Rathore et al., 2010). Increasing
processing and reduction in food waste can be a better solution to reduce the
consumer prices and increase the revenue of the farmers & other stakeholders rather

than focusing on increasing the production (Kader, 2005).

Many researchers found highest losses in Tomato in Vegetables (Sharma and Singh,
2011; Parkan & Dubey, 2009; Hazarika, 2006; Gajanana et al., 2006; Verma and
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Singh, 2004; Singh et al., 2004) and Mango in Fruits (Bhushan, 2013; Sinha, 2011,
CIPHET, 2010; Murthy et al., 2009; Chadha and Pareek, 1993).

Table 3.4: Summary of Economic Analysis of Supply Chain losses in F&V (Global Review)

Theme Authors, Year Inference
Raak et al. (2017); Buyukbay et al. (2011); Gustavsson
et al. (2011); Babalola et al. (2010); Parfitt et al. (2010);
Adeoye et al. (2009); Babalola et al. (2008); Turan
(2008); Griffin et al. (2008); Ozcan (2007); Troger Estimated the post-
Suool (2007); Rehman et al. (2007); Karabulut et al. (2005); harvest/marketing losses and
Cf?e?ir?l Tatlidil et al. (2003); Ozcan et al. (1997); Dokuzoguz analysed'the determinants of
Losses and (1997); Kantor et al. (_1997); Gurjduz (2997); chan and | losses during and after harvest.
Wastage: Baklaya (1995); Klein and Lurie (1991); Zaldivar, C.
Global : (1991); Kaynas et al. (1988); Waheed et al. (1986);

National AcademyofSources (1978)

Kader, 2005

Discussed Socioeconomic
factors of losses and give
strategies for reducing Post
Harvest losses in USA.

Table 3.5: Summary of Economic Analysis of Supply Chain losses in F&V (Indian Review)

Theme Authors, Year Inference Gap
The study is focused on identification
of losses in various stages in supply
Ramanathan and Parthasarathy | chain of fruit sector from the grower
(2014) to the retailer.
This study is limited to losses in food
processing units as it is seen to be the
major point of losses after retailing.
Losses in various F&V were ranged SJ.[Ud.'eS are
from 20 -30%. In vegetables, highest Ilc'g;gg‘lrt]%
Sudharshan et al. (2013); Bhushan i\ﬂn;cr)]ur(;t g ':%Sr;(;sto W?_Sos:g:n?/velrz wastage only.
(2013); Gauraha and Thakur foung hi ; ' Supply Chain
, - ghest in the grower level to e
Supply (2008); Verma & Singh (2004) | \yojecale  level. Nearly 15% of | Erficiency
Chain India’s Mango production is wasted perspec_tlve 1S
Losses and due to lack of adequate infrastructure missing.
Wastage facilities. Lack of
emphasises

Sharma and Singh (2011)

Estimated the losses during post-
harvest in the major vegetables
supply chain in Uttarakhand. The
highest consolidated losses was
found in tomato at producer,
wholesale and retail level.

Murthy et al. (2009)

Authors assessed the post-harvest
losses in  major fruits (mango,
banana, grape, and pomegranate)
both in economic and physical terms
at various handling stages and found
nearly 38% of the total post-harvest
losses occurs in mango.

on the Stage
wise activities
contributing
to Supply
Chain
Inefficiencies.
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The cumulative waste for potatoes
and tomatoes, as they move from the
Parkan & Dubey (2009) producer to the consumer on their
supply chains has been observed to
be 24% and 40%, respectively.
Estimated the losses at different
Singh et al. (2008); Hazarika stages and found lack of adequate
(2008); Gajanana et al. (2006); storage and proper transportation

Kumar et al. (2004) facilities being the factors creating an
impact on post-harvest losses.

Murthy et al. (2007); Kumar et
al. (2006); Singh et al. (2004);
Murthy et al. (2003); Sudha et al.
(2002); Gajanana et al. (2002); Evaluated and  analysed the

Murthy et al. (2002); Gauraha marketing losses in F&V in both
(1997); Srinivas et al. (1997); economic and physical terms.
Madan and Ullasa (1993); Aradya
et al. (1990); Atibudhi (1987);
Anon (1985); Anon (1982)

Estimated the post-harvest losses of
the major perishable horticultural
crops in Assam. The maximum post-
harvest loss was found to be 22.62%
for tomato followed by ginger,
orange, and pineapple.

Hazarika (2006)

Available literature states some of the primary causes for wastages and losses in the
logistics and SCM of fresh food produce can be categorised as following: Poor
Infrastructure, Large number of Intermediaries, Harvesting, Transportation,
Information, Farmer’s Education, Knowledge of Farmer’s, Farmer’s Experience,
Storage and Handling, and Poor Packaging. These causes are discussed below in

detail.
Poor Infrastructure

The role of infrastructure is extremely crucial in supply chain industry as it acts as
the driving force. In perishable fresh produce supply chain, it constitutes cold chain,
transportation infrastructure, road connectivity and network, port infrastructure,
marketing facilities, and processing facilities. In India, the Infrastructure for
perishable food supply chain is very weak and is one of the main reasons for losses
and wastage of food. Singh et al. (2009) found that lack of support with regards to
infrastructure amount to high losses (40%) of F&V. The losses at various stages of
the supply chain are incurred because of gaps in cold chain such as inadequate cold

storage capacity, lack of cold storage nearby farm area, and poor transportation.
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The losses and wastages in the food production decrease the returns of F&V and
occur mainly because of lack of infrastructure. Viswanadham (2007) mentioned in
his study that the causes for the losses are unavailability of proper processing
infrastructure, lack of cold storage, and dearth of transportation in India. In
developing countries, the unavailability of marketing facilities and poor
infrastructure resulted in high losses in F&V, which ranges from 20 to 50% (Verma
& Singh, 2004). In order to properly maintain the quality and shelf life of perishable
goods, there is a need of temperature management. However, there has been massive
losses in F&V primarily due to absence of cold chain infrastructure (Rathore et al.,
2010) and lack of proper marketing facilities and systems (Gauraha & Thakur, 2008;
Singh et al., 2008) ensuing losses and wastages in the supply chain of perishable
food produce. Kader (2005) found inadequate storage facilities as a cause, therefore,
produce exposed to the direct heat of the sun that may accelerate metabolism leading
to higher levels of damage and decrease the shelf life of the produce. Around 95% of
the cold storages are in private hands, and because of high charges, an average
Indian farmer is not able to avail the facilities of cold storage (Dharni & Sharma,
2008). Negi & Anand (2015) in his study on the cold chain also showed that the cold
chain in India has emerged as one of the weakest link in the supply chain of F&V

sector in India resulting to losses.

According to Maheshwar & Chanakwa (2006) about 30% of the F&V grown in
India, which is 40 million tonnes amounting to $13 billion gets wasted annually.
There is a lack of ownership within the chain. All the players are concerned with
their own revenue maximisation with limited attention towards the overall profit of
the chain. This lack of a holistic view of a supply chain is leading to the post-harvest
waste (Shukla & Jharkharia, 2013). The magnitude of losses also depends on the
road connectivity and network (Kader & Rolle, 2004). In India, most of the northern
and eastern region is covered with hilly terrain areas and are the major sources of
F&V. The road connectivity and network infrastructure in such areas are very poor,
which takes a long time to take the fresh F&V product to the market and deteriorate
the quality and condition of the product, which results in wastage. Modi et al. (2009)
also highlighted in his study that the villages, farms and the markets in the
Uttarakhand state (Hilly region) are not well connected and the farmers had to
somehow bring their harvests to the nearby road for transportation, which increased
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the wastage of their produce. On its way to market, a lack of proper infrastructural
facilities results in greater wastage of the fresh produce. Negi and Anand (2015) also
discusses the issues and challenges pertaining to the supply chain of F&V
agribusiness in Uttarakhand, India and highlighted losses and wastage as one of the

major problems in Uttarakhand agro fresh produce sector.
Transportation

Murthy et al. (2009) has documented that losses during transportation are the major
operational reasons causing severe wastage in the supply chain followed by
inventory management (Shukla & Jharkharia, 2013). Rehman et al. (2007) found in
his study that the losses mainly occurred during the process of transportation of
perishable goods to the market. Poor and inadequate transportation facilities
contribute more to this problem (Gauraha & Thakur, 2008; Sharma & Singh, 2011;
Kader, 2005). Singh et al., (2008) attempted to assess the extent and magnitude of
post-harvest losses in Uttar Pradesh and found transportation and distribution of
agricultural commodities as the factor responsible for such losses. The author found
transit loss contributing around 24% of the total loss. In transportation, time is a
critical factor to deliver the fresh produce at the right time ensuring adequate quality.

At farm level, also there are various losses due to the ignorance of time factor.

Verma & Singh (2004) found delays in moving the harvested fresh produce to the
market as the reason of losses at the farm level. There is inherent difficulty of
collecting and transporting small quantities of fresh produce from the numerous
small farm's results to high post-harvest losses. Rehman et al. (2007) observed
during the survey that most of the farmer picked their crops in the morning, packed
in wooden crates and using pickup/truck as a mode of transportation to transport
their produce to the outside market. The loss at Market level is mainly due to the
transportation practices followed in marketing channels (Verma & Singh, 2004).
Mathi (2007) studied the SCM of Guava in Allahabad Uttar Pradesh and found
ordinary transportation, irresponsible driving, and rough roads as one of the reasons
for post-harvest losses. Some crops required special facilities like controlled
temperature transportation and unavailability of such is the reason for the marketing
loss (Ozcan, 2007). Produce are handle roughly and transported in open trucks that
take twenty-four hours or more to the fresh produce to arrives at the retailer,
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typically an open-market vendor or a pushcart after harvesting. It is piled into large
cane baskets or on to truck beds without cushioning or packaging, which leave it
exposed to the sun in temperature and deteriorates the quality of the fresh produce
(Jain, 2007).

The faulty system of transport and delayed delivery of fresh produce causes wastage
in the retail market (CEAGESP, 2002). It reaches the store shelf too late and with a
short remaining shelf life, which causes wastage in the perishable food supply chain
at the retailer level (Mena et al., 2011) and additionally results to the penalty (Shukla
& Jharkharia, 2013). The bulkiness in the transportation of the fresh produce makes
the handling and transportation a difficult task, leading to huge wastage of around
Rs. 23,000 crores (35% of the total production) (ClI, 1997). Transportation-related
challenges are very high in India because of unavailability of well transportation
mode, the high cost of transportation, and lack of temperature-controlled vehicle for

the movement of goods. (Negi & Anand, 2015).

Usage of advanced transportation method strengthens the need for dedicated
transportation vehicles like reefer trucks for perishable products, which can maintain
the quality of fresh produce and enhance the shelf life and will result in reducing the
transit losses (Murthy et al., 2007).

Large number of Intermediaries

Supply chain of perishable fresh produce is inefficient because of higher number of
intermediaries and fragmented chain. The unorganised supply chain for perishable
goods is fragmented and long where it extracts a huge sum of money from the
customers for the produce (Singh et al., 2009). There are a large number of
middlemen in the supply chain of fresh F&V, i.e., Farmers, Pre-harvest Contractors,
Agents, Wholesaler, and Commission Agents at the wholesale level, Auctioneers,
Retailers and the customers. From the field to the customer, F&V passes through
various channels. A large number of intermediaries adds severely to the waste and
enhances consumption price (Boer & Pandey, 1997). Several losses occur because
of market intermediaries (Gauraha & Thakur, 2008). Verma & Singh (2004)
analyses the losses in fresh vegetables and found that the losses at wholesale level
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depend on the number of participants in the marketing channel and length of the

channel.

The horticulture supply chain of India is fragmented due to small and marginal land-
holdings by the farmers. Because of the limited landholdings, the produce from
these farmers is very low that poses problems in transportation, which results in
increased reliance on intermediaries to market their F&V. The middlemen are least
bothered about the wastage that the farmer incurs and are reluctant to spend on
better cold storage other infrastructural facilities. This leads to quality and quantity

losses in F&V supply chain amounting to 40% value loss (Narula, 2011).
Information on Market Demand

The flow of Information is very crucial in the supply chain to ensure smooth flow of
functions. In case of the supply chain of perishable goods, it is even more important
because of short shelf life and perishable nature. This section categorises the causes
of loss occurring because of limited demand information. Non-availability of
information relating to demand was outlined as primary factor for losses (Buyukbay
et al., 2011; Viswanadham, 2007). Kader (2005) also found Lack of information as
one of the socioeconomic factor causing post-harvest losses. Most of the time fresh
food remains unsold at retail stores, and the expiry dates of that product passes,
which is the most common reason of waste at the retail level. This occurs when there
is no information regarding demand and retailer orders more than the real demand
(Mena et al., 2011). Information should be provided to the farmers in a timely
manner, so they can plan and take care of the planting and harvesting activities, as
lack of proper planning and management practices are the key reasons for losses in
fresh produce supply chain (Shukla & Jharkharia, 2013).

Farmers Knowledge and Experience

Knowledge of farmers and their experience plays a very important role in the supply
chain of perishable fresh food products.Farmers are the main source and supplier of
all the fresh produce and their education, experience, and knowledge regarding the
technology, market information, and new equipment are the factors responsible for
losses in the supply chain of perishable fresh produce. Most of the growers are the
tiny landholder and sharecroppers, having minimal knowledge regarding the

72



technology, financial incentives, and demand in the market (Shukla & Jharkharia,
2013). Babalola et al. (2010) found in his study that most of the farmers around
82.95% were illiterate, which is a cause resulting in high wastage of tomato because
they do not use available post-harvest technology, only the farmers with post-
primary education can use it. The author also found that majority of the farmer
68.17% had below the experience of 16 years in tomato production, which could
bring about a massive effect on losses related to production of tomato. Ozcan (2007)
also listed lack of training and experience for workers as one of the reasons for post-
harvest losses. Sharma & Singh (2011) also found that the losses at grower end
result from lack of farmer’s knowledge about the post-harvest management. They
also have the very less knowledge about the appropriate maturity of fresh produce

and proper time of harvesting, which results in losses.
Improper and Poor Harvesting

Harvesting of the fresh produce at a wrong time or before their maturity age can lead
to the wastages in the perishable fresh produce supply chain. Many researchers
found poor harvesting as one of the reasons for post-harvest losses. Rehman et al.
(2007) found that losses mainly occurred during picking of the crop. The author
found harvesting prior to maturity and improper care during harvest as the primary
factor responsible for losses in tomato supply chain. Babalola et al. (2010) revealed
through regression analysis that the age of fruits at harvest and total number of
harvested baskets are the primary factors determining losses, because harvesting
more than the actual demand at a wrong time may cause loss and wastage. Sharma
& Singh (2011) also found that harvesting the pre-matured F&V results in waning
quality and uneven ripening as one of the important factors of losses. Buyukbay et
al. (2011) determined 5-12.97% and 18.44% of losses due to early and late harvest
in beans and tomato production in Turkey. Ozcan (2007) also listed early or late
harvest, usage of improper machineries and tools, and improper method of harvest
by the farmers in harvesting their fresh farm produce as the reasons for the

marketing losses.

Verma & Singh (2004) estimated post-harvest losses in fresh vegetables at farm

stage and found that wastage are mainly caused by inadequate means of harvesting.

Singh et al. (2008) identified the faulty method of harvesting as the factor
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responsible for wastage and losses. The first stage from where the losses begin is
harvesting in the supply chain of perishable fresh produce. Therefore, it is essential
to adopt proper machineries and harvesting tools, timely harvesting of produce to

avoid wastage.
Storage and Handling

Perishable fresh produce has a constraint of limited shelf life, so they need adequate
storage and handling after post-harvest. Proper storage helps to maintain the quality
of the fresh produce and safeguard them to deteriorate from rough handling,
bacteria, fungus, mildew, and insects. Farmers piled their produce into large cane
baskets or onto trucks without proper measures and exposed to the sun in
temperature causing losses. Jain (2007) found the rough handling of produce as the
main reason for post-harvest losses. There are several inefficiencies in storage and
poor handling process, which are the operational cause of wastage (Murthy et al.,
2009; Prigojin et al., 2005). Over 25% of F&V production is spoiled due to
unsuitable handling and storage (Veena et al., 2011). Farmers do not take proper
care of fresh produce and handle, grade and pack these products in a poor manner,
which subjected fresh produce too extreme of temperatures, atmospheric
modification or contamination, and attack by parasites/diseases. Gajanana et al.
(2006) found pest and diseases at the field level, crushing of fruits at the market
level and injury to fruits due to pressing at the retailer’s end as the primary factor of
loss due to improper handling and storage. Ozcan (2007) listed lack of specific
conditions during the storage as one of the reasons for marketing losses in the fresh

produce.
Poor Packaging

Poor packaging is also the reason causing losses in fresh produce supply chain.
Farmers use wooden crates and improper method of packaging, which causes loss.
Rehman et al. (2007) found Packaging in bulk without sorting, and grading of
produce are the factors responsible for the losses. Adeoye et al., (2009) also found
such reasons as the causes of economic losses to tomato. The author also found that
improper handling of perishable goods results in bruising, leading to splitting and

skin breaks in the fresh produce. Rough handling causes damage during off-loading
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of the produces resulting in high percentage of losses in the F&V. Baskets are staked
over the other in a poor manner while moving the goods from growers end to the
marketplace. The bulkiness in the handling of the fresh produce makes handling a
very difficult task during the transportation. Most of the farmers use the faulty

method of cleaning, drying, and storage (Verma & Singh, 2004).
3.3.1. Supply Chain losses and Wastage at different stages

Wastage in F&V supply chain starting from harvesting to delivery of fresh produce
to consumers is significantly high in India (Balaji and Arshinder 2016). Losses and
wastage during storage, transportation, handling and distribution are the significant
issues in agrarian economy. It has been reported that a huge amount of agri-fresh
produce is wasted in various operational stages of the perishable fresh food supply
chain (Murthy D. S., Gajanana, Sudha, & Dakshinamoorthy, 2009). In U.K roughly
one quarter of food produced is wasted from the time the food commodities leave
the farm until they are presented to the consumer on a plate (Osner, 1982),
proportionately most wastage (nearly 20% by weight) occurs on the farm. Author
estimated wastage at Storage level, Processing, and during Distribution and
retailing. Although storage conditions in UK are better than in many countries, about
30% of stored carrots and between 25 and 45% of winter cabbages and cauliflowers
become unacceptable during storage. However, only 5 to 8% of main crop potatoes
are discarded. In processes such as peeling, trimming, coring and seeding of fruit
and vegetables all result in waste. Apart from lesser availability and severe losses in
monetary terms, it also enhances costs incurred towards marketing and
transportation (Subrahmanyam, 1986). Kader (2005) gave the general difference that
more of the losses occur between production and retail sites in developing countries
than in developed ones. As per National Centre for Cold Chain Development
(NCCD), the highest losses occurs during transportation. From field to consumption
point, F&V happens to go through several distribution channels, which amounts to a
loss of 5-7% at each step (MOSPI, 2012). Shukla & Jharkharia (2013) mentioned
that the major portion of the agri-fresh produce wasted at the farmer’s end.
Bhardwaj & Palaparthy (2008) also cited that 20-30% of the produce is wasted
during the phase of transportation from the point of origin to the processing units as

per the estimates of FCI.
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3.3.1.1. Supply Chain losses and Wastage at different Stages-Fruits

Murthy et al., (2009) assessed the post-harvest losses in major fruits (mango,
banana, grape and pomegranate) both in economic and physical terms at various
handling stages and found that nearly 38% of the total post-harvest losses in mango
occurs due to disease; distant marketing in grapes increased the losses by 50%.
Sudharshan et al., (2013) also assessed the losses occurred during post-harvest in
pomegranate in two markets and found losses occurring ranging from 25.48% in
Bangalore market to 38.44% in Mangalore market. The explicit evaluation of the
post-harvest losses at different stages of marketing and their impact on farmers’ net
price, efficiency, margins, and marketing costs have been documented by Murthy et
al., (2007). 28.84% of losses were witnessed during post-harvest in the wholesale
channel, which included 5.53% losses at farm stage, 6.65% at wholesale stage, and
16.6% at the retailer’s stage. The said losses occurring in co-operative market were
18.31% with 7.82%, 1.77% and 8.72% in the subsequent stages. In the wholesale
stage and retail stage, the losses amounted to 23% and 58%, respectively, in

comparison with 10% and 48% in the co-operative marketing channel.

Mathi (2007) determined the existing supply chain available for guava in Allahabad
district and determined the post-harvest losses due to the existing SCM. The author
found 9.89 kg of loss at one Quintals fruits drawn at Farm level, which comprises
loss at harvesting-2.67 kg, grading-0.72 kg, transportation-3.00 kg, and storage 3.50
kg. This amount to a physical loss of Rs. 49.45 and the total return realized was Rs.
450.55.

3.3.1.2. Supply Chain losses and Wastage at different stages - Vegetables

Verma & Singh (2004) assessed the post-harvest losses of vegetables in quantitative
terms at wholesaler, retailer and farm level at transportation, storage and sorting
level. It was found that the overall losses vary up to 25% in vegetables viz. tomato,
cabbage, cauliflower and chili. Monetary losses were estimated worth Rs. 156.72
lakh in Tomato, Rs. 27.79 lakh in Cabbage, Rs. 35.10 lakh in Cauliflower, and Rs.
0.19 Lakh in Chili. The post-harvest losses of tomato were observed to be very high
in quantitative as well as in monetary terms. Hazarika (2006) also found that the

losses are more during the transportation and storage of the product. Apart from
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tomato, the losses in the other F&V was found to be more in the market level than
the loss at the grower’s level. Kumar et al. (2006) assessed the losses in vegetables
supply chain in state of Karnataka. It was found that losses resulting in post-harvest
period at farm stage with respect to potato and onion were 7.34 kg/qtl and 6.21
kg/qtl respectively. Further, the losses experienced at wholesale stage amounted to
17.12% and 17.75% for potato and onion respectively. At retail stage, the losses
incurred were 26.29% and 22.65% for potato and onion respectively. Hence, 25% of
the losses are witnessed at retailer’s stage, whereas 60% of the losses occur at farm
stage. Sharma & Singh (2011) estimated the losses at different stages in producer
level (handling, harvesting, sorting and grading, packaging, transportation and
marketing); and trader level (loading unloading, transportation, grading and selling
stages). At farm stage, the losses have been witnessed higher in case of tomato
(15.16%), followed by french bean (11.06%), and brinjal (11.00%). At the retailer’s
end also, tomato suffers the maximum loss, followed by okra and chilly. The highest
post-harvest losses were found in tomato (23.19%) and minimum in radish (6.52%)
at producer, wholesale and retail level. Across different levels, the maximum
wastage occurred at the farm stage for all the vegetables. Gajanana et al., (2006)
have undertaken a study in the major tomato growing state of Karnataka to assess
the post-harvest loss at different level of handling. Total post-harvest loss was
observed to be about 19% consisting of 9.43% at field level, 4-5% at market level
and about 5% at the retail level. Rehman et al. (2007) found post-harvest loss of
tomato in Peshawar was 20% that may have occurred during harvesting,
transportation, and product handling. The losses in tomato was found between
5.15% to 9.83% during harvesting time in Nallihan and Ayas districts of Ankara
(Tatlidil, et al., 2003) and ranged from 6.7%-33.5% in Indian context (Singh et al.,
2004). The summary of losses and wastage in different stages are shown in Table
3.6.

Table 3.6: Summary of losses and wastage in different stages

Authors Losses and Wastages in Supply Chain Stages

Jha et al. (2015) As per the study of CIPHET, Ludhiana, under Gol, highest amount of
' losses in F&V are found in farm-level operations.

Shukla & Jharkharia (2013) | The major portion of the agri-fresh produce is wasted at the farmer’s end.

MOSPI (2012) As per NCCD, the largest losses and wastage occurred during the
transportation of F&V from the point of origin to the destination.
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Sharma and Singh (2011);
Murthy et al. (2009);
Hazarika (2008); Gauraha
and Thakur (2008)

Losses were majorly found at Farm to Wholesale level

Murthy, Gajanana, Sudha,
& Dakshinamoorthy (2009)

Losses and wastages during storage, transportation, handling, and
distribution are the central issues in agricultural economy, especially in
F&V. Higher amount of F&V is lost during several operational stages

Singh, et al. (2009)

Losses during the transportation stage and storage are one of the current
problems in Indian fresh produce supply chain also a huge amount of

losses incurred in operations at Mandi.

Kumar, Basavaraja, &

i 0, -
Mahajanshetti (2006) At the farm level, approximately 60% of total post-harvest losses occur

Across different levels, i.e., Grower level, Wholesale level and retailers’
level, the maximum wastage were found at the Farm level in case of all
the vegetables.

Gajanana et al. (2006)

Singh, Banerjee, Singh,
Pandey, Sudhakar and Rai
(2004)

The losses and wastages during harvesting of tomato ranges from 6.70%
to 33.50% in India.

It can be seen in the past available literature that numerous studies have been done
on estimating economic analysis of losses and wastage in F&V sector. Most of the
studies have been conducted with reference to quantifying the losses and there is a
dearth of study on identifying the most significant activities leading to supply chain
inefficiency with reference to cost, time, and quality across the stages of supply
chain, which is ultimately resulting to losses and wastage, and the reasons for that

inefficiency.

3.4. Theme 4: Defining Supply Chain Efficiency

Different authors have discussed and highlighted important aspects of supply chain
efficiency from the different perspective, and they have given different opinions as

discussed below:

Labs (2010) defined it as "Supply chain efficiency must ensure that it upholds the
promise to the customer while eliminating non-value add or waste in the process.
Supply chain efficiency, therefore, is the measure of getting the right quality product
to the right place at the right time at the least cost."

Stephen Halula, Manager-supply chain consulting, CDC Software, said that, supply

chain efficiency can be viewed as:

"Providing the right product in the right quantity to a customer when desired, at a
fair price with a fair margin, adapting to market changes, remaining flexible enough
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to accommodate problems as they are encountered, and providing adequate

information to all parties (customer, management, manufacturing)".

Jim Stollberg, Vice president- Strategy and business development, HK Systems,
explains, "Supply chain efficiency must ensure that it upholds the promise to the

customer while eliminating non-value add or waste in the process."

Pettersson (2008) stated, "The most efficient supply chain has the lowest possible
cost and at the same time meets the customer’s expectations on service like delivery

precision and lead time."

Collin (2003) highlighted that "Success of Supply chains are composed of Customer
service, Capital employed, Total cost."

Hoover et al. (2001) highlighted that "An excellent supply chain is when a company

provides requested customer support.”

Bowersox et al. (2000) highlighted that "Three perspectives to create value for

customers are economic, market and relevancy value."

Simchi-Levy (2000) highlighted that "Efficient supply chain strategies must take

into account the interactions at the various levels."

Beamon (1999) defined it as "Efficiency is the measure of how well the resources

are utilised."

Christopher (1998) stated, "The future market leaders will be the ones that have

achieved cost and service leadership."

Dornier (1998) said, "The overall objective of any logistics system is to maximise

profitability.”

Bowersox and Closs (1996) highlighted that the "Relationship between customer

services level and the cost is important.”

Mentzer and Konrad (1991) defined "Effectiveness is as the extent to which goals

are accomplished."
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Goonatilake (1990) stated that "An excellent supply chain when a company provides

products at low cost."

De Meyer et al., (1989) stated that "An excellent supply chain when a company
provides products with high quality.”

Haug (1985) defined it as "An excellent supply chain is when a company provides

products with short lead time."”

Several scholars have debated and deliberated on supply chain efficiency, as shown
in Table 3.7. The conclusion that can be drawn here is that, the central factors that
happens to determine supply chain efficiency are as follows: sustainable utilization
of resource, enhanced customer service, greater value, lesser cost, minimum lead-
time, better quality, profitability, and less wastage. It can also be concluded that in
order to achieve efficiency in supply chain F&V, the focus must be on delivery of

fresh produce to the consumer in right cost, right quality and at the right time (Negi

and Anand 2014).

Table 3.7: Defining Supply Chain Efficiency

Authors (Years) Inference
Labs (2010) ""Supply chain efficiency is the measure of getting the right quality product to the
right place at the right time at the least cost."
Pettersson (2008) The most efflClenE supply chaln has the’low'est po§5|ble cost' gnd at the same tlnwe
meets the customer’s expectations on service like delivery precision and lead time.

Collin (2003) The succeis of Supply chains is composed of Customer service, Capital employed,
z—) [Total cost.
E Ho?;/g(r)f)t al. "Excellent Supply chain when a company provides requested customer support.”
Ol Bowersox etal. ['Three perspectives to create value for customers are economic, market and
m (2000) relevancy value."”
g Simchi-Levy ['Efficient Supply chain strategies must take into account the interactions at the
P (2000) various levels."
5 Beamon (1999) ['Efficiency is the measure of how well the resources are utilised."
> | Christopher  |"The future market leaders will be the ones that have achieved cost and service
= (1998) leadership."
a-| Dornier (1998) ['The overall objective of any logistics system is to maximise profitability."
D - . - —
o | Bowersox (1996) ['The relationship between customer services level and the cost is important.”

Mentzer (1991) ['Effectiveness is defined as the extent to which goals are accomplished."
Go(olr;as;tz)l)a ke ""Excellent Supply chain when a company provides products at low cost."”
De “?fggéft al. ""Excellent Supply chain when a company provides products with high quality.”
Haug (1985) |'Excellent Supply chain when a company provides products with short lead time."
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Further, the identified factors defining supply chain efficiency is graphically

represented in Figure 3.1.

Supply
Chain
Efficiency

Figure 3.1: Factors Defining Supply Chain Efficiency

3.5. Theme 5: Past Studies on Supply Chain Efficiency

This theme discusses the literature available on the past studies conducted on supply
chain efficiency. Authors have carried out a detailed and extensive literature review
and discussed the past studies conducted by various researchers globally and in
Indian perspectives (as shown Table 3.8). The past studies that has been conducted

so far are also discussed below:

Negi and Anand (2014) presented a review paper on supply chain efficiency with
insight from F&V sector in India where they highlighted the business problem of
supply chain inefficiency, which is leading to huge amount of losses and wastage.
The study also emphasised the need and importance of efficient supply chain for
better planning and management in the field of F&V sector to remove various

bottlenecks and to reduce the losses and wastage.

Zelbst et al. (2012) examine the impact of RFID (Radio Frequency Identification)

technology utilisation in manufacturing firms of the USA on manufacturing
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efficiency and effectiveness and found that utilisation of RFID technology leads to

improved manufacturing efficiency and manufacturing effectiveness.

Mishra (2012) measured the supply chain efficiency of pharmaceuticals industry in
India using DEA (Data Envelopment Analysis) tool by considering inputs and

outputs.

Lau (2012) examines the role of demand management in balancing distribution
efficiency and responsiveness to customer needs in the downstream of a retail supply

chain with the help of a case study in Australia.

Sidhu et al. (2011) studied the marketing efficiency of Green peas in India and
analysed it by three different supply chains. The study found that the most efficient
supply chain has higher marketing efficiency and the chain involves higher number

of middlemen resulting in lower efficiency.

Kim and Min (2011) measured the efficiency of the supply chain in USA from a
green perspective and proposed the Green Logistics Performance Index (GLPI)
integrating the Environmental Performance Index (EPI) and Logistics Performance
Index (LPI).

Bhardwaj et al. (2011) analysed the value chain of tomato in the Uttarakhand state
of India to figure out the developments at various stages of value chain and suggest
necessary measures. Establishment of small cold storage near Mandi, forward and
backward integration, and Minimum Support Price (MSP) for F&V are some of the

measures suggested by the authors to improve the supply chain.

Hamalainen and Tapaninen (2011) examines the cost efficiency in a Nordic paper
mill and found that cost efficiency per machine hour is under tremendous pressure in

the paper mill.

Danese and Romano (2011) conducted a study in which the authors evaluates the
effect of customer integration on supply chain efficiency and the role played by
supplier integration in manufacturing industry in Italy. The findings of the study
shows that supplier integration positively moderates the relationship between

efficiency and customer integration.
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Shukla et al. (2011) proposed a design framework that addresses the facility and link
failures explicitly by accounting for their impact on a network’s performance
measures of efficiency and robustness. The study shows that on a long-term basis,
supply chain happens to be quite reliable and a higher degree of robustness can be

integrated into the system.

Ip et al. (2011) put forward an approach to evaluate and modelling of the
performance and consistency of supply chain using system dynamics and the
autoregressive integrated moving average. Effectiveness and efficiency, with six
corresponding indicators (product reliability, employee fulfillment, customer
fulfillment, on-time delivery, profit growth, and working efficiency) were found to
be the most significant factors in the performance of supply chain. It is concluded
that to ensure better performance, continuous improvement in supply chain

efficiency is required.

Labs (2010) highlighted the importance of top-level management involvement in
food processing industry (Food & Beverages) to achieve efficiency in the supply
chain process. The author also mentioned that, availability of several tools to enable
supply chain respond to fast and unplanned deviations, top management should

initiate success.

Tippayawong et al. (2010) made a comparative study among two groups of
manufacturing industries in Thailand with varying features of technology on their
operational performance and prospective reasons that involve effective operational
performance. An attempt was made to identify the prospective causes for
improvement of SCM. The study concluded that the prospective reasons, which
involved the effective operational performance in case of both groups (consisting of
low and high technology intensity), varied completely with respect to IT application,

responsive and flexible supply chain.

Sharma and Yu (2010) examine the supply chain efficiency of manufacturing
industry in Korea. To increase and spread the variant of DEA approach, this
research helps to complement the available literature on DEA with respect to its

application on efficiency measurement in supply chain.
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Chang and Chiu (2010) conducted a study titled Supply Chain Efficiency Analysis:
A Theoretical Approach in Taiwan, in which the authors made a comparison of
supply chain between decentralised and centralised control system case. It was
found that the capital-intensive industry is superior in terms of supply chain

efficiency in central control system case.

Bigliardi and Bottani (2010) in their study devised balanced-scorecard model, which
was intended and restricted for the performance evaluation of Italian food supply
chain. The primary findings of the study was the design of a set of KPIs embodied

into a Balanced-Scorecard tool for performance evaluation in food supply chain.

Ali, Singh, and Ekanem (2009) made a study on 12 major divisions of food
producing companies in India, for analysing output and efficiency during pre and
post-liberalization era. The authors measured the performance of significant inputs
required in food-processing units and brought forward the factors of inefficiency.
The study also concluded that raw material used in an inefficient manner results in
higher inefficiency, which happens to be a major share of the cost incurred to the
food-processing units. For procurement of raw material, the intervention by the
Government is crucial and facilitates reforms at policy level to permit direct private-

participation for procurement of raw materials.

Pettersson (2008) in its study on Measurements of efficiency in a supply chain
emphasised on performance evaluation and cost assessment. The study focused on
supply chain efficiency measurement. The central research questions of the study
investigated are; How to measure supply chain efficiency and does an elementary

model measuring efficiency in an organisations exist?

Albeniz and Simchi-Levi (2007) conducted a study on improving retail supply chain
efficiency through wholesale price renegotiation in Spain focusing on double
marginalization, which is a crucial factor for inefficiency. Authors suggested a
mechanism to decrease double marginalization, which employs consistent

negotiation and wholesale price contract.

Kull et al. (2007) conducted a study on last-mile efficiency in online ordering in
context to the USA. This study focuses on customer order cycle efficiency that gains

through the learnability of websites. It lends insight into how websites influence last-
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mile supply chain efficiency via differing learning rates in the order cycle. This
study incorporated three different research fields to examines the factors that define
the true nature of online learning of the consumer. By arguing that e-commerce
learning is an essential component of interface between the organisation and
customer, it suggested that understanding of online customer’s learning is essential

for successful and efficient supply chain in e-commerce industry.

Aramyan et al. (2007) developed a model for integrated supply chain performance
measurement in a Dutch-German tomato supply chain. Various categories of
performance measures (efficiency, flexibility, responsiveness, and food quality) are

identified as key performance components of the tomato supply chain.

Zokaei and Hines (2007) conducted a study on gaining customer attention in FMCG
supply chain in UK. The authors defined and explore the distinction between supply
chain effectiveness and supply chain efficiency with the help of case study of FMCG
sector. The study exhibits how the Kano-QFD technique can be employed in the
organisations to increase the product value. It has also been seen that, there is a
strong focus on efficiency improvements while little consideration is placed to

enhance supply chain effectiveness.

Wong, W. and Wong, K. (2007) evaluated the performance of the supply chain of
manufacturing industry in with special focus on internal performance using DEA.
Cost efficiency model and technical efficiency model were the ones developed the
authors. The knowledge gained through the DEA models assists the managers to
categorise the reasons of inefficiency in operations and formulate strategies to

ensure i mprovement.

Callanan (2006) conducted a study on improving supply chain efficiency in UK
retail sector. The study focused on improving the supply chain efficiency (i.e., high
service level and inventory level with low cost) of the retail sector. The author
highlighted that appropriate technology (RFID) in retail could improve customer

satisfaction.

Rytila and Spens (2006) conducted a research study in the blood supply chain in
Finland to enhance efficiency. The study aims to enhance efficiency in blood SCM
considering the fact that blood is scarce. Simulation technique was primarily used
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for enhancing the supply chain efficiency. The finding shows that individuals taking
crucial decisions can readily make sound and risk-free decisions relating to changes
in the supply chain on the basis of information gained from simulation. Simulation
techniques is generally employed to make complicated and unstructured systems

into more systematic and efficient ones.

Borgstrom (2005) describes and evaluates effectiveness and efficiency as concepts
relying on activity based systems in the manufacturing industry of Sweden. The
evaluation involves the connotation, the application and the interconnection among
effectiveness and efficiency. The framework suggested that effectiveness and
efficiency should be viewed separately in the context of supply chain. Margins,
dependency, and time were the major difficulties identified in the analysis of

effectiveness and efficiency.

Fairchild (2005) developed a framework of SCM in the financial services industry of
Netherlands by exploring the role of flow of ideas in developing efficiency through
intelligent matching. The study highlighted that business process integration requires

computational and human intelligence to target automation efficiency.

Park and King (2004) evaluated efficiency impact of the use of Information
Technology in Food retailing firms of Georgia. The emphasis was made on figuring
out the performance measures that are linked to the balanced-scorecard approach
supported by various industry analyst and on evaluating productivity related to store
level effects of IT adoption. Retailers that implement a bigger portfolio of
information sharing technology (vendor managed inventory, and use of bar code and
RFID) have enhanced the results. Store organisation and the adoption of data
sharing and decision sharing technologies were found the significant factors

influencing efficiency.

Karkkainen (2003) did a research on enhancing efficiency in SCM of lesser shelf-
life products by the usage of RFID tagging in Finland. The focus of the study was on
implementation of RFID on a trial basis at Sainsbury’s, which were further
disseminated to understand the positives of RFID in food retail sector. It was
inferred that an effective data capturing mechanism could assist in solving the issues

of lesser shelf-life products.
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Prasad and Sounderpandian (2003) provides a checklist of reasons having an impact
upon international supply chain efficiency in USA. The study focused on three
aspects i.e. sourcing, processing and distribution and provides recommendations for

managers in global supply chain to achieve competitive edge.

Stephens (2001) discussed the Supply Chain Operations Reference (SCOR) Model,
its expansion, and its implementation to enhance efficiency in supply chain. SCOR
model is a business process reference model, which offers inclusive toolset
combining organisational processes to effective practice, metrics, and technology.
This model has been successfully implemented in European countries, Latin
America, North America, Asian countries, New Zealand, and Australia.

The concept of efficiency and effectiveness of the process are evaluated by Hewitt
(1994), in connection with redesigning of supply chain of various companies and
found that supply chain having process orientation results in a level of inter and intra

organisational efficiency and effectiveness with respect to operations.

Horscroft and Braithwaite (1990) describe the strategic lead-time approach to
enhance supply chain efficiency and improve the performance of customer service

in the manufacturing industry in UK.

It can be seen in the past available literature that various studies have been
conducted globally on supply chain efficiency, but to the best of author’s
knowledge, there is a lack of study on supply chain efficiency specifically to F&V
sector in India. The summary of the literature review on supply chain efficiency is

shown in Table 3.8.

Table 3.8: Summary of Past Studies on Supply Chain Efficiency

Author (Year) Context Inference Country

Authors highlighted the need and importance of
efficient supply chain for better planning and

Negl(z;rg)dlgnand \';gugfa?)r;gs management in the field of F&V sector to India
g remove various bottlenecks and to reduce the
losses and wastage.
Measured the supply chain efficiency of
Mishra (2012) Pharma Industry | pharmaceuticals industry in India using DEA tool India

by considering inputs and outputs.
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Zelbst et al. (2012)

Manufacturing
SC

Examines the effect of RFID technology
utilisation in  manufacturing firms on
manufacturing efficiency and effectiveness and
found that RFID implementation leads to
improved  manufacturing  efficiency and
manufacturing effectiveness.

USA

Lau (2012)

Retail SC

This case study examines the role of demand
management in balancing distribution efficiency
and responsiveness to  customer  needs
in the downstream of a retail supply chain.

Australia

Sidhu et al. (2011)

Vegetables
(Marketing
Efficiency)

The marketing efficiency of Green peas has been
studied and analysed by three different supply
chains. The supply chain, in which marketing
efficiency was higher, has been the most efficient
supply chain. The large number of middlemen
results in lower marketing efficiency.

Punjab,
India

Kim and Min (2011)

Green Supply
Chain

Measured the efficiency of the supply chain in
USA from a green perspective and proposed the
Green Logistics Performance Index (GLPI).

USA

Bhardwaj et al.
(2011)

Tomato

Authors studied and analysed the value chain of
tomato in Uttarakhand and figure out the
developments at various stages of value chain
and suggest necessary measures.

Uttarakhand,
India

Hamalainen and
Tapaninen (2011)

Paper mill

Examines the cost efficiency in a Nordic paper
mill and found that cost efficiency per machine
hour is under tremendous pressure in the paper
mill.

Nordic

Danese and Romano
(2011)

Manufacturing
SC

This paper analyses the impact of customer
integration on supply chain efficiency, and the
moderating role of supplier integration in a
manufacturing industry.

Italy

Shukla, Lalit, and
Venkatasubramanian
(2011)

Supply Chain
Network

This study proposes a design framework that
addresses the facility and link failures explicitly
by accounting for their impact on a network’s
performance measures of efficiency and
robustness.

USA

Ip, Chan, and Lam
(2011)

Manufacturing
SC

Effectiveness and  efficiency, with six
corresponding indicators (product reliability,
employee fulfillment, customer fulfillment, on-
time delivery, profit growth, and working
efficiency) were found to be the most significant
factors in the performance of the supply chain.

China

Labs (2010)

Food Processing

The author discussed the significance of
involvement of higher-level management in food
processing industry (Food & Beverages) to
achieve efficiency in the supply chain process.

Global

Tippayawong et al.
(2010)

Technology
Companies

Comparative study was done among two groups
of manufacturing industries in Thailand with
varying features of technology on their
operational performance and prospective reasons
that involve effective operational performance.

Thailand

Sharma and Yu
(2010)

Manufacturing
SC

Examines the supply chain efficiency of
manufacturing industry in Korea to increase and
spread the variant of DEA approach.

Korea
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Chang and Chiu
(2010)

Manufacturing
SC

Authors made a comparison of supply chain
between decentralised and centralised control
system case.

Capital-intensive industry is superior in terms of
supply chain efficiency in central control system
case of centralised control system.

Taiwan

Bigliardi and Bottani

(2010)

Food SC

Authors devised balanced-scorecard model,
which was intended and restricted for the
performance evaluation of Italian food supply
chain.

Italy

Ali, Singh, and
Ekanem (2009)

Food Processing
Industry

Authors measured the performance of significant
inputs required in food-processing units and
brought forward the factors of inefficiency. The
study also concluded that raw material used in an
inefficient manner results in higher inefficiency,
which happens to be a major share of the cost
incurred to the food-processing units.

India

Pettersson (2008)

Supply Chain

Study emphasised on performance evaluation and
cost assessment. It was focused on supply chain
efficiency measurement.

Sweden

Albeniz and Simchi-

Levi (2007)

Retail Sector

Study emphasised on improving retail supply
chain efficiency through wholesale price
renegotiation in Spain focusing on double
marginalization, which is a crucial factor for
inefficiency.

Spain

Kull, Boyer, and
Calantone (2007)

E-Commerce

This paper focuses on customer order cycle
efficiency gains through the learnability of
websites. It lends insight into how websites
influence last-mile supply chain efficiency.

USA

Aramyan et al.
(2007)

Agri-Food SC

Developed a model for integrated supply chain
performance measurement in a Dutch-German
tomato supply chain. Flexibility, efficiency,
responsiveness, and food quality are Kkey
component in performance measurement system.

Germany

Zokaei and Hines
(2007)

FMCG Sector

Defined and explore the distinction between
supply chain effectiveness and supply chain
efficiency with the help of case study of FMCG
sector in UK.

UK

Wong and Wong
(2007)

Manufacturing
SC

Evaluated the performance of the supply chain of
manufacturing industry in with special focus on
internal performance using DEA. Cost efficiency
model and technical efficiency model were the
ones developed the authors.

Singapore;
Malaysia

Callanan (2006)

Retail Sector

The article focused on improving the supply
chain efficiency (i.e., high service level and
inventory level with low cost) of the retail sector.
The author highlighted that appropriate
technology (RFID) in retail could improve
customer satisfaction.

UK

Reiner and Hofmann

(2006)

Manufacturing
SC

Authors present an integrated benchmarking
approach for analysing the efficiency in the SC
process. They analyse the performance using
DEA approach and found that make-to-stock is
still the predominating manufacturing strategy.

USA
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Research study in the blood supply chain in

Rytila and Spens Blood Supply | Finland to enhance efficiency. The study aims to Finland
(2006) Chain enhance efficiency in blood SCM considering the
fact that blood is scarce.
Author describes and evaluates effectiveness and
efficiency as concepts relying on activity based
Manufacturing | systems in the manufacturing industry of
Borgstrom (2005) SC Sweden. The framework suggested that Sweden
effectiveness and efficiency should be viewed
separately in the context of supply chain.
. . Developed a framework of SCM in the financial
Financial services industry of Netherlands by exploring the
Fairchild (2005) Services ye . y exploring Netherlands
Industry role of flow of ideas in developing efficiency

through intelligent matching.

Park and King
(2004)

Food Retailing

Authors have evaluated efficiency impact of the
use of Information Technology in Food
Retailing. Store organisation and the adoption of
data sharing and decision sharing technologies
were found the significant factors influencing
efficiency.

Georgia

Karkkainen (2003)

Short Self Life
Product

Research on enhancing efficiency in SCM of
lesser shelf-life products by the usage of RFID
tagging in Finland. It was inferred that an
effective data capturing mechanism could assist
in solving the issues of lesser shelf-life products.

Finland

Prasad and
Sounderpandian
(2003)

Information
System

Author provides a checklist of reasons having an
impact upon international supply chain efficiency
in USA. The study focused on three aspects i.e.
sourcing, processing and distribution

USA

Stephens (2001)

SCOR Model

Discussed the Supply Chain  Operations
Reference (SCOR) Model, its expansion, and its
implementation to enhance efficiency in supply
chain.

USA

Hewitt (1994)

Manufacturing
SC

The concept of efficiency and effectiveness of the
process are evaluated by author, in connection
with redesigning of supply chain of various
companies.

England

Horscroft and
Braithwaite (1990)

Manufacturing
SC

Paper describes the strategic lead-time approach
to improve efficiency in supply chain and
improve the performance of customer service in
the manufacturing supply chain.

UK

3.6. Theme 6: Measuring Supply Chain Efficiency

This theme discusses the measures for supply chain efficiency. The measures are

discussed and highlighted below, and the summary of the same is presented in Table

3.9.

The studies show that quantitative efficiency measurement may be classified as

profit or cost, productivity, and customer responsiveness whereas qualitative
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efficiency measurement may be classified as consumer satisfaction, goods flow and
information integration, flexibility, efficient supplier, and managing risk. Higher
efficiency in supply chain can be attained by selecting minimum price that the
supplier is ready to take or the maximum price the manufacturer is ready to pay for
semi-finished goods (Mishra, 2012). Aramyan et al. (2007) identified four basic
evaluative methods of performance (flexibility, food quality, efficiency and
responsiveness) as facilitating factors of performance evaluation system in supply

chain.

IT utilisation, SCM flexibility, and responsiveness also constitute the efficient
supply chain operational performance. It is also reported that better financial
performance is a byproduct of efficient and effective supply chain. The past studies
study also reported that the main difficulties in analysing efficiency and
A model (in

manufacturing) was also proposed in the literature to improve supply chain

effectiveness are time, boundaries, and interdependencies.
efficiency and effectiveness based on four criteria namely: lead-time, profit, quick
delivery, waste eradication. The best measure for enhancing the supply chain
efficiency is the least cost measures that yield maximum benefit to the end

consumers.

Table 3.9: Summary of Measures for Supply Chain Efficiency

Author (Year) Inference

 Janvier-James Assey
Mbang (2013);

* Mishra (2012);

* Hamalainen and
Tapaninen (2011);

» Chang and Chiu
(2010);

* Pandey et al. (2009);

+ Aramyan et al.
(2007),

» Tippayawong et al.
(2010);

* Reiner and Hofmann
(2006);

Quantitative efficiency measurement may be classified as profit or cost,
productivity, and customer responsiveness. Qualitative efficiency
measurement may be classified as Consumer satisfaction, Flexibility,
Material flow and Information integration, Effective risk
management, Supplier Efficiency.

Higher efficiency in supply chain can be attained by selecting minimum
price that the supplier is ready to take or the maximum price the
manufacturer is ready to pay for semi-finished goods

Four basic evaluative methods of performance (flexibility, food quality,
efficiency and responsiveness) are facilitating factors of evaluation
system in supply chain.

The factor determined from the study are IT utilisation, SCM flexibility
and responsiveness, which constitute efficiency in operations of supply

chain in low and high technology intensive groups.
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» David Walters « Itis reported better performance on financial grounds is the byproduct of
(2006) efficient supply chain.

* Liang et al. (2006) » The study reported that while SCM is to a degree customer-focused, the

» Borgstrom (2005) emphasis is on efficiency.

+ Karkkainen (2003); |+ The study reported that while analysing the efficiency, supply chain

* Liand O’Brien encounters difficulties, such as, dependency, boundaries, and time factors.
(1999) * Proposed a model (in manufacturing) to improve supply chain
+ Chen (1997) effectiveness and efficiency based on criteria, such as, lead-time, waste

eradication, quick delivery, and profit.
* The best measure for enhancing the supply chain efficiency is the least

cost measures that yield maximum benefit to the end consumers.

3.7. Theme 7: Measures to Improve Supply Chain Efficiency

This theme discusses some of the measures, which have been suggested and
highlighted in the past studies for improving level of efficiency of supply chain in
general. The suggested measures are discussed and highlighted below. Moreover,

the summary of the same is presented in Table 3.10.

Product quality control and management, adoption of pull based supply chain
model, communications, use of ICT for better information sharing, strategic
alliances, trust and collaboration among stakeholders, volume growth, constant
investment, technology based data capture system like RFID, innovations, well
equipped man power, operational scale, flexibility in production, cost control,
vertical co-ordination, continuous supply, minimum costs of production, minimum
transportation cost, minimum inventory holding, and use of technology are some of
the important measures suggested by various authors to improve supply chain

efficiency.

Table 3.10: Summary of Measures to Improve Supply Chain Efficiency

Author (Year) Inference
Jraisat and Sawalha | The study showed that quality control in supply chain plays the role of key
(2013) strategy to deal with challenges in supply chain.
Xiao and Chen Adoption of pull model will enhance the performance of producers and
(2012) distributors, hence, the entire supply chain.
The ICT system provides a platform for sharing information which is common
Pandey et al. (2009) | for growers and buyers. This makes the value chain of apple more efficient in
terms of delivery.
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Ali et al. (2009)

Technology is considered to play a significant role in the food sector with
respect to cost efficiency and growth.

Matopoulos et al.
(2007); Cadilhon et

The research highlighted the role and importance of collaboration and trust
issues between various stakeholders in the vegetables marketing system.

al. (2003)
Vasileiou and Social factor and environmental factors are the indicators of business
Morris (2006) performance.

Karkkainen (2003)

RFID based technology that helps to capture the data, assists in providing
solutions to issues involved in logistics and supply chain of product having
low shelf life.

Fearne and Hughes

The key attributes for success in perishable food supply chain are better
manpower, constant investment, cost control, growth of the volume, and

(2000) - )
innovation.
Mowat and Collin | The entire supply chain performance can be enhanced by greater product
(2000) quality.
Folkerts and Vertical coordination is essential to improve the competitive position.
Koehorst (1997)
Fisher (1997) Functional products require an efficient supply chain in which the costs of

production, transportation and inventory holding are minimised.

Grimsdell (1996)

Strategic associations, continous supply, communication, operational scale,

and quality control are the requirements of efficient supply chain.

3.8. Theme 8: Significance of Efficient Supply Chain in F&V Sector

This theme discusses and highlighted the importance of efficient supply chain in
F&V sector in India. Several researchers have highlighted the need of efficiency in
supply chain and its importance for the stakeholders involved indirectly or directly
in catering to the requirements of the consumer and to the Indian economy as a
whole. The importance is highlighted and discussed below, and the summary of the

same is presented in Table 3.11.

In order to increase the profitability of stakeholders, efficiency in supply chain is
highly essential in F&V sector, which would also help in reduction of wastages and
losses incurred in this sector. Further, this would help in maintaining the value and
quality of F&V, therby resulting in a reliable and timely delivery to the customers at
appropriate time by maintaing proper quality at reasonable prices. It can be inferred
that efficiency in supply chain is the need of the hour in F&V sector, hence, it

exhibits an essentiality for further research in the area of SCM.

Table 3.11: Significance of Efficient Supply Chain in F&V Sector

Author (Year) Significance

As Indian economy is based on agriculture, there is a need to develop
proper supply chain models, which may play an important role in
increasing the shelf life and in turn reduce the losses and wastages in

Negi and Anand
(2015)
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F&V.

Rais and Sheoran
(2015)

In case of many F&V, India happens to be the leading producer in the
world, but the existence of a higher gap between per capita demand
and supply is due losses during the post-harvest supply chain (poor
handling and storage issues) and it amount to significant losses for the
country. Therefore, there is a requirement of robust and efficient SCM
in F&V sector and considerable improvements are needed in all the
phases through best practices followed globally.

Shukla and
Jharkharia (2013)

In developing nations like India and China, the consumption pattern
will be subject to massive changes, which will demand the need of
higher efficiency in supply chain. The extent of wastage can be
reduced only by the proper and efficient supply chain.

Halder & Pati
(2011)

India being an agrarian economy requires proper measures and
efficient supply chain for playing a major role in minimising wastages
and losses during several phases of supply chain.

Veena et al.
(2011)

Higher degree of efficiency in supply chain happens to increase the
profits generated and retailer’s efficiency alongwith adding greater
value to various stakeholders involved in supply chain process
(farmers, aggregators, and end users).

Bhardwaj et al.

In order to reduce losses pertaining to tomato during post-harvest, there
is a requirement of efficient food supply chain. There are significant

(2011) inefficiencies witnessed in tomato value chain, which if taken care of
will result in proseperity of farmers.
Reddy et al. Efficiency in F&V supply chain will add significant value to the
(2010) perishable food products and assist in bringing the same to the market.

Rathore et al.

F&V are highly perishable in nature, and because of the high level of
wastage and inefficiency in this sector, efficient supply chain after the
farm gate to the final consumer has become an absolute necessity.

(2010) Therefore, there is an urgent need to develop intelligent supply chains
to curb losses, increase the shelf life of F&V, and ensure safety and
desired quality.

Murthy et al. Efficient Supply chain would help largely to reduce losses occurring

(2009) during various stages of the supply chain.

Dharni Efficiency in the distribution channel and supply chain are vital
arni and hes f hancing revenue for the growers and simultaneousl
Sharma (2008) approaches for enhancing g y

ensuring an increase in affordability.

Viswanadham
(2007)

By developing an effective and efficient supply chain using technical
approaches, chances are likely to feed the Indian population with the
help of value addition in food, ensuring better prices for growers.

Karkkainen,
(2003); Raman et
al. (2001); Bubny

(2000); Toyryla
(1999); Kantor et
al. (1997)

SCM is vital in the field of the products having lesser shelf life because
of larger product varieties, perishable nature, controlled temperature,
and strict monitoring. Hence, attaining efficiency throughout the
supply chain is of vital necessity for perishable goods.

Importance
of efficient
supply chain
in F&V has
been
highlighted.

Improved efficiency and performance of F&V supply chain are expected to

significantly reduce the perishable food wastage and increase the income of farmers

and other stakeholders. Further, the importance of efficient supply chain is

graphically represented in Figure 3.2.
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Figure 3.2: Significance of Efficient Supply Chain in F&V Sector

3.9. Theme 9: Goldratt's ""Theory of Constraints' Thinking Processes

This theme discusses the literature available on the past studies conducted on
Goldratt's "Theory of Constraints” Thinking Processes. Authors have carried out an

extensive literature review and discussed the past studies conducted globally and in

Indian perspectives (as shown Table 3.12).

Table 3.12: Summary of Past studies on Goldratt's ""Theory of Constraints' Thinking

Processes
Author (Year) Context Obijective Country
El-Sakty and This paper aims to address a series of tools and instruments that] Global
Beheir {2014) facilitate trade using TSC, and it proposes a Thinking Process
y Framework that could support global supply chain growth.
Authors documented the application of Theory of Constraints
Nowakowska- L . .
approach to overcome distinctive strategic encounters in SCM.| Global
Grunt and Moroz h he phil hv of b d d
(2013) It presents how the philosophy o _TO_C can be used to expan
the general framework for cooperation in SCM.
Authors thoroughly define the key concrete contributions of the
Souza and Pires theory to distribution and outbound logistics. They describe the| Brazil
(2010) General SC [real functional features of the tactic proposed by TOC to the
logistics of outbound operations.
This study applied the approach of TOC to counter the problems
Simatupang, in understanding the possible benefits of collaboration in supply]  New
Wright, and chain. Precisely, it demonstrated how the approach can be| Zealand
Sridharan (2004) adopted to represent an intrinsic dilemma of collaborative
performance metrics and collaboration.
Tavlor and Orteqa This paper detailed the use elements of the Thinking Process in
y g an attempt to elicit a logical, comprehensive solution to a Global
(2003) . L
multifaceted, intricate problem.
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Rahman (2002)

Mabin (1999)

Rahman (1998)

Authors describe an application of a thinking process to
determine the key success reasons in SCM and to comprehend
underlying associations among these reasons.

Australia

This study concisely summarise the TOC approach and
deliberates the comparisons between other existing methods
(specifically, Rational Model of decision-making) and TOC.

New
Zealand

Author conducted an investigation of a complete publications
list with respect to TOC. The explored themes are categorised as
theoretical description and development of the methodology,
evaluation with other methods based on its philosophy, and
applications in fields such as education management,
administration, procurement, manufacturing, finance &
accounting, and managing quality.

Global

Simsita et al.,
(2014)

Kim et al., (2008)

LR

This research delivers a literature review on TOC development
through its five eras- "the optimized product technology era, the
goal era, the haystack syndrome era, it’s not luck era and the
critical chain era". The historic context and basic theories of|
TOC purpose is to see the evolvement of this philosophy over
the period and changes, which took place in TOC researches.

Global

Authors reviewed the expansions to the knowledge of TOC. The
study mainly focused on "TOC thinking processes” to
investigate the characteristics of the thinking processes and their
advancement in terms of methodology and application.

Global

Wolniak et al.
(2017)

Taylor and Asthana
(2016)

Pegels and Watrous
(2005)

Ehie and Sheu
(2005)

Mabin and
Balderstone (2003)

Manufacturing

The study presents the example of practical application of TOC
to improve production process in the case of the company)
producing electrical equipment for the mining industry.

Poland

Authors studied a segment of a manufacturing company facing
inventory control problems. This research pursued using
Goldratt’s Thinking Process, with the intent of investigating
solutions to the problem faced by the company.

USA

Study describes the methodology for successful application of
TOC with reference to a problem related to manufacturing
operations.

Global

Authors investigate the prospective of integrating six sigma and
TOC to enhance performance of production system. Study also
suggests a combined TOC/SS framework and implemented to
the production system of a company to enhance its operation.

USA

Authors present a literature review investigating the outcomes of]
applying TOC as reported in the literature. This study exhibits
that financial and operational performance can be significantly|
improved by the application of TOC.

Australia

Taylor and Jenny
(2008)

Taylor and Poyner
(2008)

Walker and Cox
(2006)

Human
Resource
Management

The article discusses the implication of glass ceiling approach
on the employment of women and minorities in the business
world.

USA

The authors investigate the issue of retention of skilled
manpower in an extremely competitive labour market for a
production plant in the oilfields of West Texas. They evaluates
that how a skilled employee can be retained using the thinking
process logic.

USA

The aim of this study is to describe the usage of Current Reality
Tree, which is one of the tool of TOC thinking process. The aim

of the tool is to determine the reason for undesirable effects or

USA
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surface problems that occurs in a company.

This study presents a complete descriptive investigation of the

. application of TOC five-step focusing process in enhancing the] USA
Reid (2007) .. . .
efficiency of a service process that was affecting the
. performance of an overall system.
Banking - - —
Authors used "Goldratt’s Theory of Constraints and Thinking
Taylor and Miller Process" in Banks M&A (Mergers and Acquisitions) with an| USA
(2004) aim to create beneficial information essential to identify means
that improve the present scenario.
This research presented a study of amalgamation of thinking
process of TOC and process engineering with reference to the
Lacerda et al. processes of an academic organisation. Study shows the
(2010) matching characteristics among the theories and their
. advantages for the organisation. Brazil
Education - - - -
This study proposed instructors tools that impart skills to the
students related to identification of problems and analysis of the
Cooper and Loe o . N ) . s N
(2000) situations. "Goldratt's theory of constraints thinking processes
is delivered as a model beside with procedures for applying this| Global
approach in marketing.
The focus of this study is at an ED center in Bowling Green
Kentucky, using theory of constraints (TOC) thinking process
Amonge (2015) .u .y using y . .I ( ) thinking p
application tools to capture in detail the core and apply TOC to] USA
. resolve the problems identified.
Hospital - — -
In this paper, authors used Thinking Process to determine and
Taylor and . . " ;
Churchwell (2004) answer the issues with reference to "General Medical USA
Department of an MHMR State Hospital” in Texas (USA).
Through case-study method, this study discover the current
Singh and Misra EMCG operational model of TOC particularly in outbound supply chain
(2017) and exposes the related bottlenecks that occurs during| India
application.
This paper identifies, which undesirable effect is the core
Tavior and problem to Digital Rights Management brings to the market.
y Media With Goldratt's thinking process, an injection is created thatf USA
Jonathan (2016) . . o
solves this core problem and creates a solution that satisfies all
parties.
Authors identify the manners for improving the logistics
Brzozowska et al. Adribusiness information management system in an agribusiness enterprise,
(2016) g based on methods for projects management, encountered in the| Global
Theory of Constraints.
. This research adopts Theory of Constraints (ToC) methodology
. Business . . . . 8
Banerjee and - and amalgamates it with design thinking process, people’s
Functional . . . . .
Mukhopadhyay opinion and mathematical approach to help achieve supply chain|  India
Department -
(2016) leagility.
. |This study explores the use of TOC approach in solving the
Transportation - blem i q . hich is th N
S (Traffic congestion problem in road transportation system, which is the ew
Zivaljevic (2015) . key obstacle in improving the effectiveness of the road| Zealand
Congestion) .
transportation.
This study presents an example of process modelling integration
. by applying the "Value Stream Mapping and the Thinking
. Automotive N . L. . .
Librelato et al. Industry Process of the TOC" by analysing organisational process. This| Brazil

(2014)

study also highlighted the characterstics and benefits of these
approaches to the automotive industry.
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Oglethorpe and
Heron (2013)

Food Supply
chain

This study identified the noticeable supply chain and operations
limitations that happen in the supply chains of local foods,
particularly with marginal producers, as there aim is to enhance
market diffusion in a broader geographical region.

UK

Taylor and Esan
(2012)

Fruits &
Vegetables SC

Authors used "Goldratt’s Theory of Constraints and Thinking
Process" to identify the central factor for the wastage and losses
with an aim to generate essential information to enhance the
current scenario and minimise losses. This study was related to
Transport modes, Storing, and Sales of fresh F&V.

Nigeria

Taylor and Thomas
(2008)

Oil & Gas

Authors apply "Goldratt's thinking process" to complications
related to the invoicing system of a consulting firm in order to
enhance efficiency. By detecting the central issue, authors
determined "what to change, what to change to, and how to
cause the change".

USA

Taylor et al. (2007)

Business Start-
ups

This study presents the "Goldratt’s Theory of Constraint and
Thinking Process" as decision making modeling tool. Both the
the theory and the process are defined and described with the
help of a simulation of small business startup.

USA

Polito et al. (2006)

Airline
Industry

Authors illustrate the application of a particular method "The
Thinking Processes™ to solve the case of an airline industry for
improving and enhancing competitive outcomes.

Global

Taylor et al. (2006)

Police & Fire
Dept.

This study investigates the features and degree of employee
retainment and throughput for metropolitan police and fire
departments. This study exposes how the thinking process
approach by Goldratt’s can be used to the problems in business
that have humerous variables.

USA

Reid and Cormier
(2003)

Service
Industry

This study shows that how a TOC thinking process approach
can be applied by a manager to identify the answers for the
following questions in a small service organisation: "What to
change? and What to change to?". The new technique, which is
known as three-cloud approach was used in this study to identify
the central problem accountable for the major issues presently
encountered by organisations.

USA

Taylor and
Sheffield (2002)

Health
Insurance

This study focuses on the application of "Goldratt’s Thinking
Process" in a "claims processing center" in USA. They defines
the processes related to claim registering and its settlement,
apply "Goldratt’s Thinking Process" to that situation, and give

suggestions for the improvement.

USA

It has been observed by the researcher that this theory has been broadly used in
manufacturing and service sector but hardly found any evidence for the application
in the supply chain for F&V sector. A researcher could find a study, which was

conducted in Nigerian F&V supply chain, but that is also limited to only

transportation and storage problem.

3.10. Research Gap

Based on the above literature review, a gap was identified as though various studies

are available on supply chain efficiency of agri and other products, but hardly any
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study could be found on suggesting a framework for improving supply chain

efficiency at various stages of F&V sector. The research gap identified in each

theme is shown in Table 3.13.

Table 3.13: Theme wise Research Gap

Theme Research Gap
Theme 1 There is inadequate literature available on reasons for supply chain inefficiency in
various activities across the stages with reference to F&V.
The most inefficient supply chain is a significant challenge on the roads of speedy
Theme 2 development of Indian agriculture sector. Hence, there is a need to identify the
activities leading to inefficiency across the stages of F&V supply chain and the
major reasons behind that.
To the best of author’s knowledge, there is a lack of study on identifying the most
Theme 3 significant activities leading to supply chain inefficiency with reference to cost,

time, and quality across the stages of the supply chain, which is ultimately resulting
to losses and wastage, and the reasons for that inefficiency.

Theme 5, 6, and 7

To the best of author’s knowledge, enough study has not been conducted on supply
chain efficiency specifically to F&V sector in India.

Theme 8 It can be inferred based on the available literature that efficient supply chain is the

need of the hour for F&V sector, which arises a need for research in this area.

Theme 9 The author hardly found any study on TOC thinking process related to supply chain

efficiency of F&V sector in the Indian scenario.

3.11. Theoretical Premises

The approach of Goldratt's "Theory of Constraints” Thinking Processes has been

used in this study for process improvement of F&V supply chain.

Various theories like Stakeholders theory, Organisational theory, Transaction Cost
Economies theory, Agents Theory, Theory of Constraints, and Resource-based view
theory were studied to deliberate the theoretical premise for this study (Sanderson et
al., 2015; Halldorsson et al., 2007). After due deliberation, it has been observed that
Goldratt’s Theory of Constraints Thinking Process is the most relevant for this

study.
The Thinking Process and the Theory of Constraints (TOC)

Goldratt [1992] in his book narrates the evidence of a manager of a plant who
struggles to manage his plant, searching for a way to improve the plant’s
performance. With the help of an academician, the manager learned the skills to
enhance the performance issues of the plant thereby also gaining the knowledge of

finding out solution to the potential problems resulting in win-win situation.
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According to (Taylor and Esan, 2012), "Goldratt’s Theory of Constraints (TOC)
focuses on the efficiency of all the processes as a whole rather than the efficiency of

any one single process."

In Goldratt’s ToC, a given group of processes will have the weakest link controlling
the entire system. To facilitate a better performance, the challenges in weakest link
and the speed controlling the link must be identified and improved. Considering the
fact that, the major constraints come from the weakest link, hence, all the processes
involved must be evaluated to understand the constraints and central problems to be

given a potential solution (Taylor and Esan, 2012).

Since, TOC is popular for overcoming the bottlenecks involved in the management
of supply chain, the term also denotes to a variety of other related productivity
concepts put forward by Dr. Goldratt or other supporters of his philosophy (Polito et
al., 2006).

While TOC was developed for manufacturing through Goldratt’s Thinking Process,
the Thinking process system is true to all constraints and processes; whatever the
case may be (Taylor and Ortega, 2003). TOC thinking process is not taken into
account by system modelers to be a part of the system’s literature, but the system
methodology tries to make the changes undertaken as a component of a process
involved for the enhancement, which will benefit the entire system rather than just a
minor part of the system (Mabin, 1999).

Because of the fact that, the constraint is not often evident, Goldratt (1992)

developed the Thinking Process, which is a series of following steps:

e What to Change? Locate the constraint
e What to change to? Determine the solution
¢ How to make the change? How to implement the solution

The above steps are refereed as Thinking Process. Goldratt’s Theory of Constraints
and Thinking Process has been used in several cases for performance enhancement
and resolutions to business process related problems and to figure out the core

problem.
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It has been observed by the researcher that this theory has been broadly used in
manufacturing and service sector but hardly found any evidence for the application
in the supply chain for F&V sector (refer Table 12). A researcher could find a study,
which has been conducted in Nigerian F&V supply chain, but that is also limited to
only transportation and storage problem. This study has been carried out specifically
for supply chain efficiency in different stages of F&V sector in India for which this
theory of constraints thinking process has been considered as a theoretical base for

the research work.
Concluding Remarks

This chapter concludes the discussion on literature available in the domain of supply
chain relating to fresh produce. Extensive literature review has been conducted
under different themes to identify the research gap in the past available literature.
The next chapter describes the research questions, research objectives in detail and

the methodology adopted to attain the results.
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4 » RESEARCH METHODOLOGY

Research method is the framework that gives the blueprint of the study to be
conducted and ensures that the present research is relevant to the problem. This
chapter presents the rationale for the study, problem statement, research questions,
research objectives and the research design adopted for data collection and get the
results. Further, this chapter discusses the sampling process, administration of

survey and statistical tools used for data analysis.
4.1. Rationale of the Study

The supply chain of F&V sector in India is suffering from maximum inefficiencies,
which are leading to the massive amount of losses, and wastage in F&V. India, the
world’s second largest F&V producer, is also one of the biggest wasters in the
world, which is a high matter of concern for the nation. Each year, billions of tons of
fresh food items with millions of dollars' worth lost due to inadequate supply chain
system. Therefore, there is a comprehensive requirement of research in the area not
only to fully understand the challenges in supply chains management but also to
identify the opportunities for improvement and to reduce several inefficiencies in the
supply chains. F&V are highly perishable in nature; and because of the high level of
wastage due to inefficiency in this sector, efficient supply chain from the farm gate
to the final consumer has become an absolute necessity, hence there is an urgent
need to develop an intelligent supply chain to curb losses and increase the shelf life
of F&V and ensure safety and desired quality. This study emphases on identifying
the activities contributing to supply chain inefficiencies across the stages of F&V
supply chain starting from farm gate to the commission agent/pre-harvest contractor
to local traders and then finally to wholesale market usually known as Mandi, and
the factors leading to supply chain inefficiency in the identified activities across the
stages. Based on these identified activities and factors a framework has been

developed for improving supply chain efficiency of F&V sector in India.
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4.2. Problem Statement

Although in the existing literature, various studies have been conducted on F&V

supply chain in general but there is a lack of study on supply chain efficiency

specifically to F&V sector. Also, the weak links and constraints responsible for

supply chain inefficiency in different stages of F&V sector and the measures to

improve supply chain efficiency are not known. Further, it has been observed that

there is a lack of a framework for improving supply chain efficiency of F&V

(specifically mango and tomato) sector in India.

4.3. Research Questions

To address the gaps in the existing literature of F&V supply chain, few vital

research questions are considered. They are as follows:

What are the most significant activities contributing to supply chain
inefficiency in different stages of fruits and vegetables supply chain with
specific reference to mango and tomato?

What are the factors leading to supply chain inefficiency in the identified
activities in different stages of fruits and vegetables supply chain with
specific reference to mango and tomato?

How to develop a framework for improving supply chain efficiency of fruits

and vegetables sector with specific reference to mango and tomato?

4.4. Research Objectives

The objectives of the present research are mentioned below:

To identify the most significant activities contributing to supply chain
inefficiency (with respect to cost, time and quality) in different stages of
F&V supply chain with specific reference to mango and tomato

To identify the factors leading to supply chain inefficiency (with respect to
cost, time and quality) in the identified activities in different stages of F&V
supply chain with specific reference to mango and tomato

To develop a framework for improving supply chain efficiency of F&V

sector with specific reference to mango and tomato
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4.5. Research Design

According to Kinnear and Taylor (1996), "Research design is a blueprint that is
followed to complete the study and it ensures that the study is relevant to the
problem and use economic procedures". The research design used in this study can
be categorised into two major categories i.e. exploratory research, for first two

objectives and conclusive research, for third objective.
4.5.1. Research Process

The framework followed to obtain answers to the research questions is represented
diagrammatically in below Figure 4.1.

| Preliminary literature |

Bus=iness/Fesearch Problem l

Definition Theory exploration
s  Questions *» Theoretical framework
* Objectives

Literatur e r eview

Selection of basic research methods

¢  Swvey (guesionnaire) “‘_I

s Interview
! )

Sampling (survey) Sampling (interview)
¥ ¥
| Questi onnaire development | | Experts |
*
| Pilottrudy | | Semi Structured Questions |
| |

Research desion

L +
| Refinement questionnaire | Pilot Study
! - .

| Data collection (Field work) | | Conduct interviews |

b h

I Editing/coding of data l Editing/coding of data

Data collection

Quantitative analysis Factors leading to Qualitative anal ysis
- Supply Chain * Transcribed coding
Inefficiency in F&V & analysis
Sector

* Ranking
« EFA

Interpretation ofresults and findings |

+

[ Conclusion and recommendati on |

Conclusion

Figure 4.1: The Research Process Flow Chart
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The research design and necessary steps followed to accomplish Research objective

1, 2 and 3 have been shown separately.

Process/Steps for Research Objective 1:

Objective 1:

To identify the most significant
activities contributing to supply
chain inefficiency (with respect

to cost, time and quality) in

different stages of fruits and
vegetables supply chain with

\speciﬁc reference to mango andj

tomato

Steps:
1. Mapping/Listing of activities at each stages of the Mango and Tomato supply chain
through Supply Chain Mapping.
2. Preparation of Questionnaire based on the mapped/listed activities.
3. 5 point Likert scale used.
4. Finalize the questionnaire after the pilot study
5. Reliability test of the Questionnaire followed by Cronbach alpha.

Sample Size- 5-8 times of items

Research Design

Exploratory

Research

Process/Steps for Research Objective 2:

Objective 2:

To identify the factors leading to
supply chain inefficiency (with
respectto cost, time and quality)
in the identified activities in
different stages of fruits and
vegetables supply chain with

\speciﬁc reference to mango and)

lomato

Steps:
1. Preparation of Questionnaire for identifying the factors (Identification of variables for
supply chain inefficiency in the identified activities from RO 1 listed through extensive
literature review)

2. 5 point Likert scale used.
4. Finalize the questionnaire after the pilot study
5. Reliability test of the Questionnaire followed by Cronbach alpha
6. KMO and Bartlett's Test to carry Factor Analysis.
Sample Size- 5-8 times of K (variables)

Research Design

Exploratory

Research

105

~

Most significant
activities contributing
to supply chain
inefficiency in different
stages of mango and
tomato supply chain

e J

Tool: Ranking Method

( Factors leading to
supply chain
inefficiency in the
identified activities in
different stages of
mango and tomato

supply chain
e ¥,

Tool: Factor Analysis



Process/Steps for Research Objective 3:

/ Objective 3: \ Research Design ( \

To develop a Frameworkto Framework to improve
improve supply chain Supply Chain Efficiency
efficiency of fruits and Conclusive of Fruits and Vegetables

y - i Research sector
\qgetal)lt.s sector with (Qualitative)
specific reference to mango

\ and tomato J K /

Steps:

1. The most important reason/variable [Based on highest factor loading] in
each identified factor leading to supply chain inefficiency (with respect to
cost, time and quality) has been considered for identification of measures
to improve supply chain efficiency.

2. Development of protocol with the help of conceptual lens
3. In-depth semi structured interview with experts
4. Transcript, coding and analysis

Sample Size- Based on Saturation Tool: Semi Structured Interview

4.6. For Research Objective 1- To identify the most significant activities
contributing to supply chain inefficiency (with respect to cost, time and quality) in
different stages of fruits and vegetables supply chain with specific reference to

mango and tomato

4.6.1. Questionnaire Development

On the basis of activities listed with the help of activity mapping (discussed in next
chapter) and brainstorming among the experts and stakeholders, the questionnaire is
designed for each stakeholder across the stages of F&V supply chain i.e. the farmer,
local trader, local commission agent, wholesaler, and transporter. For each
questionnaire, the respondents had to response on the level of supply chain
inefficiency for each activity in three aspects i.e. with respect to cost, time, and
quality. A five point Likert scale was used for developing the questionnaire (“1” as
not significant to “5” represents highly significant) (Brown, 2010; Vagias, 2006;
Vogt, 1999). The respondents can respond to the degree of significant or non-
significant (Refer to Appendix I). The data was fed into the SPSS: Statistical

Package for the Social Sciences (version 21) for further analysis.
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4.6.2. Pilot Testing

Based on the final list of activities, the questionnaires were prepared and pretested
with total 119 stakeholders in fruits (mango) supply chain and 105 stakeholders in
vegetables (tomato) supply chain, including 32 farmers, 21 local traders, 19
wholesaler/commission agents, 22 mashakhor/local traders, and 25 transporters in
fruits (mango) supply chain, and 34 farmers, 15 local commission agents, 25
wholesaler/commission agents, and 31 transporters in vegetables (tomato) supply
chain, as suggested by Hair et al. (2010) and Bryman and Bell (2007). The same can
be seen in Table 4.1 and Table 4.2. Before beginning the field work, the
questionnaire was vividly discussed with the stakeholders, industry and scholarly
experts in the area of logistic and supply chain. Ambiguous and vague questions
were removed and more specific and relevant questions were included. Feedback
received from the above mentioned experts were of great help in nature to prepare

the questionnaire into a concise one corresponding to the desired objectives.

Table 4.1: Pilot Testing-Fruits Supply Chain

S. No. of
No. Stage Respondents Respondents
1 Stage I-Farm Stage Farmers 32
2 Stage I1-Local Trader/Middlemen Local Trader 21
Stage
3 Stage I11-Wholesale/Mandi Stage Wholesaler/Commission Agents 19
4 Stage IV—LocaIS;;aeder/Mashakhor Mashakhor/Local Trader 22
5 Stage V-Transportation Stage Transporter 25
Table 4.2: Pilot Testing-Vegetables Supply chain
No. of
S. No. Stage Respondents Respondents
1 Stage I-Farm Stage Farmers 34
2 Stage I1-Local Mandi Stage Local Commission Agent 15
3 Stage I11-Wholesale/Mandi Stage Wholesaler/Commission 25
Agents
4 Stage IV-Transportation Stage Transporter 31

4.6.3. Administration of Survey

The questionnaire was administered to the different stakeholders in F&V supply
chain, i.e. farmers (based on the primary production areas of Mango in UP &

Tomato in HP & UK), local traders (nearby major production areas),
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wholesaler/commission agents (Asia's largest F&V wholesale market), mashakhor
(Asia’s largest F&V wholesale market), and transporters (major production areas &
wholesale market). The researcher adopted a Multi-stage sampling technique to
collect the data from the respondents. Later on, based on initial contacts, the
snowball sampling technique was also used in some cases to identify further
respondents. In total, 1180 valid and complete responses were received against 1345
questionnaires distributed to the fruits (mango) supply chain stakeholders' and 860
valid responses were received against 947 questionnaires distributed to the
vegetables (tomato) supply chain stakeholders', giving a high response rate of 88%
and 91% as most of the data was collected through scheduling method wherein, the
researcher directly visited the field and interacted with the respondents. This method
of data collection is beneficial for extensive inquiries and can lead to reasonably
reliable results (Gangrade, 2006; Shah, 1972; Pauline 1968). The total number of a
questionnaire administered (individual stakeholder wise) and the response received
is shown in Table 4.3 and Table 4.4.

Table 4.3: Number of questionnaires administered and response rate-Fruits Supply Chain

Questionnaire Final Response
Stage | Respondent Administered Resppnse Rate %
Received
Stage I-Farm Stage Farmers 390 360 92.31%
Stage I1-Local Trader/Middlemen Local Trader 265 230 86.79%
Stage
. Wholesaler/ 0
Stage I11-Wholesale/Mandi Stage Commission Agents 190 180 94.74%
Stage IV-Local Trader/Mashakhor Mashakhor/Local 165 140 84.85%
Stage Trader
Stage V-Transportation Stage Transporter 335 270 80.60%
Total 1345 1180 87.73%

Table 4.4: Number of questionnaires administered and response rate-Vegetables Supply Chain

Questionnaire Final Response

Stage | Respondent Administered Féesppnse Rate %

eceived

Stage I-Farm Stage Farmers 372 340 91.40%

Stage 1-Local Mandi Stage Local ig?nT'SS'On 185 170 91.89%
Stage I11-Wholesale/Mandi Stage Wholesaﬁgecncgnmlssmn 140 130 92.86%
Stage IV-Transportation Stage Transporter 250 220 88.00%
Total 947 860 90.81%
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The detailed sample distribution of respondents from the primary production areas
are shown in Table 4.5 and Table 4.6.

Table 4.5: Detailed Sample Distribution of Respondents-Stage Wise (Fruits supply chain)

Stage | Stage Il Stage 111 Stage IV
L Commission Local
I?Sligtlec)t Place Visited Farmers Conﬁ?r?iilsion Local Agent in Trader in | Transporter
Agent Trader Azadpur Azadpur
g Mandi Mandi
Saharanpur Behat 54 - 22 34
(UP) Gangoh 15 - - 8
Amroha 42 12 15 26
Amroha Hasanpur 18 - 7 12
(UP) Joya 12 - - 7
Garh 16 - - 8
Mal 11 5 9 9
Lucknow Malihabad 62 21 32 36
(UP) Kakori 15 5 8 7
Baxi ka Talab 9 5 - 5
Unnao Farha_ltpur 58 - 48 38
(UP) Puliya
Miyaganj 21 - 15 11
Barabanki .
(UP) Banki 16 6 7 9
Hardoi
(UP) Shahabad 11 6 7 7
Azadpur
(Delhi) 180 140 53
TOTAL [ 360 | 60 | 170 180 140 270

Table 4.6: Detailed Sample Distribution of Respondents-Stage Wise (Vegetables supply chain)

District N Stage | Stage 11 S_ta_ge 1l _
(State) Place Visited Earmers Local Commission Agentin Transporter
Trader Azadpur Mandi
Basaal 24 10
Kandaghat 38 16
Salogurah 12 10
Solan Vakunaghat 9 8
(HP) Chail 14 40 10
Baniya village, 10 6
Dharampur
Dewathi 8 5
Sirmaur R_ajgarh 15 10
(HP) Sirmaur 28 31 14
Sargaun 10 6
Uttarkashi Naugaun 36 13 14
(UK) Purola 38 12
- Nainital 46 34
N%Tétal Gaula Par, 28 48 30
(UK) Haldwani
Dehradun (UK) Chakrata 24 38 15
Delhi Azadpur Mandi - - 130 20
TOTAL 340 170 130 220
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The final sample size for RO 1 is 1180 and 860. The sample size should be ten times

larger than the number of items being considered (Hair et al., 2008; Bartlett et al.,
2001; Hinkin, 1995; Schwab, 1980). Bryant and Yarnold (1995) stated that one's
sample should be at least five times the number of items. The subjects-to-item ratio
should be no lower than 5 (Garson, D, 2008; MacCallum et al., 1999; Arrindell and
van der Ende, 1985; Gorsuch, 1983; Everitt, 1975). All the cases are satisfied in this
study. The required sample size as per the subjects-to-item ratio and the sample size

used in this study are shown in Table 4.7 and Table 4.8.

Table 4.7: Required sample size (Minimum) as per the subjects-to-items ratio and Actual

Sample size in the study-Fruit Supply Chain

Required sample size
o Actual
(Minimum) as per the .
No. of . . . Sample | Appropriate
Stage . subjects-to-item ratio I .
items : Sizein Sample Size
(If, ten times larger the stud
than no. of items) y
Stage 1-Farm Stage 9 90 360 v
Stage Il-Local v
Trader/Middlemen Stage 9 90 230
Stage I11-Wholesale/Mandi 7 70 180 v
Stage
Stage IV-Local v
Trader/Mashakhor Stage ! 70 140
Stage V-Transportation Stage 3 30 270 v

Table 4.8: Required sample size (Minimum) as per the subjects-to-items ratio and Actual
Sample size in the study-Vegetables Supply Chain

Required sample size Actual
Stage No. of (Minimum) as per the Sample | Appropriate
g items subjects-to-item ratio (If, ten Sizein Sample Size
times larger than no. of items) | the study
Stage I-Farm Stage 11 110 340 v
Stage Il-Local Mandi 9 90 230 v
Stage
Stage Il1- v
Wholesale/Mandi Stage 9 0 180
Stage V-Transportation 5 20 270 v

Stage
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4.7. For Research Objective 2: To identify the factors leading to supply chain
inefficiency (with respect to cost, time and quality) in the identified activities in
different stages of fruits and vegetables supply chain with specific reference to

mango and tomato

4.7.1. Questionnaire Development

On the basis of variables extracted (Refer to Appendix II) through literature review
and suggestions by the F&V supply chain experts, stakeholders, and academicians,
the questionnaire was designed for each stakeholder across the stages of F&V
supply chain such as the farmer, local trader, local commission agent, wholesaler,
and transporter. The questionnaire was broadly divided into two sections and
confined open-ended and close-ended questions. Respondents' socio-demographic
characteristics were asked in the first section (e.g., age, education level, and
experience). The second section consisted of close-ended questions concerning the

reasons leading to supply chain inefficiency.

For each stage, the questionnaire was further divided into three sections on the basis
of reasons for supply chain inefficiency with respect to cost, time and quality. All
the questions were developed on a five-point Likert scale (“1” as strongly disagree
to “5” represents strongly agree) (Brown, 2010; Vagias, 2006; Vogt, 1999). The
respondents could answer to the degree of agreement or disagreement (Refer to

Appendix I11). The data was fed into the SPSS (version 21) for further analysis.
4.7.2. Pilot Testing

Based on the final list of variables, the questionnaire was prepared and pretested
with total 108 stakeholders in fruits (mango) supply chain and 97 stakeholders in
vegetables (tomato) supply chain. This pre-testing included 22 farmers, 14 local
traders, 17 wholesaler/commission agents, 20 mashakhor/local traders, and 35
transporters in fruits (mango) supply chain; and 21 farmers, 12 local commission
agents, 36 wholesaler/commission agents, and 28 transporters in case of vegetables
supply chain as suggested by Hair et al. (2010) and Bryman and Bell (2007). The
same can be seen in Table 4.9 and Table 4.10.
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Before beginning the field work, the questionnaire was vividly discussed with the
stakeholders, industry and scholarly experts in the area of logistic and supply chain.
Ambiguous and vague questions were removed, some of the questions were re-
ordered, repetitive questions were deleted, and more specific and relevant questions
were included. Feedback received from the above mentioned experts were of great
help in nature to prepare the questionnaire into a concise one corresponding to the

desired objectives.

Table 4.9: Pilot Testing-Fruits Supply Chain

I\?c.). Stage Respondents Res';gﬁgfents
1 | Stage I-Farm Stage Farmers 22
2 | Stage Il-Local Trader/Middlemen Stage Local Trader 14
3 | Stage llI-Wholesale/Mandi Stage Wholesaler/Commission Agents 17
4 | Stage IV-Local Trader/Mashakhor Stage Mashakhor/Local Trader 20
5 | Stage V-Transportation Stage Transporter 35
Table 4.10: Pilot Testing-Vegetables Supply chain
No. of
S. No. Stage Respondents Respondents
1 Stage I-Farm Stage Farmers 21
2 Stage I1-Local Mandi Stage Local Commission Agent 12
3 Stage I11-Wholesale/Mandi Stage Wholesaler/Commission Agents 36
4 Stage IV-Transportation Stage Transporter 28

4.7.3. Administration of Survey

The questionnaire was administered to the different stakeholders in F&V supply
chain, i.e., farmers (based on the primary production areas of Mango in UP &
Tomato in HP & UK), local traders (nearby major production areas),
wholesaler/commission agents (Asia's largest F&V wholesale market), mashakhor
(Asia’s largest F&V wholesale market), and transporters (major production areas &
wholesale market). Multi-stage sampling technique was used to collect the data from
the respondents. Later on, based on initial contacts, the snowball sampling technique
was also used in some cases to identify further respondents. In total, 912 valid and
complete responses were received against 1055 questionnaires distributed to the
fruits supply chain stakeholders' and 600 valid responses were received against 735
questionnaires distributed to the vegetables supply chain stakeholders', giving a high
response rate of 86% and 82% as most of the data was collected through scheduling
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method wherein, the researcher directly visited the field and interacted with the

respondents. This method of data collection is beneficial for extensive inquiries and

can lead to reasonably reliable results (Gangrade, 2006; Shah, 1972; Pauline 1968).

The total number of a questionnaire administered (individual stakeholder wise) and

the response received is shown in Table 4.11 and Table 4.12.

Table 4.11: Number of questionnaires administered and response rate-Fruits Supply Chain

Questionnaire Final Response
S. Stage | Respondent Administered Resppnse Rate %
No. Received
1 Stage I-Farm Stage Farmers 295 260 88.14%
Stage 11-Local 0
2 Trader/Middlemen Stage Local Trader 170 140 82.35%
3 Stage I11-Wholesale/Mandi Wr_lol_esaler/ 175 160 91.43%
Stage Commission Agents
Stage IV-Local Mashakhor/Local 0
4 Trader/Mashakhor Stage Trader 190 180 94.74%
5 Stage V-Transportation Stage Transporter 225 172 76.44%
Total 1055 912 86.44%
Table 4.12: Number of questionnaires administered and response rate-Vegetables Supply
Chain
S Questionnaire Final Response
No. Stage | Respondent Administered Resppnse Rate %
Received
1 Stage I-Farm Stage Farmers 255 200 78.43%
2 Stage I1-Local Mandi Stage Local (A:‘;r:nT'SS'O” 172 140 | 81.40%
3 | Stage Ill-Wholesale/Mandi Stage Who'esaﬁgecn‘ig‘m'ss'on 140 120 | 85.71%
4 Stage IV-Transportation Stage Transporter 168 140 83.33%
Total 735 600 81.63%

The detailed sample distribution of respondents from the primary production areas
are shown in Table 4.13 and Table 4.14.

Table 4.13: Detailed Sample Distribution of Respondents-Stage Wise (Fruits supply chain)

Stage | Stage 11 Stage 111 Stage IV
Commission Local
District Place Local Agent in .
(State) Visited Farmers | Commission Local Azadpur Trader in | Transporter
Trader ; Azadpur
Agent Mandi/Adarsh .
Mandi
Nagar
Saharanpur Behat 35 - 14 21
(UP) Gangoh 10 - - 6
Amroha 30 8 6 18
Amroha Hasanpur 15 - 5 12
(UP) Joya 10 - - 5
Garh 13 - - 5
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Mal 12 5 8 8
Kakori 10 5 5 9
Lucknow Baxi Ka
(UP) Talab 6 S ) S
Malihabad 40 15 12 20
Unnao | arnatour | g : 22 15
(UP) Puliya
Miyaganj 20 - 9 4
Barabanki .
(UP) Banki 10 6 5 3
Hardoi | o1 habad 14 5 5 5
(UP)
Azadpur
(Delhi) 160 180 36
TOTAL | 260 | 49 | 2 160 180 172

Table 4.14: Detailed Sample Distribution of Respondents-Stage Wise (Vegetables supply chain)

Stage | Stage 11 Stage 111
District N Commission Agent
(State) Place Visited Farmers Local in A_zadpur Transporter
Trader Mandi/Adarsh
Nagar
Basaal 18 10
Kandaghat 15 10
Solan Vakunaghat 10 6
(HP) Chail 12 45 9
Baniya village, 8 6
Dharampur
Sirmaur R_ajgarh 12 12
(HP) Sirmaur 16 25 11
Sargaun 8 5
Uttarkashi Naugaun 20 6
(UK) Purola 22 i 7
- Nainital 26 7
Nal;r;étal Gaula Par, 18 38 17
(UK) Haldwani
De(rl‘j%““ Chakrata 15 32 9
Delhi Azadpur Mandi - 120 25
TOTAL 200 | 140 120 140

The final sample size for research objective 2 is 912 and 600. As the general norm to
conduct factor analysis is to have five respondents for each variable (Hair et al.,
2008). Bryant and Yarnold (1995) also stated that one's sample should be at least
five times the number of variables. The subjects-to-variables ratio should be no
lower than 5 (Garson, 2008; MacCallum et al., 1999; Arrindell and van der Ende,
1985; Gorsuch, 1983; Everitt, 1975), it is satisfied in this study. The required sample
size as per the subjects-to-variables ratio and the sample size used in this study are
shown in Table 4.15 and Table 4.16.
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Table 4.15: Required sample size (Minimum) as per the subjects-to-variables ratio and Actual
Sample size in the study-Fruit Supply Chain

Required sample

Sample

. . No. of ize (Minimum . Appropriat
Stage Cost/Time/Quality Varcijagles ps)eret%e subj :cts)—tis— Size in Sgr%polg Siaz:
variables ratio the study

Cost 18 90 v
Stage I-Farm Stage Time 22 110 260 v
Quality 40 200 v
Stage 11-Local Cost 20 100 v
Trader/Middlemen Time 18 90 140 v
Stage Quality 25 125 v
Stage I11- Cost 15 75 v
Wholesale/Mandi Time 17 85 160 v
Stage Quality 26 130 v
Stage IV-Local Cost 20 100 v
Trader/Mashakhor Time 18 90 180 v
Stage Quality 30 150 v
Stage V- Cost 10 50 v
Transportation Time 11 55 172 v
Stage Quality 10 50 v

Table 4.16: Required sample size (Minimum) as per the subjects-to-variables ratio and Actual

Sample size in the study-Vegetables Supply Chain

Required sample Sample
. . No. of ize (Minimum izein | Appropri
Stage Cost/Time/Quality Varci)agles ;eret(he su bjgcts)—fcf— ° ﬂse S;)rﬁ)wpolg S?zts
variables ratio study

Cost 19 95 v
Stage I-Farm Stage Time 23 115 200 v
Quality 25 125 v
Cost 16 80 v
Slage d'i"SLt;’g:' Time 18 90 140 v
Quality 22 110 v
Stage 111- Cost 15 75 v
Wholesale/Mandi Time 18 90 120 v
Stage Quality 22 110 v
Stage IV- Cost 10 50 v
Transportation Time 12 60 140 v
Stage Quality 10 50 4
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4.8. For Research Objective 3: To develop a framework for improving supply chain
efficiency of fruits and vegetables sector with specific reference to mango and

tomato

As it was not possible for an individual researcher to cover all the issues discovered
through RO 2, the researcher tries to find out the measures only for the major
reasons/variables under each factor leading to supply chain inefficiency. The factor
loading of each variable across the stages of the F&V supply chain has been looked
out. After that, the important variable under each dimension/factor has been
classified based upon the highest factor loading (Negi and Anand, 2018 (a); Negi
and Anand, 2018 (b); Tiwari, 2012). The higher the value of factor loading, the
higher the variable has contributed to that factor (Hair et al., 2010; Field, 2009;
Malhotra, 2007; Harman, 1976). The variable with highest factor loading is the
reasons, which are highly contributing to the factors leading to supply chain
inefficiency with respect to cost, time and quality. Factor loadings are very similar
to weights, and signify the correlation’s strength between the factor and the variable
(Kline, 1994). This also provides the directions, to decide which of these reasons

requires to be given attention on an immediate basis to improve the supply chain.

Therefore, it can be inferred that the variables with highest factor loading are the
most important reasons/major reasons, which are highly contributing to the factors
leading to supply chain inefficiency and need higher consideration for improving
supply chain efficiency (Tiwari, 2012; Hair et al., 2010; Field, 2009; Malhotra,
2007; Harman, 1976).

Qualitative research has been used to find the measures and suggesting a framework
to improve supply chain efficiency of F&V sector. It is a tool that helps to collect,
analyse, and understand the raw data by perceiving participants’ reactions (Creswell,
1994). Qualitative research is used within the interpretivist philosophy, which is
designed in such a manner that it helps in understanding the diverse and complex
nature of human actions. The nature of qualitative data is in-depth inquiry, detailed
description, direct quotations tapping experiences and personal viewpoints of
respondents (Patton, 1990). It involves observations, focus group discussions, and

interviews (Cavana et al., 2008).
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In this study, the in-depth semi-structured interview was conducted to identify the
measures for these reasons. Measures for rest of the reasons are out of the purview
and one of the limitation of this study. Pre-formulated questions are inducted in the
semi-structured interviews, but no measures are adopted to strictly adhere them as
chances are likely that new questions may emerge during the conversation (Myers,

2009, p. 124). Hence, it gives liberty to the interviewee to add meaningful insights.
4.8.1. Conceptualization and Protocol Designing

Based on the highest factor loading obtained from RO 2, the only variable, which
has been found as the most critical reason for supply chain inefficiency in each
factor across the stages were used for conceptualization (Refer to Appendix IV) and
accordingly, protocols/questions were designed for each stage in F&V supply chain
to identify the measures for improving supply chain efficiency (Refer to Appendix
V). A protocol is a valid document, which comprises a questionnaire, which is used
for collecting data and includes the thumb rules, which are followed while the
protocol is in use. During the stage of data collection, construct validity was
determined with the help of manifold sources of the evidence and with the help of
protocol, reliability was ensured (Yin, 2003). These questions in a protocol were

formulated based on the input gained from the RO 2.

A pilot study was conducted with F&V supply chain experts to understand if the
interview questions are easy to be comprehended by the respondents and also to test
the rationality of the said questionnaire. The pilot study aimed to probe into the
narrowness or broadness of the questions and also tested the illustrative questions. In

a nutshell, the validity of all the proposed questions were tested in this pilot study.
4.8.2. Sampling Design

One of the most vital component of qualitative research study is the selection of
respondents to make sure the responses are voluntary in nature and people are more
than willing to provide the desired information, which is a true representation of the
targeted population (Cavana et al., 2008). On the other hand, Bryman and Bell
(2007) claimed that a representativeness should not be the primary focus in a

qualitative research, pertaining to the fact that it is making a thorough analysis
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According to Cavana et al. (2008, p. 137), usage of non-probability methods have a
positive edge of extracting quality information from the respondents at a rapid rate.
Therefore, judgement-sampling methods was adopted to elicit information from the
respondent using in-depth interviews. In this approach, the researcher is amply clear
about the information to be extracted for which the respondents are finalized; the
ones who are ready to deliver the information which they have accumulated over a
point of time by the virtue of their experience (Bernard, 2002). It is specifically used
to figure out the cases, which are rich in information and the same is processed to
make good use of the resources available at the disposal of the researcher (Patton,
2002). Choosing the respondents in qualitative research is a tricky affair, as they
need to be highly knowledgeable with a greater degree of expertise in the respective
field (Cresswell and Plano Clark, 2011). Apart from their expertise and knowledge,
Bernard (2002) and Spradley (1979) highlighted the significance of willingness of
respondents to participate, capability to communicate their real life experiences and
thoughts in a critical, expressive and insightful manner. Above all, the availability of
respondents is also a crucial factor, which cannot be discounted under any

circumstances.

For this reason, the judgmental method is selected as the best suited approach, as the
objective is to explore the measures, which need to be taken to improve supply chain
efficiency of F&V sector. Judgment sampling approach give due emphasis on data
saturation (i.e. gaining a full-fledged information until a stage where the researcher
feels that no new essential information is available) (Mile and Huberman, 1994).
Therefore, during this stage of research, the determination of sample size was based
on the issue like data saturation and absence of extra participants. The particular

sample size in different stages is shown below in Table 4.17 and Table 4.18.

Table 4.17: Sample Size based on Saturation-Fruits (Mango) Supply Chain

Stage No. of experts
Stage |-Farm Stage 07
Stage I1-Local Trader/Middlemen Stage 05
Stage I11-Wholesale/Mandi Stage 06
Stage IV-Local Trader/Mashakhor Stage 05
Stage V-Transportation Stage 07
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Table 4.18: Sample Size based on Saturation-Vegetables (Tomato) Supply Chain

Stage No. of experts
Stage I-Farm Stage 06
Stage 11-Local Mandi Stage 05
Stage I11-Wholesale/Mandi Stage 07
Stage V-Transportation Stage 07

Prior to the conduct of interview, the interviewee was given an explanation that the
data collected through interview will be fully confidential and would be used by the
researcher for academic purpose only. After data collection through a semi-
structured interview, the responses were recorded, transcribed and codes were
generated. The sample of transcribed conversation and list of codes are attached as
an appendix (Refer to Appendix VI and VII). Based on transcribed conversation and
codes, measures were taken out, as suggested by the experts. Finally, based on the

output, a framework was developed.

The findings were reviewed by an expert as suggested by Yin (2003) who resonated
with the findings of this study. In addition, the following measures were also taken
to enhance the quality of this study: Triangulation has been attempted by getting the
findings of this study vetted by the expert, and obtaining data from varied persons to
get different perspectives on the phenomenon, using interview protocol to guide the

research process to bring in the elements of reliability (Yin, 2003).
The steps followed for this objective are as follows:

1. Experts based on judgment sample consisting of:
a) F&V supply chain expert
b) Cold chain expert
c) Logistics expert
d) Horticulture Supply Chain expert
e) Agribusiness experts
f) Experts from Academia (Agricultural/Supply Chain)
Semi-structured interview with the experts
Transcribe the conversation
Coding
Measures to improve supply chain efficiency of F&V sector

S e

Framework development based on the output
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4.9. Scope of the Study

The scope of the study is limited to supply chain of F&V with specific reference to
mango and tomato, as the highest amount of losses in F&V were found in these two
categories. The supply chain from farm to wholesale mandi was selected because
maximum inefficiency has been found between these stages. For Mango, state of
Uttar Pradesh (UP) was selected as the origin point (farm), as it has the highest
production of mango in India. For Tomato, Himachal Pradesh, and Uttarakhand was
selected as the origin point (farm), as it has the high potential to serve the needs
during offseason and the livelihood of the people in these states is largely dependent
on the agriculture. For destination point/wholesale level, Azadpur Mandi was
selected. Azadpur wholesale mandi is the Asia’s largest mandi and world’s second
largest mandi, which has the highest amount of arrival among any wholesale mandi

across the country.
Concluding Remarks

This chapter concludes the discussion on research methodology adopted by the
researcher to attain the objectives. Both, exploratory and conclusive research have
been used in this study. To collect and analyse the data, the researcher has used
mixed method research combining quantitative and qualitative research. Also, this
chapter discusses the rationale for the study and scope of the study. Next chapter

discusses the data analysis and findings of the study in detail.
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5. DATA ANALYSIS AND FINDINGS

This chapter discusses the sample profile of the respondents and analysis of data
collected to attain research objectives. This chapter aims to answer the three
questions reflected through the research objectives, to identify the activities
contributing to supply chain inefficiency, factors leading to supply chain inefficiency
and the measures to improve supply chain efficiency of F&V sector. The data was
analysed using the ranking method, factor analysis and interview method to attain
these three objectives. In this chapter, the results obtained from the above-
mentioned methods are presented, and the finding with respect to each objective is

discussed in detail.

5.1. Sample Profile

The sample profile consists of farmers, local traders, wholesalers, local traders at
Mandi, and transporters who are involved in F&V business. These stakeholders
were selected with the trust that they are familiar to operational conditions of their
businesses. It is also believed that the respondents are completely aware of the
operations related to supply chain management, such as grading, packaging,

distribution, and storage.

5.1.1. Sample Profile- Research Objective 1: To identify the most significant
activities contributing to supply chain inefficiency (with respect to cost, time and
quality) in different stages of fruits and vegetables supply chain with specific
reference to mango and tomato

Total 1180 respondents in fruits (mango) supply chain and 860 respondents in the
vegetables (tomato) supply chain have been taken for the study as shown in Table
5.1 and Table 5.2. The description of the profile on the basis of age, educational

qualifications, and experience are discussed in this section.
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Table 5.1: Sample Distribution of Respondents-Stage Wise (Fruits supply chain)

Stage Respondent Total Percentage
Farm Stage Farmer 360 31%
Local Trader/Middlemen Stage Local Trader/LCA 230 19%
Wholesale/Mandi Stage Commission Agents 180 15%
Local Trader Stage at Azadpur | Local Trader (Mashakhor) 140 12%
Transportation Stage Transporter 270 23%
Grand Total 1180 100%

Table 5.2: Sample Distribution of Respondents-Stage Wise (Vegetables supply chain)

Stage Respondent Total Percentage
Farm Stage Farmer 340 40%
Local Mandi Stage Local Trader/LCA 170 20%
Wholesale/Mandi Stage Commission Agents 130 15%
Transportation Stage Transporter 220 25%
Grand Total 860 100%

5.1.1.1 Sample Distribution of Respondents on the Basis of Age
The sample distributions of respondents (across the stages of F&V supply chain) on

the basis of age are shown in Table 5.3 - Table 5.6.

Table 5.3: Sample Distribution of Respondents (across the stages of fruits supply chain) on the

Basis of Age
Stage Respondent Age Total Percentage
(Yrs)
20-35 80 22%
Farm Stage Farmer 36-50 153 43%
51-above 127 35%
Grand Total 360 100%
20-35 71 31%
Local Trader/Intermediaries Local Trader/LCA 36-50 108 47%
Stage 51-above 51 22%
Grand Total 230 100%
20-35 36 20%
. Commission Agents 36-50 63 35%
Wholesale/Mandi Stage 51-above 8l 5%
Grand Total 180 100%
Local Trader 20-35 42 30%
Local Trader Stage at 36-50 68 49%
(Mashakhor)
Azadpur 51-above 30 21%
Grand Total 140 100%
20-35 147 54%
Transportation/ Transporter 36-50 110 41%
In Transit Stage 51-above 13 5%
Grand Total 270 100%
Table 5.4: Composite Age Distribution of Respondents (across the stages of fruits supply chain)
Age (Yrs) Total Percentage
20-35 Yrs 376 32%
36-50 Yrs 502 43%
51 Yrs-above 302 25%
Grand Total 1180 100%
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Table 5.5: Sample Distribution of Respondents (across the stages of vegetables supply chain) on
the Basis of Age

Stage Respondent (/\A(grz) Total Percentage
20-35 122 36%
Farm Stage Farmer 36-50 170 50%
51-above 48 14%
Grand Total 340 100%
Local 20-35 62 36%
. Local Trader/LCA 36-50 89 52%
Trader/Intermediaries 0
Stage 51-above 19 11%
Grand Total 170 100%
20-35 24 18%
. Commission Agents 36-50 61 47%
Wholesale/Mandi Stage E1-above 45 350
Grand Total 130 100%
20-35 119 54%
Transportation/ Transporter 36-50 88 40%
In Transit Stage 51-above 13 6%
Grand Total 220 100%
Table 5.6: Composite Age Distribution of Respondents (across the stages of vegetables supply
chain)
Age (Yrs) Total Percentage
20-35 Yrs 327 38%
36-50 Yrs 408 47%
51 Yrs-above 125 15%
Grand Total 860 100%

The charts below (Figure 5.1 and Figure 5.2) show the composite frequency
distribution of the ages of all the respondents in F&V supply chain. Most of the
respondents (43%) were between the age group of 36 and 50 in case of fruits supply
chain and about to one-half of the respondents (47%) were between the ages of 36

and 50 years in vegetables supply chain.

Age of overall respondents (in Age of overall respondents (in
Yrs) Yrs)

m 20-35 . =20-35

= 36-50 38% Y- 36-50
51-above 51-above

Figure 5.1: Sample Distribution of Figure 5.2: Sample Distribution of
Overall Respondents (Fruits Supply Overall Respondents (Vegetables Supply

Chain) on the Basis of Age Chain) on the Basis of Age
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5.1.1.2. Sample Distribution of Respondents on the Basis of Educational
Quialifications

The sample distributions of respondents (across the stages of F&V supply chain) on
the basis of Educational Qualifications are shown in Table 5.7 to Table 5.10.

Table 5.7: Sample Distribution of Respondents (across the stages of fruits supply chain) on the
Basis of Educational Qualifications

Stage Respondent Level of Qualifications Total | Percentage
No Education 53 15%
Farmer Primary 145 40%
Farm Stage Secondary 97 27%
Tertiary education 65 18%
Grand Total 360 100%
No Education 20 9%
Local Local Primary 62 27%
Trader/Intermediaries | Trader/LCA Secondary 82 36%
Stage Tertiary education 66 29%
Grand Total 230 100%
No Education 5 3%
. Commission Primary 18 10%
Wholess?a:eé Mandi Agents Secondary 85 47%
g Tertiary education 72 40%
Grand Total 180 100%
No Education 7 5%
Local Trader Primary 61 44%
Local erzal:de;usrtage 3| (Mashakhor) Secondary 49 35%
Tertiary education 23 16%
Grand Total 140 100%
No Education 28 10%
. Primary 207 7%
Transportation/ Transporter 5
In Transit Stage Secondary - 27 10%
Tertiary education 8 3%
Grand Total 270 100%

Table 5.8: Composite Educational Qualifications of Respondents (across the stages of fruits

supply chain)
Level of Qualifications Total Percentage
No Education 113 9%
Primary (1-vil) 493 42%
Secondary (VIII-XII) 340 29%
Tertiary education (college/university) 234 20%
Grand Total 1180 100%

Table 5.9: Sample Distribution of Respondents (across the stages of vegetables supply chain) on
the Basis of Educational Qualifications

Stage Respondent Qul;;lei:‘/iilafc)ifons Total | Percentage
No Education 82 24%
Farmer Primary 214 63%
Farm Stage Secondary 34 10%
Tertiary education 10 3%
Grand Total 340 100%
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No Education 10 6%

Local Local Primary 31 18%
Trader/Intermediaries | Trader/LCA Secondary 83 49%
Stage Tertiary education 46 27%
Grand Total 170 100%

No Education 0 0%

. Commission Primary 17 13%

wmm;;:;g Mandi Agents Secondary 61 47%
Tertiary education 52 40%
Grand Total 130 100%

No Education 33 15%

Transportation/ Transporter Primary 146 66?
In Transit Stage $econdary . 37 17%

Tertiary education 4 2%
Grand Total 220 100%

Table 5.10: Composite Educational Qualifications of Respondents (across the stages of
vegetables supply chain)

Level of Qualifications Total Percentage
No Education 125 15%
Primary (1-vii) 408 47%
Secondary (VIII-XII) 215 25%
Tertiary education (college/university) 112 13%
Grand Total 860 100

The chart below (Figure 5.3 and Figure 5.4) shows the composite frequency
distribution of the educational qualifications of all the respondents in F&V supply
chain. Most of the respondents (42%) had primary education in case of fruits supply

chain and (47%) had primary education in case of the vegetables supply chain.

Educational Qualifications of the Educational Qualification of all
Respondents the Respondents

13% 15%

m No Education = No Education
= Primary EPrimary
Secondary Secondary

m Tertiary Education = Tertiary Education

Figure 5.3: Sample Distribution of Figure 5.4: Sample Distribution of

Overall Respondents (Fruits Supply Overall Respondents (Vegetables

Chain) on the Basis of Educational Supply Chain) on the Basis of
Qualifications Educational Qualifications
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5.1.1.3. Sample Distribution of Respondents on the Basis of Experience
The sample distributions of respondents (across the stages of F&V supply chain) on

the basis of the level of experience are shown in Table 5.11 to Table 5.14.

Table 5.11: Sample Distribution of Respondents on the Basis of Experience

Stage Respondent Experience | Total Percentage
0-5 Yrs 27 8%
5-10 Yrs 54 15%
Farm Stage Farmer 10-15 Yrs 96 27%
15-20 Yrs 108 30%
20< above 75 21%
Grand Total 360 100%
0-5Yrs 36 16%
Local Local 5-10 Yrs 54 23%
. 10-15 Yrs 72 31%
Trader/lgizg:edlarles Trader/LCA 1520 Yrs 6 20%
20< above 22 10%
Grand Total 230 100%
0-5 Yrs 8 4%
Commission 5-10 Yrs L7 9%
Wholesale/Mandi Agents 10-15 Yrs 30 17%
Stage 15-20 Yrs 53 29%
20< above 72 40%
Grand Total 180 100%
0-5 Yrs 11 8%
Local Trader >-10 Yrs 27 19%
Local Trader Stage at (Mashakhor) 10-15 Yrs 32 23%
Azadpur 15-20 Yrs 28 20%
20< above 42 30%
Grand Total 140 100%
0-5 Yrs 38 14%
5-10 Yrs 52 19%
Transportation/ Transporter 10-15 Yrs 84 31%
In Transit Stage 15-20 Yrs 66 24%
20< above 30 11%
Grand Total 270 100%
Table 5.12: Composite-Level of Experience of Respondents (across the stages of fruits SC)
Level of Experience Total Percentage
0-5 Yrs 120 10%
5-10 Yrs 204 17%
10-15 Yrs 314 27%
15-20 Yrs 301 26%
20< above 241 20%
Grand Total 1180 100%

Table 5.13: Sample Distribution of Respondents (across the stages of vegetables supply chain)
on the Basis of Experience

Stage Respondent Qulz;Ieh\‘/i?:Ia(t)ifons Total | Percentage
0-5Yrs 43 13%
5-10 Yrs 58 17%
Farm Stage Farmer 10-15 Yrs 46 14%
15-20 Yrs 110 32%
20< above 83 24%
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Grand Total 340 100%
0-5 Yrs 12 7%
Local Local 150' 1105\:;5 ig ;g?ﬁ
L - rs ()
Trader/lg:gg:edlarles Trader/LCA 1520 Yrs 5 31%
20< above 38 22%
Grand Total 170 100%
0-5 Yrs 7 5%
Wholesaler/ 5-10 Yrs 22 17%
Wholesale/Mandi Commission 10-15 Yrs 34 26%
Stage Agents 15-20 Yrs 48 37%
20< above 19 15%
Grand Total 130 100%
0-5 Yrs 22 10%
5-10 Yrs 40 18%
Transportation/ Transporter 10-15 Yrs 75 34%
In Transit Stage 15-20 Yrs 52 24%
20< above 31 14%
Grand Total 220 100%
Table 5.14: Composite Experience of Respondents (across the stages of vegetables supply chain)
Level of Experience Total Percentage

0-5Yrs 84 10%

5-10 Yrs 146 17%

10-15 Yrs 197 23%

15-20 Yrs 262 30%

20< above 171 20%

Grand Total 860 100.00%

The chart below (Figure 5.5 and Figure 5.6) shows the composite frequency
distribution of the experience of all the respondents in F&V supply chain. About to
one-half of the respondents (46%) have an experience of more than 15 years in fruits
agribusiness. In case of the vegetables supply chain, most of the respondents (30%)
have 15-20 years of experience. 20% of the respondents have experience of more

than 20 years.

Experience of all the Respondents Experience of all the
Respondents
m0-5Yrs =0-5 Yrs
m5-10 Yrs ®5-10 Yrs
10-15 Yrs 10-15 Yrs
m15-20 Yrs m15-20 Yrs
m 20< above = 20< above

Figure 5.5: Sample Distribution of
Overall Respondents (Fruits Supply
Chain) on the Basis of Experience

Figure 5.6: Sample Distribution of

Overall Respondents (Vegetables Supply

Chain) on the Basis of Experience
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5.1.2. Sample Profile- Research Objective 2: To identify the factors leading to
supply chain inefficiency (with respect to cost, time and quality) in the identified
activities in different stages of fruits and vegetables supply chain with specific
reference to mango and tomato

Total 912 respondents in fruits (mango) supply chain and 600 respondents in the
vegetables (tomato) supply chain have been taken for the study as shown in Table
5.15 and Table 5.16. The description of the profile on the basis of age, educational
qualifications, and experience are discussed in this section.

Table 5.15: Sample Distribution of Respondents-Stage Wise (Fruits supply chain)

Stage Respondent Total | Percentage
Farm Stage Farmer 260 28.51%
Local Trader/Middlemen Stage Local Trader/LCA 140 15.35%
Wholesale/Mandi Stage Commission Agents 160 17.54%
Local Trader Stage at Azadpur | Local Trader (Mashakhor) 180 19.74%
Transportation Stage Transporter 172 18.86%
Grand Total 912 100.00%

Table 5.16: Sample Distribution of Respondents-Stage Wise (Vegetables supply chain)

Stage Respondent Total Percentage
Farm Stage Farmer 200 33.33%
Local Mandi Stage Local Trader/LCA 140 23.33%
Wholesale/Mandi Stage Commission Agents 120 20.00%
Transportation Stage Transporter 140 23.33%
Grand Total 600 100%

5.1.2.1. Sample Distribution of Respondents on the Basis of Age
The sample distributions of respondents (across the stages of F&V supply chain) on
the basis of age are shown in Table 5.17 to Table 5.20.

Table 5.17: Sample Distribution of Respondents (across the stages of fruits supply chain) on the

Basis of Age
Stage Respondent Age (Yrs) Total Percentage
20-35 58 22%
Farm Stage Farmer 36-50 110 42%
51-above 92 35%
Grand Total 260 100%
Local 20-35 43 31%
; Local Trader/LCA 36-50 66 47%
Trader/Middlemen 0
Stage 51-above 31 22%
Grand Total 140 100%
Wholesaler/ 20-35 32 20%
Wholesale/Mandi Commission 36-50 56 35%
Stage Agents 51-above 72 45%
Grand Total 160 100%
Local Local Trader 20-35 54 30%
Trader/Mashakhor (Mashakhor) 36-50 86 48%
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Stage at Azadpur | 51-above 40 22%

Grand Total 180 100%

20-35 57 33%

Transportation/ Transporter 36-50 102 59%
In Transit Stage 51-above 13 8%

Grand Total 172 100%

Table 5.18: Composite Age Distribution of Respondents (across the stages of fruits supply

chain)
Age (Yrs) Total Percentage
20-35 Yrs 291 32%
36-50 Yrs 374 41%
51 Yrs-above 247 27%
Grand Total 912 100%

Table 5.19: Sample Distribution of Respondents (across the stages of vegetables supply chain)

on the Basis of Age

Stage Respondent Age (Yrs) Total Percentage

20-35 72 36%

Farm Stage Farmer 36-50 100 50%
51-above 28 14%
Grand Total 200 100%

20-35 51 36%

. Local Trader/LCA 36-50 73 52%

Local Mandi Stage 51-above 16 11%
Grand Total 140 100%

Wholesaler/ 20-35 22 18%

. L 36-50 56 47%
Wholesale/Mandi Stage Commission Agents EL-above 2 5%
Grand Total 120 100%

20-35 62 44%

Transportation/ Transporter 36-50 74 53%

In Transit Stage 51-above 4 3%
Grand Total 140 100%

Table 5.20: Composite Age Distribution of Respondents (across the stages of vegetables supply

chain)
Age (Yrs) Total Percentage
20-35 Yrs 207 34%
36-50 Yrs 303 51%
51 Yrs-above 90 15%
Grand Total 600 100%

The chart below (Figure 5.7 and Figure 5.8) shows the composite frequency

distribution of the ages of all the respondents in F&V supply chain. Most of the

respondents in case of both F&V were between the ages of 36 and 50 years (41% in

case of fruits and 51% in case of the vegetables supply chain).
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Age of overall respondents Age of overall respondents

. inYrs
(inYrs) ( )
m20-35 m20-35
m 36-50 m 36-50
51-above 51-above

Figure 5.8: Sample Distribution of Overall
Respondents (Vegetables Supply Chain) on the
Basis of Age

Figure 5.7: Sample Distribution of Overall
Respondents (Fruits Supply Chain) on the Basis
of Age

5.1.2.2. Sample Distribution of Respondents on the Basis of Educational
Quialifications
The sample distributions of respondents (across the stages of F&V supply chain) on

the basis of Educational Qualifications are shown in Table 5.21 to Table 5.24.

Table 5.21: Sample Distribution of Respondents (across the stages of fruits supply chain) on the
Basis of Educational Qualifications

Stage Respondent Qula;ﬁ:‘/iiggifons Total | Percentage

No Education 38 15%

Earmer Primary 105 40%

Farm Stage Secondary 70 271%
Tertiary education 47 18%
Grand Total 260 100%

No Education 12 9%

Local Primary 38 27%
Trader/Middlemen Local Trader/LCA Secondary 50 36%
Stage Tertiary education 40 29%
Grand Total 140 100%

No Education 5 3%

Wholesale/Mandi | Commission Agents Primary 16 103/()
Stage $econdary . 77 48%
Tertiary education 62 39%
Grand Total 160 100%

No Education 9 5%

Local Local Trader Primary 77 43%
Trader/Mashakhor (Mashakhor) Secondary 63 35%
Stage at Azadpur Tertiary education 31 17%
Grand Total 180 100%

No Education 26 15%

Transportation/ Transporter Primary 122 710%

In Transit Stage Secondary - 16 9%

Tertiary education 8 5%
Grand Total 172 100%
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Table 5.22: Composite Educational Qualifications of Respondents (across the stages of fruits

supply chain)
Level of Qualifications Total Percentage
No Education 90 10%
Primary (1-vi) 358 39%
Secondary (VIII-X11) 276 30%
Tertiary education (college/university) 188 21%
Grand Total 912 100%

Table 5.23: Sample Distribution of Respondents (across the stages of vegetables supply chain)
on the Basis of Educational Qualifications

Stage Respondent Qulazﬁl\‘/iilact)ifons Total Percentage

No Education 48 24%

Farmer Primary 126 63%

Farm Stage Secondary 20 10%

Tertiary education 6 3%
Grand Total 200 100%

No Education 8 6%

Primary 26 19%

Local Mandi Stage Local Trader/LCA Secondary 68 49%
Tertiary education 38 27%
Grand Total 140 100%

No Education 0 0%

c\i‘(’)rr‘r?r'ﬁls:;g :] Primary 16 13%

Wholesale/Mandi Stage Agents Secondary 56 47%
Tertiary education 48 40%
Grand Total 120 100%

No Education 16 11%

Transportation/ Transporter Primary 82 59%
. Secondary 34 24%

In Transit Stage - -

Tertiary education 8 6%
Grand Total 140 100%

Table 5.24: Composite Educational Qualifications of Respondents (across the stages of
vegetables supply chain)

Level of Qualifications Total Percentage
No Education 72 12%
Primary (1-vii) 250 42%
Secondary (VIII-X11) 178 30%
Tertiary education (college/university) 100 17%
Grand Total 600 100%

The chart below (Figure 5.9 and Figure 5.10) shows the composite frequency
distribution of the educational qualifications of all the respondents in F&V supply
chain. Most of the respondents had primary education, 39% in fruits and 42% in

vegetable.
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Figure 5.10: Sample Distribution of Overall
Respondents (Vegetables Supply Chain) on the
Basis of Educational Qualifications

Figure 5.9: Sample Distribution of Overall
Respondents (Fruits Supply Chain) on the Basis
of Educational Qualifications

5.1.2.3. Sample Distribution of Respondents on the Basis of Experience

The sample distributions of respondents (across the stages of F&V supply chain) on

the basis of the level of experience are shown in Table 5.25 to Table 5.28.

Table 5.25: Sample Distribution of Respondents (across the stages of fruits supply chain) on the

Basis of Experience

Stage Respondent Experience | Total | Percentage
0-5Yrs 8 3%
5-10 Yrs 24 9%
Farm Stage Farmer 10-15 Yrs 56 22%
15-20 Yrs 90 35%
20< above 82 32%
Grand Total 260 100%
0-5Yrs 18 13%
Local Local 150_ 1105\:;5 ii ;gz;o
; - rs 0
Trader/sl\t/;gjéjlemen Trader/LCA 1520 Yrs 38 27%
20< above 18 13%
Grand Total 140 100%
0-5Yrs 5 3%
Commission 5-10 Yrs 16 10%
Wholesale/Mandi Agents 10-15 Yrs 27 17%
Stage 15-20 Yrs 45 28%
20< above 67 42%
Grand Total 160 100%
0-5Yrs 14 8%
5-10 Yrs 34 19%
Local Local Trader
Trader/Mashakhor (Mashakhor) 12;3 iz gg i;gﬁg
Stage at Azadpur 50< above =9 33%
Grand Total 180 100%
0-5Yrs 18 10%
5-10 Yrs 36 21%
Transportation/ Transporter 10-15 Yrs 61 35%
In Transit Stage 15-20 Yrs 41 24%
20< above 16 9%
Grand Total 172 100%
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Table 5.26: Composite-Level of Experience of All Respondents (across the stages of fruits

supply chain)
Level of Experience Total Percentage
0-5Yrs 63 7%
5-10 Yrs 135 15%
10-15 Yrs 223 24%
15-20 Yrs 249 27%
20< above 242 27%
Grand Total 912 100%

Table 5.27: Sample Distribution of Respondents (across the stages of vegetables supply chain)
on the Basis of Experience

Stage Respondent Level of Qualifications Total Percentage
0-5 Yrs 12 6%
5-10 Yrs 28 14%
Farm Stage Farmer 10-15 Yrs 43 22%
15-20 Yrs 71 36%
20< above 46 23%
Grand Total 200 100%
0-5Yrs 4 3%
5-10 Yrs 18 13%
. Local Trader/LCA 10-15Yrs 38 27%
Local Mandi Stage 1520 Vs 16 33%
20< above 34 24%
Grand Total 140 100%
0-5 Yrs 5 4%
holesal 5-10 Yrs 20 17%
Wholesale/Mandi | omvr‘;i ;)si%s:,:rg/]ents 10-15 Yrs 33 28%
Stage 15-20 Yrs 46 38%
20< above 16 13%
Grand Total 120 100%
0-5Yrs 11 8%
5-10 Yrs 32 23%
Transportation/ Transporter 10-15 Yrs 54 39%
In Transit Stage 15-20 Yrs 37 26%
20< above 6 4%
Grand Total 140 100%

Table 5.28: Composite Experience of Respondents (across the stages of vegetables supply chain)

Level of Experience Total Percentage
0-5Yrs 32 5%
5-10 Yrs 98 16%
10-15 Yrs 168 28%
15-20 Yrs 200 34%
20< above 102 17%
Grand Total 600 100.00%

The chart below (Figure 5.11 and Figure 5.12) shows the composite frequency

distribution of the experience of all the respondents in F&V supply chain. More than

one-half of the respondents (54%) have an experience of more than 15 years in fruits

agribusiness. In case of vegetables business, most of the respondents (34%) have 15-
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20 years of experience. 17% of the respondents have experience of more than 20

years.

Level of Experience of the Level of Experience of the
Respondents Respondents

m0-5Yrs m0-5Yrs

®5-10 Yrs m5-10 Yrs
=10-15Yrs m10-15Yrs
m15-20 Yrs m15-20 Yrs

m 20< above m 20< above

Figure 5.11: Sample Distribution of Overall Figure 5.12: Sample Distribution of Overall
Respondents (Fruits Supply Chain) on the Basis Respondents (Vegetables Supply Chain) on the
of Experience Basis of Experience

5.1.3. Sample Profile- Research Objective 3: To develop a framework for
improving supply chain efficiency of fruits and vegetables sector with specific
reference to mango and tomato

The sample profile consists of the experts based on judgment sample consisting of:

a) F&YV supply chain expert

b) Cold chain expert

c) Logistics expert

d) Horticulture Supply Chain expert
e) Agribusiness experts

f) Experts from Academia (Agricultural/Supply Chain)
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5.2. Reliability Analysis

Reliability test needs to be conducted and it is essential before going for any
discussion on analysis. Reliability is the basic criterion by which a particular
measurement can be accepted in research. It indicates stability and the internal
consistency of a test, whether the same characteristic has been measured by different
questions. The different items of the instrument were administered to validate the
consistency of the results. There are various ways to test the internal consistency and
one way that is used in this study is Cronbach alpha. In reliability analysis, the
Cronbach’s alpha is an "index of reliability" related with the "variation accounted
for" by the true score of the "underlying construct”. A reliability coefficient reflects
how well the items in a set are positively correlated to one another. The construct is
the hypothetical variable, which is measured (Hatcher, 1994). The closer the value
of Cronbach alpha is to 1, the higher the internal consistency reliability (Kerlinger,
1986). Peter (1979); and Churchill and Peter (1984) outlined the criterion, that those
reliability levels that are greater than 0.5 are acceptable in social sciences. Moreover,
George and Mallery (2003) provide the following thumb rules: "o <.5-Unacceptable,
o >.5-Poor, a >.6-Questionnable, o >.7-Acceptable, a >.8-Good, and o >.9-

Excellent".

5.2.1. Reliability Analysis for Research Objective 1: To identify the most
significant activities contributing to supply chain inefficiency (with respect to cost,
time and quality) in different stages of fruits and vegetables supply chain with
specific reference to mango and tomato

The reliability has been tested for the questionnaire used across the stages. For the
entire questionnaires across the stages of the F&V supply chain, the value of
Cronbach alpha is more than 0.8 in maximum cases, which is a good measure for
that assess the consistency of entire scale (Hair et al., 2007). Hence, the data is
reliable to proceed for further analysis.

The score-representing alpha is presented in Table 5.29 and Table 5.30 for each

stakeholder across the stages of the F&V supply chain.
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Table 5.29: Reliability Statistics (Fruits Supply Chain)

Cronbach's Cronbach's Alpha N of
Stage Alpha Basgd on ltems
Standardised Items
Stage I-Farm Stage .798 .799 24
Stage I1-Local Trader/Middlemen Stage .900 .898 24
Stage I11-Wholesale/Mandi Stage .886 .886 18
Stage IV-Local Trader/Mashakhor Stage 901 .899 21
Stage V-Transportation Stage .817 .823 9
Table 5.30: Reliability Statistics (Vegetables Supply Chain)
Cronbach's Cronbach’s Alpha N of
Stage Alpha Base_d on Items
Standardised Items
Stage I-Farm Stage 847 .844 30
Stage Il-Local Mandi Stage .789 .786 24
Stage I11-Wholesale/Mandi Stage 749 137 27
Stage IV-Transportation Stage .900 .899 6

5.2.2. Reliability Analysis for Research Objective 2: To identify the factors
leading to supply chain inefficiency (with respect to cost, time and quality) in the
identified activities in different stages of fruits and vegetables supply chain with
specific reference to mango and tomato
The reliability has been tested for each section of the questionnaire with respect to
cost, time, and quality. For the entire questionnaires across the stages of the F&V
supply chain with respect to cost, time, and quality the value of Cronbach alpha is
more than 0.8 in maximum cases, which is a good measure for that assess the
consistency of entire scale (Hair et al., 2007). Hence, the data is reliable to proceed
with Factor Analysis.
The score representing alpha is presented in Table 5.31 and Table 5.32 for each
stakeholder across the stages of the F&V supply chain with respect to cost, time, and
quality.

Table 5.31: Reliability Statistics (Fruits Supply Chain)

chjr?;g ' Cronbach's
Stage Inefficiency: Cronbach's | Alpha Bas&_ed on N of
. Alpha Standardised Items
with respect ltems
to

Stage I-Farm C_ost .869 872 18
Stage Tlm_e .836 .837 22
Quality .851 .852 40
Stage I1-Local Cost .883 .882 20
Trader/Middlemen Time .890 .892 18
Stage Quality .858 .859 25
Stage I11- Cost .900 901 15
Wholesale/Mandi Time 827 .828 17
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Stage Quality .889 .891 26

Stage 1V-Local Cost 871 873 20
Trader/Mashakhor Time .888 .885 18
Stage Quality .898 .900 30

Stage V- Cost .704 .700 10
Transportation Time .809 .814 11
Stage Quality .826 .830 10

Table 5.32: Reliability Statistics (Vegetables Supply Chain

Sgﬁ;:%’ ' Cronbach's
Stage Inefficiency: Cronbach's | Alpha Basgd on N of
. Alpha Standardised Items
with respect ltems
to

Stage I-Farm C_ost 876 .902 19
Stage T|m_e .886 .893 23
Quality 874 .876 25
Stage I1-Local C.OSt 898 900 16
Mandi Stage T|m_e .866 .870 18
Quality .846 .853 22
Stage Il1- Cost .900 .905 15
Wholesale/Mandi Time 875 .883 18
Stage Quality 872 .875 22
Stage IV- Cost 737 .740 10
Transportation Time 794 .798 12
Stage Quality .785 .798 10

5.2.3. Reliability Analysis for Research Objective 3: To develop a framework for
improving supply chain efficiency of fruits and vegetables sector with specific
reference to mango and tomato

Triangulation is an approach to increase the reliability and validity of qualitative
data (Denzin and Lincoln, 2005). When the evidence is collected from manifold
sources, data triangulation is employed for addressing the potential problems of
construct validity (Yin, 2003). In order to assess the validity of construct,
triangulation method is used, which offers a combination of various sources of data
in a research study. The present research employs various sources for extracting
requisite information like, observations, documents, artifacts and interviews.
Interviews were conducted with experts in different fields such as supply chain
expert, horticulture specialist, cold chain experts, and logistics experts. For data
analysis, the interviews were transcribed and used. This approach helps in the
enhancement of construct validity by providing a different perspective of the
phenomenon. Also, the review of the process reports has been done by the key
informants as advocated by Yin (2003). With the help of data triangulation, the
research findings get its validity.
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5.3. Analysis of Survey Data
The data analysis for research objective 1, 2 and 3 has been shown separately in this

section, as different strategy has been adopted to achieve each objective.

5.3.1. Analysis- Research Objective 1: To identify the most significant activities
