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Pineapple is one of the most important crops in Malaysia and government recognizes its
potential for exploitation. To that end, increasing pineapple production through
improvement in its yield seems to be a reliable approach to achieve the Malaysia
Pineapple Industry Board’s agency yield target of 64 metric tonnes/ha in 2020. Efforts
are being focused on Johor as the largest pineapple producing state (54%) in Malaysia
which has the potential to achieve the yield target, with the government supporting
smallholder production capacity. However, despite the various governmental support,
pineapple production is hampered by the lower yield compared to the yield target. In
2020, average national pineapple yield was roughly 22.9 metric tonnes/ha. Since at a
current technology, the yield is normally associated with the level of input use, the low
pineapple yield was potentially caused by the technical inefficiency in the input use. The
production inputs are essential to pineapple farming, which is likely to result in output
variability (risk) and inefficiency. This indicates that the empirical models for measuring
technical efficiency need to consider the element of production risk associated with
inputs in pineapple production.

This research aims to shed light on the possible causes of pineapple production
fluctuation being experienced by pineapple smallholders in Johor state in recent years.
The gap between observed output and achievable output presents an opportunity for an
increment in output which offers the inspiration for this study as it is concerned with
examining the technical efficiency on pineapple production. The main objective of this
study is to determine technical efficiency and production risk of smallholder pineapple
production in Johor as two possible sources of the production variability. The specific
objectives were to estimate the technical efficiency of smallholders’ pineapple
production; to analyse production risks with respect to the inputs levels of smallholders’
pineapple production; and to determine influencing factors that affect the technical
efficiency of smallholders’ pineapple production. Data from a total of 290 randomly



selected smallholder pineapple farms in Johor by using multistage sampling procedure.
The research employed purposive sampling to select districts in Johor based on their
relative importance in pineapple production and a systematic random sampling method
to acquire random samples. The data for the study were collected from the pineapple
smallholders in Johor from June till December 2021. The study employed stochastic
frontier production function model (SFA) with flexible risk specification for parametric
approach, and data envelopment analysis (DEA) for non-parametric approach without
accounting for production risk in order to depict more holistic feature of pineapple farms
efficiency in Johor.

For the first objective, technical efficiencies results of smallholder pineapple producers
were compared between SFA and DEA techniques. Specifically, the average efficiency
score of SFA was 68.1%, implying that the farmers in the study area were technically
inefficient. On the other hand, the result of DEA technical efficiency score was 96.0%,
also, implying that the pineapple farmers were technically inefficient. For the second
objective, pineapple suckers were found to be risk reducing input while fertilisers and
hormones were risk increasing inputs. By implication, it shows that risk-averse farmers
are expected to use more suckers in the study area. The results also revealed that the
mean output was positively influenced by suckers, fertiliser, agrochemicals, labour and
hormone. For the third objective, several characteristics of farm operators such as
demographics variables (farming experience); and institutional variables (extension
contact and seminar participation); were found to have significant effects on the
technical inefficiency of pineapple production in the study area.

The study concludes that the trans-log production function was the best fit for the data
for estimation of farmers’ technical efficiency as the analysis recorded that technical
efficiency enhances the variability of pineapple production in the study area. The model
estimates showed that production risk contributes considerably to the variability of
pineapple production levels. Findings of this research show that output variability is
primarily explained by technical inefficiency and production risk. It is recommended
that relevant government agencies should ease the accessibility to extension visits, to
hold seminars and promote the sharing of knowledge by experienced farmers, which
could enlighten other farmers towards improving their production volumes.
Furthermore, policy strategies aiming at improving technical efficiency should
emphasise effective and efficient use of existing inputs among pineapple smallholders.
The outcome of technical efficiency and production risk estimation have indicated the
level of utilisation of the present technology used in the production process as well as
rooms for improvement that can be translated to better income and livelihood among the
smallholders.
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Nanas merupakan salah satu tanaman terpenting di Malaysia dan kerajaan mengiktiraf
potensinya untuk dieksploitasi. Dalam usaha untuk meningkatkan pengeluaran nanas,
peningkatan hasil pengeluarannya merupakan pendekatan yang boleh diambil untuk
mencapai sasaran hasil yang dtetapkan oleh Lembaga Perindustrian Nanas Malaysia
iaitu sebanyak 64 tan metrik/ha pada tahun 2020. Usaha sedang ditumpukan kepada
Johor sebagai negeri pengeluar nanas terbesar (54%) di Malaysia yang berpotensi
mencapai sasaran hasil, melalui pelbagai sokongan kerajaan kerajaan dalam
meningkatkan kapasiti pengeluaran pekebun kecil. Walau bagaimanapun, walaupun
diberikan pelbagai sokongan kerajaan, pengeluaran nanas dihalang oleh hasil yang lebih
rendah berbanding denga sasaran hasil. Pada tahun 2020, purata hasil nanas negara
adalah kira-kira 22.9 tan metrik/ha. Pada kadar penggunaan input semasa, hasil biasanya
dikaitkan dengan tahap penggunaan input, dan hasil nanas yang rendah berpotensi
disebabkan oleh ketidakcekapan teknikal dalam penggunaan input.

Penyelidikan ini bertujuan untuk mencari punca turun naik pengeluaran nanas yang
dialami oleh pekebun kecil nanas di negeri Johor sejak beberapa tahun kebelakangan ini.
Jurang antara pengeluaran yang diperolehi dan sasaran pengeluaran menjadi tumpuan
kajian kajian ini kerana ia berkaitan dengan mengkaji kecekapan teknikal pengeluaran
nanas. Objektif utama kajian ini adalah untuk menentukan kecekapan teknikal dan risiko
pengeluaran pengeluaran nanas pekebun kecil di Johor sebagai dua kemungkinan
sumber kebolehubahan pengeluaran. Objektif khusus adalah untuk menganggar
kecekapan teknikal pengeluaran nanas pekebun kecil; untuk menganalisis risiko
pengeluaran berkenaan dengan tahap input pengeluaran nanas pekebun kecil; dan untuk
menentukan faktor yang mempengaruhi yang kecekapan teknikal pengeluaran nanas
pekebun kecil. Data daripada sejumlah 290 pekebun kecil nanas yang dipilih secara
rawak di Johor telah dikumpul dan digunakan untuk analisa. Kajian ini menggunakan
kaedah persampelan bertujuan untuk memilih daerah di Johor berdasarkan kepentingan
relatif dalam pengeluaran nenas dan kaedah sampel rawak sistematik untuk



mendapatkan sampel rawak. Data kajian diperoleh daripada tinjauan yang dijalankan
bagi tempoh musim penanaman nanas 2019/2020. Kajian ini menggunakan model fungsi
pengeluaran sempadan stokastik (SFA) dengan spesifikasi risiko fleksibel untuk
pendekatan parametrik, dan analisis penyampulan data (DEA) untuk pendekatan bukan
parametrik tanpa mengambil kira risiko pengeluaran untuk menggambarkan ciri
kecekapan ladang nanas yang lebih holistik di Johor.

Untuk objektif pertama, hasil kecekapan teknikal pengeluar nenas pekebun kecil telah
dibandingkan antara teknik SFA dan DEA. Secara khusus, purata skor kecekapan SFA
adalah 68.1%, menunjukkan bahawa petani di kawasan kajian tidak cekap secara
teknikal. Sebaliknya, hasil skor kecekapan teknikal DEA adalah 96.0%, juga
menunjukkan bahawa petani nenas tidak cekap secara teknikal. Untuk objektif kedua,
sulur nanas telah didapati sebagai input yang mengurangkan risiko sementara baja dan
hormon adalah input yang meningkatkan risiko. Secara implikasi, ia menunjukkan
bahawa petani yang menghindari risiko disyorkan menggunakan lebih banyak sulur di
kawasan kajian untuk mengurangkan risiko pengeluaran. Hasil kajian juga mendapati
bahawa purata output dipengaruhi secara positif oleh sulur nanas, baja, agrokimia, buruh
dan hormon. Untuk objektif ketiga, beberapa ciri-ciri pengusaha ladang seperti
pembolehubah demografi (pengalaman bertani); dan pembolehubah institusi (hubungan
dengan agen pengembangan dan penyertaan seminar); didapati mempunyai kesan yang
signifikan terhadap ketidakcekapan teknikal pengeluaran nenas di kawasan kajian.

Kajian ini menyimpulkan bahawa fungsi pengeluaran trans-log adalah paling sesuai
untuk data penilaian kecekapan teknikal petani kerana analisis menunjukkan bahawa
kecekapan teknikal meningkatkan variasi pengeluaran nenas di kawasan kajian.
Anggaran model menunjukkan bahawa risiko pengeluaran memberikan sumbangan
yang signifikan kepada variasi pengeluaran nenas. Hasil kajian ini menunjukkan bahawa
kebolehubahan output terutamanya dijelaskan oleh ketidakcekapan teknikal dan risiko
pengeluaran. Agensi kerajaan yang berkaitan disyorkan memudahkan akses lawatan
pengembangan, mengadakan seminar dan mempromosikan perkongsian pengetahuan
oleh petani berpengalaman, yang boleh membantu petani lain dalam meningkatkan
jumlah pengeluaran mereka. Selain itu, dasar dan strategi untuk meningkatkan
kecekapan teknikal harus menekankan penggunaan input yang efektif dan cekap di
kalangan pekebun kecil nanas. Hasil penilaian kecekapan teknikal dan risiko
pengeluaran telah menunjukkan tahap penggunaan teknologi semasa yang digunakan
dalam proses pengeluaran serta ruang untuk peningkatan yang boleh diterjemahkan
menjadi pendapatan dan kehidupan yang lebih baik di kalangan pekebun kecil.
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CHAPTER 1

INTRODUCTION

This chapter documents a general background of the pineapple industry in Malaysia to
establish the context of this study. It is divided into sections, each of which details crucial
component of the pineapple industry that is relevant to this study. The first section
discusses the structure of the pineapple industry disaggregated under production and
consumption. Discussions of issues and challenges associated with pineapple production
are also included. These are proceeded by a statement of the research problem, the
research questions, research objectives, the significance of the study, and an overview
of the thesis structure are sequentially outlined.

1.1 Pineapple Industry in Malaysia

The agricultural industry contributes significantly to Malaysia's economic development
by generating income and reducing poverty, particularly for those living in rural regions.
Malaysia’s agriculture production sector is characterised by estate and smallholders sub-
sectors, of which the former is heavily commercialised and typically controlled by
publicly traded corporations, private businesses, and government land development
organisations. The independent smallholders sub-sector on the other hand, is less
commercialised and requires effective management by the authorities in order to ensure
that all necessary farm inputs provided for efficient utilisation to generate optimum
production. Since pineapple canning industry in Malaysia started in 1888, apart from
producing and exporting industrial commodities like oil palm and rubber, the pineapple
industry has been Malaysia's oldest agricultural sector (MPIB, 1988). The pineapple
industry experienced a significant expansion in the years prior to World War Il in 1941,
after which it transitioned into a secondary crop (MPIB, 1988).

The pineapple industry plays a vital role in the Malaysian agrifood industry. Given its
continued progress over the vyears, factored mainly by favourable production
environment and supporting government policies, Malaysia has been able to develop a
competitive advantage internationally (Mazdek et al., 2017). The Government has
created numerous initiatives and frameworks through the Malaysian Pineapple Industry
Board (MPIB) and the Ministry of Agriculture and Food Industries (MAFI) to facilitate
the growth of the pineapple industry throughout the value chain in its efforts to develop
a more productive and competitive agricultural sector, particularly from the Twelfth and
Eleventh Malaysia Plan (Economic Planning Unit, 2021; 2015). The MPIB, a statutory
body of MAFI, was established in 1957 in accordance with the Ordinan Perusahaan
Nanas 1957 (Revised 1990) and is responsible for managing and coordinating the
Malaysian pineapple industry (MPIB, 2019c).



111 Production of Pineapple

1.1.1.1 Planted Area

Beyond serving as a food source, pineapples have an important economic function in
Malaysia by providing farmers with access to a vital source of income and creating new
job opportunities (Dardak, 2017). Although pineapple farms are common throughout
Malaysia, over the years, there have been fluctuations in the area used for pineapple
cultivation, as shown in Table 1.1. To guarantee a stable supply for the fresh and canned
market, MPIB has planned and taken significant actions. In 1978, pineapple cultivations
for estates and smallholders proliferated rapidly in West Johor’s peat soil, supported by
the West Johor Development Project (MPIB, 2018).

Table 1.1 : Planted Area, Total Production and Average Pineapple Yield in
Malaysia, 1997-2020

Year Planted Area (ha) Production (mt) Yield (mt/ha)
1997 7,580 119,825 15.81
1998 8,106 92,035 11.35
1999 7,271 82,571 11.36
2000 8,533 249,135 29.20
2001 9,980 288,938 28.95
2002 10,000 310,000 31.00
2003 10,000 320,000 32.00
2004 10,300 330,000 32.04
2005 14,145 356,000 25.17
2006 15,312 299,328 19.55
2007 15,586 316,219 20.29
2008 15,809 384,673 24.33
2009 15,457 357,654 23.14
2010 14,921 331,082 22.19
2011 15,650 309,330 19.77
2012 9,827 335,488 34.14
2013 10,317 352,638 34.18
2014 14,700 412,665 28.07
2015 13,149 452,020 34.38
2016 13,734 391,714 28.52
2017 16,654 434,812 26.11
2018 14,608 382,811 26.21
2019 15,849 373,022 23.54
2020 14,071 323,421 22.99

[Source: MPIB (2020b, 20193, 2012)]

Since 2005, the industry has prioritised fresh pineapple over canning, attributable to
strategic planning by MPIB. As a result, the pineapple planted area grew progressively
until 2011. The overall area size increased by 50 per cent in 2014, reaching 14,700
hectares, though the number of pineapple plantations in Malaysia declined from 2011 to
2012. Following this, Malaysia's pineapple area grew by 21.2 per cent between 2016 and
2017. However, this growth was not maintained because there was an immediate decline



of 12.3 per cent in 2018 and a further by 11 per cent decline in 2020. As of the year 2020,
the area planted with pineapples was estimated to be 14,071 hectares.

There are some probable reasons behind this decline in the area planted. One reason is
that smallholders typically cultivate pineapple as an intercrop with oil palm or rubber in
plantation systems (Othman et al., 2011). Such as system could hinder constant
cultivation, especially because these smallholder farmers sometimes favour the
cultivation and management of oil palm and rubber versus pineapple, consequently
causing a significant variation in the total planted area between 1990 to 2008 (Othman
et al.,, 2011). The rise in the area from 2018 to 2019 relates to a number of states,
including Sarawak, Pahang, and Selangor, which invested in the conversion of vacant
land for pineapple croppings. This expansion in the pineapple area was aided by
enhanced participation from the estate sector, which in turn was influenced by the local
market's approval of the MD2 pineapple variety and high export demand for Malaysian
fresh pineapple. Unfortunately, due to a competitive use of commodity crops such as oil
palm, rubber, cocoa, pepper, and tobacco, the pineapple planted area decreased in 2020.
Additionally, pineapple crops grown in conjunction with other crops have not been
retained for the following cycle of cultivation (MPIB, 2020).

According to Table 1.2, Johor has the largest planting areas for pineapple (7,610.22
hectares), accounting for 54 per cent of all pineapple land areas in the nation (14,070.85
hectares) in 2020. The pineapple land allotted to other states and their proportions of the
total areas is Sarawak (18 per cent), Sabah (7.5 per cent), Kedah (4.6 per cent), Pahang
(4.5 per cent), Selangor (4 per cent), Perak (2 per cent), Pulau Pinang (1.7 per cent),
Kelantan (1.6 per cent), Terengganu (1.0 per cent), Negeri Sembilan (0.52 per cent),
Melaka (0.3 per cent) and Perlis (0.04 per cent).

Table 1.2 : Distribution of Pineapple Land Areas in Hectares in Malaysia, 2020

State Planted area (ha) % of Total cultivated areas
Johor 7,610.22 54.09
Sarawak 2,521.51 17.92
Sabah 1,055.30 7.50
Kedah 650.49 4.62
Pahang 632.75 4.50
Selangor 597.12 4.24
Perak 272.64 1.94
Pulau Pinang 235.84 1.68
Kelantan 225.20 1.60
Terengganu 144.30 1.03
Negeri Sembilan 72.30 0.51
Melaka 47.27 0.34
Perlis 5.91 0.04
Total 14,070.85 100

[Source: MPIB (2022h)]



Figure 1.1 depicts the country's fluctuating trend in the area under cultivation. Both the
planted area and the output volume are negatively impacted by this shifting pattern.
Although the nation’s pineapple production was relatively stagnant from 2006 to 2011,
it started to expand again in 2012 and continued to do so until 2018. Larger variability
in pineapple yields have contributed in the fluctuations that have occurred in pineapple
output over time (1999, 2006, 2011, and 2016). Recent data indicates that pineapple
production continued to decline by 12 per cent in 2020 compared to production levels in
2019.
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Figure 1.1 : Production (tons) and Area Planted (ha) in Malaysia, 1997-2020
[Source: MPIB (2012, 2019a, 2020b)]

1.1.1.2 Cultivars of Pineapple

In the late 1970s and 1980s, Masmerah variety was widely cultivated for canning (Chan,
2000). Later, this variety was obsolete as Gandul has become the main canning pineapple
variety. This variety is from Singapore-Spanish group and has a good adaptability on
peat soil and show good yields. The uniqueness of this variety for canned product is to
its golden flesh colour attribute (Chan, 2000). This variety has been widely grown among
estates and smallholders (MPIB, 2005, 1999). In 1996, Malaysian Agricultural Research
and Development Institute (MARDI), the responsible authority for agricultural research
and development, successfully created a new variety for the fresh market known as
Josaphine, a blend of Johor Pineapple and Sarawak Pineapple, in recognition of the
significance of pineapple to the nation (Zainol et al., 2018). The variety has successfully
increased fresh pineapple exports to well-established markets like Singapore and has
broadened the market reach of Middle Eastern nations. Because of its popularity, private
industrial involvement in its cultivation has increased, as seen by the growth trend
between 1990 and 2008 (Jaji et al., 2018). In 2008, MPIB successfully imported the
premium MD?2 variety suckers from the Philippines, which has dominated 70 per cent of

4



the global pineapple market, with the assistance of the Ministry of Agriculture and the
Johor Tropical Product Company (JTP) (MPIB, 2018). Since then, this variety has
gained popularity in Malaysia, and as a result, community participation in the pineapple
farming sector has expanded as a result of the industry's high revenue creation.

In general, several cultivars were launched in Malaysia to promote the market, including
Nanas Johor, Masmerah, Gandul, Josapine, N36 and MD2 (MPIB, 2018). As indicated
in Table 1.3, producers in Malaysia have planted and grown fourteen varieties of
pineapple on a commercial basis, either on a small or large scale. These varieties are
officially registered by the Department of Agriculture (DoA). The Plant Variety
Department's suggested variety is AC9 (MD2) (DOA, 2021a). However, the five
varieties which are popularly and commercially cultivated are AC1 (Moris), AC3
(Gandul), AC5 (Josapine), AC8 (N36) and AC9 (MD2).

Table 1.3 : Variety of Pineapples Registered by the DoA in Malaysia

No. Variety Registration No. Variety Year Registered
1 AC1 Moris 2013
2 AC2 Sarawak 2013
3 AC3 Gandul 2013
4 AC4 Maspine 2013
5 AC5 Josapine 2013
6 AC6 Yankee 2013
7 AC7 Moris Gajah 2013
8 AC8 N36 2013
9 AC9 MD2 2013
10 AC10 View of Sunset 2017
11 AC11 Madu Kaca 2018
12 AC12 Keningau Diamond 2019
13 AC13 Cobek 2021
14 AC14 Crystal Honey 2022

[Source: DoA (2022; 2021b)]

1.1.13 Price of Pineapple

The main varieties on the market are Josapine, Moris, and MD2. Referring to Table 1.4,
the farm price of Moris has been increasing since 2011 up until 2020. The average farm
price of Moris is RM1.30/kg. The variety with the highest farm price is MD2 due to its
high market demand. From 2011-2020, the farm price for MD2 has averaged
RM2.98/kg, though it generally trends downward. The retail price, on the other hand,
fluctuated between RM 3.40 and RM 3.90/kg, except in 2012, where MD?2 is retailed at
its highest of RM 7.00/kg. The retail price of the Moris variety has followed a relatively
consistent increasing pattern throughout the years.



Table 1.4 : Farm Price and Retail Price of Main Pineapple Varieties, RM, 2011-
2020

Year Farm Price Retail Price

Josapine Moris MD2 Josapine Moris MD2

(RM/pcs) (RM/pcs) (RM/kg) (RM/pcs) (RM/pcs) (RM/Kg)
2011 1.60 1.05 3.40 3.30 2.40 4.50
2012 1.90 1.20 3.50 3.60 2.00 4.50
2013 1.80 1.00 2.90 3.80 2.20 4.30
2014 1.85 1.00 2.80 3.90 2.50 4.20
2015 1.80 1.10 2.80 4.00 2.50 4.20
2016 1.73 1.30 2.75 2.90 1.90 3.85
2017 1.73 1.30 2.96 2.90 2.00 4.00
2018 1.73 1.50 2.96 2.90 2.17 4.00
2019 1.80 1.50 2.96 3.00 3.00 6.00
2020 1.80 1.50 2.96 3.50 3.00 6.00
2021 1.80 1.50 2.40 3.50 3.00 7.00

[Source: MPIB (2023; 2016)]

1114 Yield of Pineapple

There has been a varying pattern in pineapple yield from 2000 to 2020 due to several
factors, as demonstrated in

Figure 1.2. These include policies established by the government mandate through
Malaysia Plans. Specifically, the Eighth Malaysia Plan (8"-MP), which ran from 2001
to 2005, followed by the Ninth Malaysia Plan (9""-MP) from 2006 to 2010, the Tenth
Malaysia Plan (10""-MP) from 2011 to 2015, and the Eleventh Malaysia Plan (11"-MP)
from 2016 to 2020, each of which included a different crop as its primary focus (EPU,
2015; 2011; 2006; 2001).
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Figure 1.2 : Yield of Pineapple, 1997-2020
[Source: MPIB (2020b; 2019a; 2012)]

Pineapple cultivation has been selected as one of the eight locally grown fruits that are
encouraged in the Third National Agricultural Policy Plan (DPN3), guided by the MAFI,
which was effectively formulated from the Eighth Malaysia Plan period (2001 to 2005)
(EPU, 2001; MAFI, 2010). Based on its commercial potential and value, the pineapple
commaodity was chosen to be developed in order to become a thriving industry at a more
competitive, robust, and viable level in the domestic market as well as over a five-years
period (2005 to 2010) in accordance with DPN3 goals (Hamid, 2010). From 2004 to
2010, smallholders' land area increased as a result of MAFI's strategic planning in the 8"
MP, which was to increase the size of the pineapple area along with infrastructure,
promoting the involvement of growers/entrepreneurs, and enhance more effective
planting methods and product diversification. New regions are being established,
productivity is increasing, and the issue of fruit shortages in factories is being addressed
in the MPIB's long-term strategy (MPIB, 2016¢). The Eleventh Malaysia Plan (11" MP)
invested RM 104.25 million in the pineapple industry (EPU, 2015). The national budget
has recently been increased to RM 137 million under the Twelfth Malaysia Plan (12t
MP) (Hasan, 2022). With such funding, MPIB has been encouraging pineapple
cultivation among farmers in an attempt to improve the income of pineapple
smallholders.

1.1.2 Consumption of Pineapple

Pineapple is a popular indigenous fruit in Malaysia. Due to the relatively short
production cycle which is 13 to 15 months, and depending on the pineapple variety
planted, this crop is attainable and available year-round (Shamimi et al., 2017). The
MAFI classifies pineapple as the principal fruit category and a High-Value Commaodity



(HVC) since it has a lot of potentials to generate revenue for farmers and the nation
(MAFI, 2021b).

Pineapples can be consumed in various forms such as fresh, canned, juiced or cooked.
Young pineapple fruits are frequently used in religious ceremonies by the Chinese,
especially during the festive season. Pineapple is commercially processed in Malaysia
to produce canned pineapple and pineapple juice products. Additionally, pineapple can
be used to create various foods with additional values, such as jam and pickles. The
staples of the Malaysian pineapple industry include fresh pineapple items, canned
pineapple, and pineapple juice (MPIB, 2020b).

1121 Domestic Consumption

Fruit supply and demand are impacted by consumption trends in Malaysia (Dardak,
2017). Along with the quantity issue, pineapple consumption has advanced from
speciality to mainstream. Because the domestic market is less competitive than the entry
of pineapple from abroad, the local pineapple market has a favourable market space.
This makes it possible for the local pineapple industry to seize control of the domestic
pineapple market (DoA, 2001).

Uses of pineapple are increasing on a per capita basis due to factors including population
growth and customer preferences (Abd-Halim, 2016) for natural-ingredients-based food
items. For instance, as indicated in Table 1.5, the annual per capita consumption
increased by two per cent, to 12.4 kg, between 2019 and 2018. According to Dardak
(2017), the pineapple was Malaysia's second most popular fruit after bananas, and
Malaysians consumed 10 kg of pineapple yearly.

Despite this, the consumption pattern per capita declined from 2015 to 2018 and then
again in 2020. There has been a 27 per cent decrease in pineapple consumption per capita
between 2015 (14.2) and 2018 (10.4). Although pineapple consumption per capita in
Malaysia decreased, this trend was anticipated to be countered by the country's
expanding population. Additionally, dietary patterns and income level changes are
attributed to the decline in per-capita pineapple consumption (MPIB, 2020b). Today's
health-conscious consumers are more focused on including fruits in their diets. The
primary elements that influenced customer preferences for buying fruits were changes
in lifestyle, income, and eating habits (Chen & Antonelli, 2020).

1.1.2.2 Export Demand

As indicated in Table 1.5, Malaysia's export trend generally encountered significant
setbacks in her exports of pineapple from 2010 onwards. The decline in canned pineapple
production by pineapple factories, which resulted from declining pineapple supply, is a
major contributor to export volatility (Lin & Rahman, 2010). Another factor is the
period's supply instability. This could be attributed to declining productivity among
small-scale farmers, changing customer preferences, an emphasis on planting major



commodities (such as oil palm and rubber), a reduction in pineapple farming, and
macroeconomic instability. The declining trend in pineapple export is most notable from
2017 to 2020.

Table 1.5 : Consumption Per Capita, Domestic Consumption, Processed and
Export Demand for Pineapple, 2010-2020

Year Consumption per Domestic Processed Export Total
capita

kalyr mt % mt % mt % mt
2010 84 256,657 78 52,520 16 21,904 6 331,081
2011 10.71 235,054 76 56,117 18 18,160 6 309,331
2012 10.74 271,722 81 45,129 13 18,637 6 335,488
2013 11.84 298,296 85 36,762 10 17,580 5 352,638
2014 1375 258,127 84 30,954 9 23,584 7 312,665
2015 142 403,569 89 28,171 6 20,279 5 452,019
2016 12.4 340,751 87 20,049 5 30,914 8 391,714
2017 12.1 423,260 91 17,399 4 21,116 5 461,775
2018 10.4 342,072 89 21,164 6 19,575 5 382,811
2019 124 340,003 91 15467 44 17,852 5 373,022
2020 7.2 290,185 90 17,274 5 15,961 5 323,420

[Source: Department of Statistics Malaysia (2021); MPIB (2021b)]

As specified in Table 1.5, consumption per capita and domestic consumption exhibit
inconsistent pattern. For example, in 2015, consumption per capita increased while
domestic consumption decreased. This discrepancy could be due to various factors,
including changes in population growth or shifts in demographic patterns. According to
the United Nations, population growth rates can have a significant impact on
consumption patterns, as higher population growth rates can lead to increased demand
for goods and services (United Nations, 2019). The population of Malaysia has been
growing steadily over the past few decades. According to data from the World Bank, the
population of Malaysia increased from around 16.6 million in 1980 to approximately
32.9 million in 2020 (World Bank, 2021). This growth in population could be
contributing to the divergent patterns observed in consumption per capita and domestic
consumption in Table 1.5. This is supported by research conducted in Malaysia, which
has found that population growth has been a key driver of increased demand for various
agricultural products, including pineapple (Mohamed et al., 2018).

In particular, the urbanization of Malaysia has been a key factor in driving population
growth and increasing demand for food products. The World Bank reports that
Malaysia's urban population increased from approximately 10 million in 1990 to over 24
million in 2020, representing a significant shift in demographic patterns (World Bank,
2021). This urbanization has been accompanied by changes in lifestyle and eating habits,
which could be contributing to the fluctuating patterns observed in pineapple
consumption in Table 1.5.

Another possible factor to consider is changes in consumer preferences or behaviors.
Research has shown that consumer preferences can fluctuate over time, leading to
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changes in the demand for specific goods and services (Ferrier et al., 2017). For example,
if consumers become more health-conscious and seek out healthier snack options, this
could lead to a decrease in pineapple consumption if it is perceived as less healthy
compared to other fruits.

Additionally, the role of exports in driving overall pineapple demand cannot be
overlooked. The stability of exports despite fluctuations in domestic consumption
suggests that global demand and supply chains could be influencing overall trends in
pineapple consumption. This is supported by research indicating that changes in global
market conditions, such as shifts in demand or changes in trade agreements, can impact
the agricultural industry and affect consumer choices (Barrett, 2019). Various factors
could be contributing to the contradictory patterns observed in consumption per capita
and domestic consumption in Table 1.5, including changes in population growth,
consumer preferences, and global demand. Besides, the urbanization of Malaysia has
been a key factor in driving population growth and increasing demand for food products,
which could be influencing consumption patterns.

Considering that the export value of pineapple is expected to increase progressively, the
Malaysian government has recognised pineapple as a new source of wealth for the nation
in Malaysia's Budget Planning 2018 due to its potential (Othman, 2017). This came as
Singapore accounted for 62.5 per cent of pineapple export in 2018 (MPIB, 2020b).
Additionally, Malaysia has an excellent potential to surpass other countries as the world's
top producers of fresh pineapples with a focus on exporting pineapple to the Middle East
and China (BERNAMA, 2019). According to a report by the MPIB (2021b), Singapore
(63.9 per cent), Egypt (13.8 per cent), the United Arab Emirates (8.2 per cent), China
(6.9 per cent), Japan (3.9 per cent), and Saudi Arabia (0.8 per cent) are Malaysia's top
export of pineapple destinations.

1.13 Producers of Pineapple

Most pineapple-producing nations rely mostly on smallholders and estates for pineapple
production. The following section elaborates on the pineapple production system that is
common among the estate and smallholder producers in Malaysia.

1.1.3.1 Estates

The Johore Pineapple Committee, which was founded to safeguard the pineapple
industry, launched pineapple farming as estate in 1947 (MPIB, 2018). At the time,
however, estate establishment was only permitted for businesses with canning factories
and required at least 1,500 acres of planted pineapple estate. Since 2000, the focus on
the pineapple industry has increasingly shifted from canning to fresh pineapple (Chan,
2000). Based on the survey report conducted by MPIB in 2015 (MPIB, 2015), Syarikat
Peninsular Plantation Sdn Bhd was the only pineapple plantation estate with a canned
processing facility. As of 2014, companies running as Private Limited Company
(Syarikat Sdn Bhd) recorded the largest planting area with 5,514.10 hectares involving
39 company operators (MPIB, 2015). Employing the definition by MPIB, estates
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covering more than 40.47 hectares (100 acres) of pineapple cultivation or when
pineapple cultivation is permitted and under valid ownership. The trend of hectarage by
the estates was relatively stagnant from 2000 to 2011, while the yield reported by the
estates showed a declining pattern between 2000 and 2011, which has since rebounded
(Table 1.6).

Table 1.6 : Planted Area, Production, and Yield by Estates, 2000-2015

Year Planted Area (ha) Production (mt) Yield (mt/ha)
2000 2,023 60,990 30.15
2001 2,023 57,310 28.33
2002 2,023 61,725 30.51
2003 2,023 64,254 31.76
2004 2,023 60,529 29.92
2005 2,428 66,191 27.26
2006 2,428 70,948 29.22
2007 2,428 57,498 23.68
2008 2,428 57,216 23.57
2009 2,428 55,794 22.98
2010 2,428 48,257 19.88
2011 2,752 52,052 18.91
2012 6,000 213,102 35.52
2013 3,506 202,998 57.90
2014 4,852 269,024 55.45
2015 10,064 278,699 27.69

[Source: MPIB (2015)]

1.1.3.2 Smallholders

According to the MPIB's definition (MPIB, 2021b), smallholders are those who cultivate
pineapple on an area of less than 40.47 hectares (100 acres) where such cultivation is
lawful and subject to legal ownership. A substantial amount of pineapple planted area
was contributed by smallholder farmers where they control over 47 per cent of the
country's pineapple production area (Salim, 2015). As of 2015, smallholders cultivated
and managed approximately 4,636 hectares. Therefore, smallholders play a crucial role
in the pineapple supply chain.

From 2000 to 2015, smallholder production in Malaysia was shaped like a bell curve
(Table 1.7). Since 2009, the size of the pineapple planted area has decreased, mainly
among smallholder farmers, who have reduced their planting acreage. One of the factors
contributing to the reduction in planted land in this region is the switch of pineapple
producers to the cultivation of oil palm (Jaji et al., 2018). Ageing and a shortage of new
workers to replace ageing farmers are also among the causes of the decline in the number
of pineapple farms. According to the MPIB's annual survey (MPIB, 2015), the middle-
aged group between the ages of 41 and 60, accounting for 57.2 per cent of all
smallholders in the pineapple business in 2014, followed by those 61 and older, who
made up 25 per cent of all smallholders. The smallholders’ pineapple planted area,
production and yield trend from 2000 to 2015 is displayed in Table 1.7.
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Table 1.7 : Planted Area, Production, and Yield by Smallholders, 2000-2015

Year Planted Area (ha) Production (mt) Yield (mt/ha)
2000 5,248 188,145 36.00
2001 6,510 231,628 36.00
2002 7,957 248,275 31.00
2003 7,977 255,746 32.00
2004 7,977 269,471 34.00
2005 7,872 273,809 34.78
2006 8,214 228,380 27.80
2007 9,253 258,721 27.96
2008 9,650 327,457 33.93
2009 9,953 301,860 30.33
2010 9,572 282,824 29.55
2011 8,726 257,279 29.48
2012 6,045 122,386 20.25
2013 6,320 149,640 23.68
2014 5,464 143,641 26.29
2015 4,636 173,320 37.39

[Source: MPIB (2015)]

The average pineapple yield by Malaysia's smallholder sector increased from 2012 to
2015, going from 20.25 mt/ha to 37.39 mt/ha. Nonetheless, the yield recorded a
fluctuating trend. One possible cause of the fluctuating trend could be linked to the
smallholder farmers changing their preference for planting more lucrative crops like oil
palm on the peat soil that had previously been home to pineapples (Jaji et al., 2018). Qil
palm planting is low risk, easily managed, and provides a significant return due to
favourable demand by the international market. Over the years, the productivity of the
smallholders has been unsteady, and thus, affecting their income. One of the main causes
of this unsteady productivity is ineffective farm management which results in inefficient
production by the smallholder sector (MPIB, 2019b).

According to Al-hassan (2008), improved technical efficiency would enable farmers to
employ farm resources more effectively and give the course the necessary adjustment
over time to achieve the production of sustainable crops like pineapples. If there was a
lack of efficiency, agricultural output could not be raised without using more farm inputs.
Therefore, efficiency measurement is a crucial tool for calculating the potential
advantages of adopting better farm practises in agricultural production at a given level
of inputs (Laha & Kuri, 2011; Armagan, 2008; Rahman, 2003; Tauer, 2001).

1.1.4 Pineapple Industry in Johor

With a planted area of 7,6210.2 hectares in 2020, Johor is regarded as the centre of the
pineapple industry in Malaysia (Table 1.8). Pineapple cultivation in Johor is favoured by
its abundant peat fields, and Joseph et al. (1974) noted that pineapple growing on peat
soil had historically been practised in Malaysia. Bartholomew et al. (2003) emphasised
that pineapple has a good adaptation to peat soils. Due to pineapple's adaptability to peat,
peat has historically been considered ideal for pineapple production, and this is also the
case today. This supports Selamat's (1997) findings that pineapple grown on peat soils

12



has minimal disease issues, particularly those related to the nematodes because the soil
has a low pH.

Table 1.8 : Planted Area, Production, and Yield of Pineapple, Johor, 2008-2020

Year Planted Area (ha) Production (mt) Yield (mt/ha)
2008 9,268.0 275,154.0 29.7
2009 9,528.0 223,120.0 234
2010 8,806.0 197,825.0 225
2011 8,692.0 187,025.0 215
2012 9,093.0 202,183.0 22.2
2013 5,515.7 267,913.1 48.6
2014 5,790.3 231,613.2 40.0
2015 10,064.0 329,954.2 328
2016 8,934.5 273,949.5 30.7
2017 8,729.7 294,265.1 33.7
2018 9,727.5 276,242.3 28.4
2019 8,554.1 252,478.7 29.5
2020 7,610.2 212,129.6 27.9

[Source: DoA (2017); MPIB (2021b, 2016a, 2012)]

Knowing that pineapple is a significant fruit crop for Malaysia and particularly Johor,
commercial pineapple farming has been practised extensively, and the amount of land
planted has shown promise over time. The average production of pineapples in the state
of Johor increased from 275,154 metric tonnes in 2008 to 276,242 metric tonnes in 2018.
The amount of land that was cultivated did not increase much during this time. However,
the state’s productivity recorded 48.57 mt/ha and 40 mt/ha in 2013 and 2014,
respectively. This, in spite of the fluctuating trend in productivity, demonstrated the
state’s capability of producing the targeted yield of 45 mt/ha set forth in MPIB's strategic
planning (MPIB, 2016c).

1.2 Issues and Challenges in Pineapple Production

Despite the pineapple industry's significant growth and development, a number of
concerns have been identified that could affect its progress. A significant portion of the
smallholder pineapple industry has experienced production challenges. The production
of pineapples is plagued by yield fluctuations that may result from input inefficiency
problems, differences in farmers' socio-economic backgrounds, and production risks
related to inputs.

In 2020, the governing agency predicted that it would be able to produce 707,960 mt of
pineapple, as stated in the MPIB Strategic Planning in 20212025 report (MPIB, 2019c).
However, the production of pineapple fell 54 per cent short of the projected target in
2020, totalling only 323,421 mt (Table 1.9). The MPIB stated that the production target
for pineapple appears to have not even been met in Malaysia.
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Table 1.9 : MPIB Production Target Versus Production Achieved, 2018-2023

Year 2018 2019 2020 2021 2022 2023
Production Target 526 139 707 821 952 1105
(‘000 mt)
Production Achieved 382 373 323 n/a n/a n/a
(‘000 mt)

[Source: MPIB (2019c).] Note: n/a= not available

According to the MPIB Annual Report for 2020, Malaysia has a productivity rate of
22.99 mt/ha. The output of Malaysian pineapple is also found to be inferior to that of
other ASEAN nations that produce pineapple. The Food and Agriculture Organisation
(FAO)(2020) reported that the productivity of pineapple production in the Philippines
and Indonesia are higher at 40.42 mt/ha and 127.29 mt/ha, respectively, and this is
supported by Mohamad et al. (2022). Despite the 2020 MPIB Annual Report clearly
stating that Malaysia's target for pineapple productivity is to attain 45 to 64 metric
tons/ha, Malaysia's productivity figures were below the national target. This has limited
Malaysia's ability to become a significant pineapple exporter (MPIB, 2019a). The
previous Director General of MPIB, Mr Sahdan Salim, further underlined that the output
of smallholders faces difficulties due to low productivity and inadequate returns on
investment during the Pineapple Industry Seminar in 2015. He stressed the smallholders’
low production and how most pineapple smallholders met subpar application inputs
(Salim, 2015). The technical inefficiency can serve as a reflection of the most likely
reason the target was not met. Therefore, Malaysian pineapple's low productivity
suggests that pineapple production is inefficient.

Furthermore, the proposition is supported by the fluctuations in production over the
years, where Malaysian pineapple production declined between 2009 and 2012 and
between 2016 and 2019 onwards. As mentioned earlier on, the director general’s
emphasis on the smallholders' improper application of inputs and that 44 per cent of
pineapple smallholders did not use the recommended agricultural methods (Salim,
2015). Efficiency and productivity are indeed closely related. Given the significance of
the connection, it is important to investigate the efficiency of the pineapple growers in
Johor, considering that it has the largest area dedicated to pineapple cultivation and is
home to the vast majority of pineapple producers. Looking into the pineapple production
trend in Johor by comparing the production from 2018, there has been an almost 100,000
mt decline in 2020. However, as supported by Suhaimi and Fatah (2019), the majority
of these farmers are unable to achieve their desired level of productivity and,
consequently, profitability.

Threats to pineapple production in Malaysia include weeds, pests, and diseases,
improper input application, a lack of labour and seed supplies, and labour-intensive
management approaches (Tahiruddin, 2019; Suhaimi & Fatah, 2019; Idris et al., 2013).
This was further corroborated by Heng's (2019) findings that, in order to grow pineapples
productively, inputs should be managed effectively. This includes using the right
fertiliser, eliminating weeds, and using the right planting materials.
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Numerous studies have stressed the importance of ensuring that farms are run effectively
and cautiously in order to achieve the desired output and subsequently contribute to the
export market (Rahim & Othman, 2019; Idris et al., 2013). The shortage of labour and
manpower presents a challenge for the farmers' pineapple cultivation, according to
International Tropical Fruits Network (TFNET) (2019). The smallholders have relied on
the family members as possible and available labour in order to address the problems
with acquiring labour for cultivation operations. Idris et al. (2013) provided evidence to
support the claim that smallholder pineapple growers of pineapples relied on family
labour, particularly for harvesting activities, with villagers and children also involved in
assisting the farmers. This is done to prevent damages associated with harvest delays on
agricultural products. Family labour was discovered to be crucial in other developing
nations, particularly during the peak of the crop season (Balogun et al., 2018; Idris et al.,
2013).

Aside from labour shortage, ITFN (2019) advised that research be conducted with an
emphasis on determining the right fertiliser dosage, correct planting density, and
optimum amount of watering. Each smallholder's goal is to produce fruits of high quality
that meet consumer demands and adhere to specifications. Another emphasis also
includes making optimal use of the land and inputs. With respect to fertiliser application,
studies conducted in developing nations, such as Ghana, Nigeria, and Columbia, found
that fertiliser substantially impacted the productivity of pineapples (Ofori-Appiah et al.,
2022; Balogun et al., 2018; Adegbite & Adeoye, 2015; Trujillo & Iglesias, 2013). An
appropriate amount of fertiliser input is necessary for the efficient production of
pineapples. Unfortunately, a labour shortage may suggest an unbalanced distribution of
fertiliser input on each tree (Abbas et al., 2021; Abbas, 2019; Lin & Rahman, 2010).
More than 90 per cent of pineapple growers in Johor used less fertiliser than was required
(Lin & Rahman, 2010). According to the researchers, although 3.7 mt/ha of fertiliser was
the expected rate of application, the farmers actually applied less. This shows that less
fertiliser was used on the crops than was recommended, which was also supported by
the study conducted by Rahim and Othman (2019) and Moise et al. (2022).

The planting density of pineapple cultivations, i.e. the number of plants per unit area, as
indicated by planting materials or suckers, also had an impact on pineapple production.
This was supported by the efficiency studies on pineapple by Ofori-Appiah et al. (2022),
Balogun et al. (2018), Adegbite and Adeoye (2015), and Trujillo and Iglesias (2013).
TFNet (2019) also noted that one of the issues encountered by smallholder farmers is
their inability to obtain sufficient high-quality suckers for planting, which has a negative
impact on their ability to meet the ideal planting conditions for pineapples. Farmers
occasionally did not adhere to the variety-based suggested planting distance, which led
to lower plant densities than expected on most fields. According to research by Lin and
Rahman (2010), 66 per cent of growers did not apply fungicide onto planting materials
as recommended by MPIB; others using a variety of techniques for treating planting
materials.

In terms of hormonal input application, there are instances where farmers do not apply
hormones according to the correct planting schedule, thereby disrupting the farm's
harvesting schedule (Hartinee et al., 2021; Lin & Rahman, 2010). A group of researchers
discovered that farmers frequently fail to use appropriate hormonal blends for pineapple
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cultivation (Hosnan, 2022; Abbas et al., 2021; Lin & Rahman, 2010). There have been
instances where farmers did not follow the recommended ratio and used it without
measuring as required (Abbas et al., 2021), creating issues with production growth. This
should be avoided because it is unfavourable and raises farmers' production costs.

Pests and disease management is another critical aspect of pineapple farming because
they have the potential to reduce yield and quality. According to Hosnan (2017b), if
weeds are not properly controlled, pineapple yields can be reduced by 25 per cent to 30
per cent, which can eventually lead to pest attacks and diseases on pineapple plants. The
presence of thick grass and continuous rain may causee an attack of Bacterial Heart Rot
(BHR) disease (Hosnan, 2017b). According to Musa (2019) and Sapak et al. (2021),
some of the common diseases occurring in pineapple farms include pathogenic induced
black rot caused by Phytophtora spp. and Dickeya spp. In the event of an outbreak,
farmers should be aware of the information available on controlling the outbreak with
the use of appropriate pesticides and fungicides, in addition to good management
practises. According to Lin and Rahman (2010), 48 per cent of farmers took no action to
remediate their farms for pests and diseases. This was supported by studies on pineapple
production in other developing countries (Ofori-Appiah, 2021; Balogun et al. 2018;
Adegbite, 2015; Trujilo & Iglesias, 2013).

The efficiency of pineapple producers varies depending on the different amounts of
inputs used (Ofori-Appiah et al., 2022; Idris et al., 2013). The majority of pineapple
efficiency studies concurred that farmer inefficiency and production risk factors are
responsible for the gap that occurred when actual output fell short of potential output.
Given a particular technology, input consumption is expected to enhance the production
process and produce the best results possible. However, a gap in output levels is the
outcome from the absence of specific inputs and the incorrect use of inputs.

Inefficiency is the central argument of this thesis. A substantial body of evidence implies
that one of the ways to boost production is to use available resources efficiently (Anang
et al., 2020; Abate et al., 2019). Studies have also shown a strong and persistent
connection between inefficient input usage and developing nations, where farmers
frequently make inefficient decisions and underutilise production resources and
technologies (Ahmadzai, 2017; Bravo-Ureta et al., 2017, 2007). Low productivity
performance among the smallholders' production of pineapples may be caused by
inefficient input utilisation. On the other hand, increased output combined with
appropriate input application can increase pineapple production. To remove these
obstacles within this industry, practical and targeted actions are needed. Nonetheless,
little research has adequately considered the presence of production risk, even though it
is well-known that economic units make decision-making often involve risk and
uncertainty.

1.21 Production Risks Associated with Inputs Use

Small-scale farmers typically experience output uncertainty and unpredictability,
particularly in developing nations (Kaka et al., 2020; Kara et al., 2019b; Mishra et al.,
2019a; Amuakwa-Mensah et al., 2018). In addition to elements that are beyond the
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control of the farmers, such as input and product pricing, other factors that can be
controlled include changing the level of input utilisation (e.g., seed, fertiliser, herbicides
and pesticides). Concerning output variability, agricultural production, including
pineapple farming in Malaysia, may be impacted by these same issues. Numerous studies
in agriculture have observed that output variability, or production risk, is assessed by the
variance of output while focusing on the specification that permits inputs to be either
risk-increasing or risk-decreasing (Kara et al., 2019a; Alam et al., 2019; Amuakwa-
Mensah et al., 2018; Ogundari & Akinbogun, 2010; Fufa & Hassan, 2003).

It is commonly suggested that small-scale farmers are risk-averse (Bala et al., 2019;
Alam et al., 2019; Ahsan, 2011). They also use an input bundle that differs from the
economically optimal, utilising a higher proportion of risk-reducing inputs and a smaller
proportion of risk-increasing inputs than a profit-maximizing producer. The decision-
makers attitude towards risk will determine the extent to which they are exposed to risk
outcomes or events. These obstacles also impede farmers from achieving their full
potential yield.

Farmers, who are often risk-averse, will attempt to reduce the risks associated with
production by selecting inputs (Alam et al., 2019; Sarker etal., 2016). However, the level
of output variation (production risk) can be affected by inputs in one of two ways which
is either increasing it or decreasing it (Kumbhakar, 2002; Just & Pope, 1978). Therefore,
an economic analysis of the relationship between input use and output variation would
be beneficial for policy makers involved in risk management in the pineapple industry
as well as farmers by increasing their understanding of the risk consequences of their
input selections.

If a farmer's decision to produce is greatly influenced by production risk, this could have
a considerable impact on the farmer's technical efficiency performance (Alam et al.,
2019; Picazo-Tadeo & Wall, 2011; Bokusheva & Hockmann, 2006). The pineapple
farming industry exhibits a wide range of diversity in its production trend. The
production inputs are essential to pineapple farming, which is likely to result in output
variability (risk) and inefficiency. This indicates that the empirical models for measuring
technical efficiency need to consider the element of production risk associated with
inputs in pineapple production. An in-depth research should be conducted in order to
expand and improve this farming system in a way that is both economically sound and
environmentally sustainable.

Therefore, it is crucial to enhance the efficiency of the resources used in pineapple
production. The goal of this work is to suggest ways to increase pineapple output through
an efficient approach in a sustainable way. The presence of risk in the environment where
the crop is grown affects producers' decision-making, as well as their choice of how to
allocate inputs and, as a result, the supply of the crop. Production risk related to inputs
is pervasive and has significant effects on agricultural operations. It is crucial to analyse
how risk impacts a farmer's decision regarding input allocation and how it also influences
the farmer's efforts to achieve technical efficiency. There is a critical need to measure
the output variability in pineapple farms in Johor, given the rising prevalence of
agricultural studies that have included production risk in input uses, particularly in
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developing countries and have demonstrated the importance of this aspect (Kaka et al.,
2020; Kara et al., 2019b; Onumah et al., 2018). Given the government’s objectives to
increase pineapple production, it is therefore important to look into how production risks
affect pineapple production.

1.2.2 Socio-Economic and Institutional Variables Affecting Production

Studies on efficiency estimation have shown that there is a gap in agricultural
productivity, with actual output frequently falling short of potential output. Certain
socio-economic inefficiencies, such as experience, participation in farming seminars,
association membership, and extension assistance, might be used to explain another
contributing element of efficiency estimations (Rahim & Othman, 2019; Idris et al.,
2013). The lack of expertise and unpreparedness of the new smallholders was brought
up by pineapple producers during a conference held in Malaysia in 2019 (TFNet, 2019).
Due to this, farmers failed to realise the expected return on investment for their crops.

The previous Director General of MPIB, Mr Anim Hosnan, concurred that a lack of
networking and cooperation among the supply chain participants, including the growers,
wholesalers, processing facilities, and pertinent governmental authorities, are among the
problems impeding the pineapple industry (Hoshan, 2018). According to incidents and
reports, several pineapple farmers were reported to have been unsuccessful in growing
pineapple farms as a result of working on the fields alone (Hosnan, 2018). Due to poor
and insufficient communications, according to the Director General of MPIB, farmers
who work alone are unlikely able to obtain the necessary information.

1.2.3 Government Support to Smallholders Pineapple Smallholders

Given the economic potential of pineapple production, the government intervened
through MPIB and provided assistance through various projects and assistance, such as
Projek Pengukuhan Tanaman Nanas (Berita RTM, 2022). This programme aims to
balance market supply and demand, ensure the sustainability of pineapple production,
and reduce production costs so that pineapple growers, particularly small-scale
producers, generate substantial income. The implementation mechanism provides small-
scale businesses with planting materials or agricultural inputs valued at up to RM 2,250
per acre, with a restriction of 15 acres per participant (MPIB, 2019c). Since
independence, numerous programmes and initiatives have been launched to improve the
productivity of these farmers and transform the pineapple industry. The policy
environment of Malaysia's pineapple industry is discussed in the following section in
light of the government's initiatives to increase smallholders' pineapple production.

1.3 Policy Environment of Pineapple Industry in Malaysia

Examining the policy documents that offer the intended statement and methods provides
an insight into the evolution of the Malaysian pineapple policy. There is a lengthy history
of government intervention in the Malaysian pineapple industry. The 1950s saw the
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beginning of Malaysia’s product of canned pineapple for the world market (MPIB,
2008). Despite several modifications in the structure of the major regulating body of the
pineapple industry, MPIB, the government's support for the pineapple industry has been
maintained. Both Malaysia Plans and the National Agricultural Policy (NAPs) indicate
the government's support for the pineapple industry. Increasing farmers' income,
attaining marketing efficiency, and accomplishing the aim of self-sufficiency are among
the general objectives of these government policies (Abd-Halim, 2016).

The government, through MAFI, have developed and implemented strategies and
programmes for pineapple growing since Malaysia gained its independence in 1957.
After independence, two development plans, the First Malaya Plan (LMP) (1956-60)
and the Second Malaysia Plan (2MP) (1961-65), marked the beginning of the shift in
the emphasis on development (Malaya, 1957 and 1961). The fundamentals—
infrastructure development and institutional support to enhance rural and farming
communities—were the focus of the sector's revamping in the rural and agricultural
areas. Lembaga Perusahaan Nanas Tanah Melayu, which took the position of the Johor-
based Pineapple Joint Industrial Council, was established in 1957 as a result of the
widespread and significant economic importance of pineapple production (MPIB, 1988).
In order to ensure that the industry's flow and development are organised through the
functions mentioned by regulating and coordinating production, processing, and
marketing, and quality assurance, the MPIB is responsible for regulating and developing
the national pineapple industry through the regulations it enacts.

In the 1970s, The Pineapple Replanting Scheme and the Half Price Assistance Scheme
for smallholders were established under the Pineapple Industrial Regulations (Financial
Assistance for Replanting) of 1971. The policies were invested in the peat land in
accordance with the policy of the Johor State Government at the time to develop
peatlands with pineapple crops due to the concentration of pineapple smallholders in
Johor (MPIB, 2018). In order to give a far more "all-encompassing" policy approach to
agricultural development, the National Agricultural Policy (NAP) was introduced in
1984. The NAP was created to ensure an even and consistent pace of growth in the
agriculture industry, including pineapple crop in comparison to other economic sectors
(EPU, 1984).

The Ordinan Perusahaan Nanas 1957, also known as the Akta Perindustrian Nanas
Malaysia 1957 (Semakan 1990), was amended in 1990 during the same period as
Malaysia was moving towards industrialization (MPIB, 2018). In 1992, the New
National Agricultural Policy Il (also known as NAP I1) was created to remedy the flaws
in the first NAP. The new NAP II's goal was to maximise income through the most
effective use of available resources in production. Later, the third National Agricultural
Policy (1998-2010) was developed to restore agriculture in the context of the new global
economic order, where globalisation is the norm and trade liberalisation is accelerating
(Malaysia, 1999). The NAP 111 focuses on innovative methods to boost production and
competitiveness, strengthen connections with other industries, explore uncharted
territory, and sustainably conserve and utilise natural resources.
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Malaysia started on a new route of development in 2010 with the Economic
Transformation Program (ETP) in order to obtain a high income by 2020. According to
the strategy, the pineapple crop has been included in the agricultural national key
economic areas (NKEAs) under Entry Point Project 7 (EPP7), which has great growth
potential (PEMANDU, 2016). The Malaysian government has recognised pineapple as
a new source of wealth for the nation in Malaysia's Budget Planning 2018 (Othman,
2017) and therefore has highlighted pineapple’s potential in improving farmers’ income.
This was in line with Malaysia’s aim to enhance the export volume of pineapple to
Middle Eastern nations, including Turkey, Iran, Saudi Arabia and Egypt, which have
gradually shown increasing demand. Furthermore, Malaysia's pineapple industry,
through MPIB, conducted rigorous and extensive efforts to increase the pineapple
planting area, notably for the MD2 and Josapine varieties (MPIB, 2019a). The
government also has provided financial supports to involve youth in agriculture through
Young Agropreneur Program by MAFI within this period alongside other relevant
government agencies including Agrobank and National Business Group Economic Fund
(TEKUN). In a bid to also accomplish the objective, MPIB rolled out various projects
on pineapple production from 2016 to 2020 under Eleventh Malaysia Plan. Among the
projects that were established included Projek Pengukuhan Tanaman Nanas, Projek
Penanaman Nanas untuk Pasaran Premium, Projek Integrasi Tanaman Nanas and
Projek Kluster Pengeluaran Nanas di Sarawak (MPIB, 2019c).

The National Agrofood Policy 2021-2030 (NAP 2.0) was developed to support the
aspirations and future direction of the country's agro-food sector, which is more
sustainable, resilient, and heavily technology-driven. With the intervention of NAP 2.0,
the agro-food industry, including pineapple, would also be able to maintain its
competitiveness, helping to advance national economic growth, human welfare, and
environmental sustainability. These objectives follow the Sustainable Development
Agenda 2030's guiding principles (SDG 2030). The country's pineapple industry would
be further strengthened by the NAP 2.0, which was established to promote the growth
and modernisation of the agro-food and food security industries under the MAFI. The
NAP 2.0 highlighted the high demand for pineapple as one of the HVC would fluctuate
more than it would be volatile for staple commodities (MAFI, 2021b). The government
took multiple measures to address the issue by offering smallholders various forms of
aid and incentives with the goal of increasing pineapple production over the years. Given
the critical importance of pineapple to both urban and rural family units, pineapple
production has long been considered a need in Malaysia. The country has enacted a slew
of policies aimed at bolstering and expanding domestic output. The main goals of this
support were to boost smallholders' incomes and the economy's contribution from
pineapple production (MPIB, 2019c).

In general, the majority of the strategies were established primarily to raise the
productivity of smallholders and estates and to raise the economic contribution of
pineapple. Malaysia's ability to compete in the pineapple business has the potential to be
fully utilised. The Malaysian government has been putting forth initiatives specifically
designed to boost productivity in an effort to improve pineapple production, income and
livelihood of the smallholders.
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1.4 Problem Statement

The importance of the pineapple industry in Malaysia’s agriculture sector and its overall
economic development has been recognised for years. The high export potential of
pineapple in Malaysia has elevated the country’s position as an important pineapple
producer in the global market. As an important producer of pineapple on the global stage,
it is necessary for the country to explore, to the fullest, its pineapple industry potential
S0 as to strengthen its domestic market as well as increase the revenue from export
markets. Although there is market potential in terms of domestic consumption, the
greatest potential still appears to be in promoting fruit exports. This shows that pineapple
smallholder producers play a vital role in the pineapple industry. These farmers have
helped shape the pineapple industry into an attractive business entity, evidenced by its
high market value both locally and internationally. While the pineapple industry has
made some progress in terms of growth domestically and in the export market, it has
been confronted with the problem of production decline in recent years as it was recorded
that there was a 26% decline from 2017 till 2020 (MPIB, 2020; 2019a) . The implication
is that Malaysia’s pineapple contribution to the global market has been affected
negatively, thus, diminishing its global competitiveness. This production decline can be
attributed to many factors and signals probable production challenges.

Over the last decades, pineapple production has attracted investment from farmers for
both domestic consumption and the export market. The state of Johor, being endowed
with a favourable environment for pineapple production, makes it a thrust area which
attracts a continuous stream of programmes/policies implemented in the past, resulting
in a steady production trend for decades. This income opportunity has helped in
improving the livelihoods of the farmers for generations. Small-scale farmers frequently
endure unpredictable and unclear output, especially in developing countries (Kaka et al.,
2020; Kara et al., 2019b; Mishra et al., 2019a; Amuakwa-Mensah et al., 2018). Other
aspects that can be managed, in addition to those beyond of the farmers' control like
input and product pricing, include modifying the rate of input utilisation (e.g., seed,
fertiliser, herbicides and pesticides). With regards to output variability, these same
problems might have an effect on Malaysian pineapple smallholders. Numerous research
in agriculture have found that the variation of output, or production risk, is measured
while focusing on the specification that allows inputs to be either risk-increasing or risk-
decreasing (Kara et al., 2019a; Alam et al., 2019; Amuakwa-Mensah et al., 2018;
Ogundari & Akinbogun, 2010; Fufa & Hassan, 2003).

Recognising the fact that the pineapple industry has the potential to contribute
immensely to the Malaysian economy as a whole has stimulated the government to
strengthen its domestic market as well as seek new export markets. As a strategy, the
government has implemented numerous policies and strategies towards improving the
country’s pineapple production volumes. There are multiple ways to improve pineapple
production, such as expansion in cultivated areas, increase in cropping intensity,
technological change and improvement in technical efficiency. However, some of these
options do not seem feasible in the short run: area expansion and cropping intensity seem
to be a challenge considering the intercropping cultivation system practice of pineapple
in Johor, while technological change may require a long-term process in addition to huge
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funding and investment. Therefore, the only feasible short-term option will be to
improve technical efficiency.

Policy makers and agricultural economists have always emphasised the crucial role of
efficiency in fostering agricultural productivity. This is because improvements in
technical efficiency are an important policy objective as it constitutes a major facilitator
of overall productivity growth. Production of agricultural commodities is a complex
process and a function of limited multiple inputs. Furthermore, the production process
does not depend on individual resources solely but on the combinations of different
inputs as well as management practices that ultimately determine total productivity.
Therefore, the success of any farm producer depends on identifying the best production
system and on their ability to combine these limited resources appropriately. Considering
the pineapple production system as a whole, the differences across farms in the use of
various factors of production at various levels and in various combinations influence
changes in pineapple yields. This means that increase in production is possible mainly
through improvement in productivity of the crop that could be achieved by efficient
utilisation of available resources.

To estimate technical efficiency, a conventional stochastic frontier model is typically
used. However, it does not sufficiently take into account production risk, which is a
crucial component of production. It is, in fact, crucial to consider the possibility that risk
aversion may influence the decision between production strategies when assessing the
success of pineapple production. This is because risk aversion could have an impact on
the producing output that is actually realised. Furthermore, it is vital to consider socio-
economic and managerial aspects that could increase output while assessing pineapple
production. Technical efficiency estimates will be inaccurate if production risk is not
factored into the equation. Therefore, a thorough analysis of the input-output
relationship, production risk, and technical inefficiency degree for pineapple production
is necessary.

The decline in production volumes confronting the pineapple industry in recent years
has, therefore, prompted research efforts on production efficiency and production risk of
pineapple smallholders. Such investigation is vital at both the national level and at the
producer level: at the national level, examining efficiency can guide resource utilisation
and may lead to significant resource savings, which has important implications for policy
formulations. Similarly, at the producer level, such information can help them focus on
any necessary adjustments within their operations and, as a result, improve their
productivity. In this context, assessment of the existing level of technical efficiency and
production risk in pineapple production assumes paramount importance. The outcome
of the technical efficiency evaluation will indicate the level of utilisation of the present
technology used in the production process, as well as the possibilities for improvement.
Estimates of the input component productivities in relation to pineapple output will
demonstrate how input and output are related. The change in output if all factor inputs
are changed in the long run by the same percentage is also shown by the estimated scale
elasticity of production. With the assistance of these estimations, policymakers can
choose the best possible inputs, which will boost their outputs. Therefore, this study aims
to determine the technical efficiency and production risk of smallholders pineapple
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production in Johor considering Johor is the largest pineapple producing state in
Malaysia.

15 Research Questions

Based on the problem statement aforementioned, the following research questions need
to be answered:

a.  What is the technical efficiency level of pineapple smallholder farmers?

b. What are the production risks with respect to the inputs used by pineapple
smallholder farmers?

c. What are the factors affecting the technical efficiency of pineapple smallholder
farmers?

1.6 Objectives of the Study

The general objective of this study is to determine the technical efficiency and
production risk of smallholders pineapple production in Johor. The specific objectives
of the study are:

a. toestimate technical efficiency of smallholder pineapple production;

b. to analyse production risks with respect to inputs of smallholder pineapple
production;

c. to determine influencing factors affecting technical efficiency of pineapple
smallholders' production.

1.7 Significance of the Study

This research will assist pineapple farmers in increasing their revenue, yield, and
resource efficiency. This would aid in the overall growth of the agriculture industry and
the country. Examining the efficiency of the pineapple smallholders would therefore
serve as a guide in identifying areas of policy strategy targets. An increase in pineapple
industry output is thought to provide the required growth in revenue through the export
of the fruit.

The outcome of the technical efficiency evaluation will indicate the level of utilisation
of the present technology used in the production process, as well as the possibilities for
improvement. Estimates of the input component productivities in relation to pineapple
output will demonstrate how input and output are related. The change in output if all
factor inputs are changed in the long run by the same percentage is also shown by the
estimated scale elasticity of production. With the assistance of these estimations,
policymakers can choose the best possible inputs, which will boost their outputs.
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The presence of risks in the production environment, such as the occurrence of pests and
diseases and changes in the costs of inputs and outputs, affect farmers' decisions on the
allocation of inputs and, as a result, the supply of output. The degree to which farmers
are ready to incur this risk substantially influences how well they can manage it. The
findings of the production risk component will clarify how various inputs affect output
variance. The variability of the output may be increased by some input parameters while
it may not be by others. The allocation decision of inputs depends on this knowledge.

The causes of pineapple production variability may be because many smallholders lack
a clear understanding of the optimum distribution of variable inputs and/or because many
of the smallholders lack the technical efficiency necessary to operate the production
technologies. Consequently, it is anticipated that identifying areas of inefficiency and
factors related to input risk in pineapple farming will aid in determining the gap between
actual and potential production. For farmers as well as policy makers, addressing the
causes of inefficiency and production risk is crucial. There is, however, hardly a farm-
level research that addresses either risk or both at once when it comes to pineapple
cultivation in Malaysia. This research on pineapple farming in Malaysia is the first to
examine how input utilisation and ineffective pineapple production affecting production
variability.

The results will be able to offer policy recommendations that can enhance the planning
and monitoring system used by the industry's regulatory bodies, particularly MAFI and
MPIB, to effectively increase production and, consequently, the farmers' farm income.
The study would also give decision-makers the knowledge they need to set up initiatives
that will help Malaysia's pineapple production potential. The study's contribution will be
to further the discussion about ways to raise the profitability of the pineapple smallholder
sector in Malaysia. The study and its findings will benefit the government and relevant
development agencies, in the hope of improving the lives of rural pineapple
smallholders. The outcome of this study will also contribute to the literature on the
improvement of technical efficiency in the pineapple production industry and also the
risk mitigation in the pineapple production process.

1.8 Organisation of Thesis

This thesis is structured into five chapters. Chapter one dwells on the introduction of the
study, where the emphasis was on the overview of Malaysia’s pineapple industry with
emphasis on the aspects of its production system, policies and market dynamics. It also
included the problem statement, objectives and significance of the study. Chapter two
accommodates a review of approaches for efficiency measurements, the importance of
incorporating production risk in a stochastic frontier model and empirical studies on
efficiency applications of the different approaches in efficiency analysis. It also
highlights agricultural policies and programs in Malaysia with respect to the pineapple
industry.

Chapter three focused on the theoretical framework, conceptual framework for pineapple
production efficiency, methods of analysis, and empirical analysis for estimating
technical efficiency and production risk and hypothesis tests. It also comprised of the
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study area, sources and methods of data collection, validation of an instrument for data
collection, sampling techniques and a priori expectation of the signs of the variables and
the analytical techniques. Chapter four documents the results and discussion concerning
each objective, summary statistics of the output and input variables, a description of the
demographic characteristics of the respondents, hypotheses that were tested, estimates
of the marginal output risk, the inefficiency model estimates and the estimates of
inefficiency. The summary, implications of the study for policy, recommendations for
policy implications, limitations and suggestions for future study and conclusion are in
the last chapter, followed by the references and appendices.

25



REFERENCES

Abatania, L., Hailu, A., & Mugera, A. (2012). Analysis of farm household technical
efficiency in Northern Ghana using bootstrap DEA. 56th Annual Conference of
the Australian Agricultural and Resource Economics Society., 1-33.
http://www.researchgate.net/publication/230753853_AARES_conference_pap
er_7.1/file/9fcfd503e663aa5e55. pdf

Abate, T. M., Dessie, A. B., & Mekie, T. M. (2019). Technical efficiency of smallholder
farmers in red pepper production in North Gondar zone Amhara regional state,
Ethiopia. Journal of Economic Structures, 8(1), 18.
https://doi.org/10.1186/s40008-019-0150-6

Abbas, H. (2019). Kesan Penggunaan Baja dan Hormon Terhadap Prestasi Nanas Tisu
Kultur dan Sulur MD2. Seminar Perkembangan Semasa Dan Peningkatan
Pengeluaran Produktiviti Dan Pemasaran Nanas MD2.

Abbas, H., Rahman, Z. A., & Ghazali, M. S. (2021). Effect of fertilization and hormone
for high quality development of MD2 pineapple. Buletin Teknologi MARDI, 30,
13-23.

Abd-Halim, N. (2016). Policy Intervention for the Development of the Pineapple
Industry in Malaysia. Food and Fertilizer Technology Center for the Asian and
Pacific Region. http://ap.fftc.agnet.org/ap_db.php?id=716

Adegbite, O., & Adeoye, I. B. (2015). Technical Efficiency of Pineapple Production in
Osun State, Nigeria. Agris On-Line Papers in Economics and Informatics,
Volume VII(Number 1), 3—12. https://doi.org/10.1016/c2013-0-05499-0

Adenuga, A. H., Muhammad-Lawal, A., & Rotimi, O. A. (2013). Economics and
Technical Efficiency of Dry Season Tomato Production in Selected Areas in
Kwara State, Nigeria. Agris On-Line Papers in Economics and Informatics,
v(1).

Adinku, A. O. (2013). Production Risk and Technical Efficiency of Irrigated Rice Farms
in the Greater Accra and Volta Regions of Ghana. University of Ghana.

Agrell, P. J., & Martin West, B. (2001). A Caveat On The Measurement Of Productive
Efficiency. International Journal of Production Economics, 69(1), 1-14.
https://doi.org/10.1016/S0925-5273(00)00036-0

Ahmad, M., & Bravo-Ureta, B. E. (1996). Technical efficiency measures for dairy farms
using panel data: A comparison of alternative model specifications. Journal of
Productivity Analysis, 7(4), 399-415. https://doi.org/10.1007/BF00162049

Ahmadu, J., & Alufohai, G. O. (2012). Estimation of Technical Efficiency of Irrigated
Rice Farmers in Niger State. American-Eurasian Journal of Agriculture &
Environmental Sciences, 12(12), 1610-1616.
https://doi.org/10.5829/idosi.aejaes.2012.12.12.1918

126



Ahmadzai, H. (2017). Crop diversification and technical efficiency in Afghanistan:
Stochastic frontier analysis. In CREDIT Research Paper (No. 17/04).
http://hdl.handle.net/10419/162749

Ahmed, K. D., Burhan, O., Amanuel, A., Diriba, I., & Ahmed, A. (2018). Technical
efficiency and profitability of potato production by smallholder farmers: The
case of Dinsho District, Bale Zone of Ethiopia. Journal of Development and
Agricultural Economics, 10(7), 225-235.
https://doi.org/10.5897/JDAE2017.0890

Ahmed, M. H., & Melesse, K. A. (2018). Impact of off-farm activities on technical
efficiency: Evidence from maize producers of eastern Ethiopia. Agricultural
and Food Economics, 6(1), 1-15. https://doi.org/10.1186/s40100-018-0098-0

Ahsan, D. A. (2011). Farmers’ motivations, risk perceptions and risk management
strategies in a developing economy: Bangladesh experience. Journal of Risk
Research, 14(3), 325-349. https://doi.org/10.1080/13669877.2010.541558

Aigner, D., & Chu, S. F. (1968). On Estimating the Industry Production Function. The
American Economic Review, 58(4), 826-839.
https://www.jstor.org/stable/1815535

Aigner, D., Lovell, C. A. K., & Schmidt, P. (1977). Formulation and Estimation of
Stochastic Frontier Production Function Models. Journal of Econometrics,
6(1), 21-37. https://doi.org/10.1016/0304-4076(77)90052-5

Ajapnwa, A., Bidogeza, J. C., Minkoua N, J. R., & Afari-Sefa, V. (2017). Efficiency and
productivity analysis of vegetable farming within root and tuber-based systems
in the humid tropics of Cameroon. Journal of Integrative Agriculture, 16(8),
1865-1873. https://doi.org/10.1016/S2095-3119(17)61662-9

Ajibefun, 1. A. (2008). An Evaluation of Parametric and Non-Parametric Methods of
Technical Efficiency Measurement : Application to Small Scale Food Crop
Production in Nigeria. Journal of Agriculture & Social Sciences, 4, 95-100.

Akter, K., Majumder, S., Islam, M. A., & Sarker, B. (2020). Technical Efficiency
Analysis of Pineapple Production at Madhupur Upazila of Tangail District,
Bangladesh. Asian Research Journal of Arts & Social Sciences, 12(2), 32-42.
https://doi.org/10.9734/arjass/2020/v12i230187

Al-hassan, S. (2008). Technical Efficiency of Rice Farmers in Northern Ghana. In AERC
Research Paper 178.

Alam, M. A., Guttormsen, A. G., & Roll, K. H. (2019). Production Risk and Technical
Efficiency of Tilapia Aquaculture in Bangladesh. Marine Resource Economics,
34(2), 123-141. https://doi.org/10.1086/704129

Alam, M. F., Khan, M. A,, & Hug, A. S. M. A. (2012). Technical Efficiency In Tilapia
Farming Of Bangladesh: A Stochastic Frontier Production Approach.
Aquaculture International, 20(4), 619-634. https://doi.org/10.1007/s10499-
011-9491-3

127



Alem, H. (2021). The Role of Technical Efficiency Achieving Sustainable Development:
A Dynamic Analysis of Norwegian Dairy Farms. Sustainability, 13(4), 1841.
https://doi.org/10.3390/su13041841

Alene, A. D., & Zeller, M. (2005). Technology adoption and farmer efficiency in
multiple crops production in Eastern Ethiopia: A comparison of parametric and
non-parametric distance functions. Agricultural Economics Review, 6(1), 5-17.

Alhassan, A. L., & Biekpe, N. (2015). Efficiency, productivity and returns to scale
economies in the non-life insurance market in South Africa. Geneva Papers on
Risk and Insurance: Issues and Practice, 40(3), 493-515.
https://doi.org/10.1057/gpp.2014.37

Ali, A., Almas, L., Shah, S. A, Fatima, H., & Khan, A. (2020). Technical Efficiency of
Growing Sugarcane Crop in Khyber Pakhtunkhwa, Pakistan. Sarhad Journal
of Agriculture, 36(2). https://doi.org/10.17582/journal.sja/2020/36.2.499.506

Amaza, P. S., Udoh, E. J., Abdoulaye, T., & Kamara, A. Y. (2010). Analysis Of
Technical Efficiency Among Community-Based Seed Producers In The
Savannas Of Borno State, Nigeria. Journal of Food, Agriculture and
Environment.

Ambali, O. I., Adegbite, D. A., Ayinde, I. A., & Oyeyinka, R. A. (2012). Comparative
Analysis Of Technical Efficiency Of Beneficiary And Non-Beneficiary Food
Crop Farmers Of Bank Of Agriculture In Ogun State, Nigeria. ARPN Journal
of Agricultural and Biological Science, 7(12), 1038-1047.

Amuakwa-Mensah, F., Chube, B., Surry, Y., & Bahta, S. (2018). Production risk and
technical (in)efficiency amongst smallholder livestock farmers in Botswana:
An exploratory investigation. 30th International Conference of Agricultural
Economists.

Anang, B. T., Alhassan, H., & Danso-Abbeam, G. (2020). Estimating technology
adoption and technical efficiency in smallholder maize production: A double
bootstrap DEA approach. Cogent Food & Agriculture, 6(1), 1833421.
https://doi.org/10.1080/23311932.2020.1833421

Andaregie, A., & Astatkie, T. (2020). Determinants of technical efficiency of potato
farmers and effects of constraints on potato production in Northern Ethiopia.
Experimental Agriculture, 56(5), 699-7009.
https://doi.org/10.1017/S0014479720000253

Anh, N. H., Bokelmann, W., Nga, D. T., & Van Minh, N. (2019). Toward sustainability
or efficiency: The case of smallholder coffee farmers in Vietnam. Economies,
7(3), 66. https://doi.org/10.3390/economies7030066

Antle, J. M. (1983). Testing the Stochastic Structure of Production: A Flexible Moment-
Based Approach. Journal of Business & Economic Statistics, 1(3), 192-201.
https://doi.org/10.1080/07350015.1983.10509339

Armagan, G. (2008). Determining the Factors Affecting Efficiency Scores in
Agriculture. International Journal of Agricultural Research, 3(4).

128



https://doi.org/10.3923/ijar.2008.325.330

Athipanyakul, T. (2018). Sugarcane production efficiency of small-scale farmers in
Thailand. International ~ Sugar  Journal, 120(1434),  470-475.
https://www.internationalsugarjournal.com/

Aung, P. P. P., & Lee, J.-Y. (2021). Technical Efficiency of Mung Bean Producers: The
Case of Myanmar. Agriculture, 11(12), 1249,
https://doi.org/10.3390/agriculture11121249

Ayhipanyakul, T., Jitsaeng, P., Pongkapan, N., & Pakdee, P. (2014). Key Factors For
Improving Technical Efficiency Of Upland Rice Production. American Journal
of Applied Sciences, 11(2), 266-272.
https://doi.org/10.3844/ajassp.2014.266.272

Azumah, S. B., Donkoh, S. A., & Awuni, J. A. (2019). Correcting for sample selection
in stochastic frontier analysis: insights from rice farmers in Northern Ghana.
Agricultural and Food Economics, 7(1). https://doi.org/10.1186/s40100-019-
0130-z

Bagchi, M., & Zhuang, L. (2016). Analysis of farm household technical efficiency in
Chinese litchi farm using bootstrap DEA. Custos e Agronegocio, 12(4), 378-
393.

Bala, M., Shamsudin, M. N., Radam, A., & Latif, I. A. (2019). Measuring the Technical
Efficiency of Cotton Farmers Using Stochastic Frontier and Data Envelopment
Analysis: A Case Study of Northeast Zone , Nigeria. IOSR Journal of
Agriculture and Veterinary Science, 12(5), 8-15. https://doi.org/10.9790/2380-
1205010815

Bala, M., Shamsudin, M. N., Radam, A., Latif, I. A., & Mukhtar, U. (2021). Stochastic
Cotton Production Technology and Risk Production Analysis: A Case Study of
Northeast Zone, Nigeria. IOSR Journal of Agriculture and Veterinary Science,
14(6), 20-30. https://doi.org/10.9790/2380-1406022030

Balogun, O.L., Adewuyi, S. A,, Disu, O. R., Afodu, J. O., & Ayo-Bello, T. A. (2018).
Profitability and Technical Efficiency of Pineapple Production in Ogun State,
Nigeria. International Journal of Fruit Science, 18(4), 436-444.
https://doi.org/10.1080/15538362.2018.1470594

Balogun, Olubunmi Lawrence, Adewuyi, S. A., Disu, O. R., Afodu, J. O., & Ayo-Bello,
T. A. (2018). Profitability and Technical Efficiency of Pineapple Production in
Ogun State, Nigeria. International Journal of Fruit Science, 18(4), 436-444.
https://doi.org/10.1080/15538362.2018.1470594

Bamiro, O. M., & Aloro and Janet O. (2013). Technical Efficiency in Swamp and Upland
Rice Production in Osun State. Scholarly Journal of Agricultural Science, 3(1),
31-37.

Banker, R. D., Charnes, A., & Cooper, W. W. (1984). Some Models for Estimating

Technical and Scale Inefficiencies in Data Envelopment Analysis. Management
Science, 30(9), 1078-1092. https://doi.org/10.1287/mnsc.30.9.1078

129



Bard, S. K., & Barry, P. J. (2000). Developing a scale for assessing risk attitudes of
agricultural decision makers. International Food and Agribusiness
Management  Review,  3(1), 9-25. https://doi.org/10.1016/S1096-
7508(00)00024-0

Bartholomew, D. P., Paull, R. E., & Rohrbach, K. G. (2003). The pineapple: botany,
production and uses. CABI. https://doi.org/10.1079/9780851995038.0000

Baser, U., & Bozoglu, M. (2020). Chestnut blight and technical efficiency in chestnut
production: Case study of Aydin Province, Turkey. Scientia Horticulturae,
263(November 2019), 109048. https://doi.org/10.1016/j.scienta.2019.109048

Battese, G. (1992). Frontier production functions and technical efficiency: a survey of
empirical applications in agricultural economics. Agricultural Economics, 7(3—
4), 185-208. https://doi.org/10.1016/0169-5150(92)90049-5

Battese, G. E., & Coelli, T. J. (1992). Frontier production functions, technical efficiency
and panel data: With application to paddy farmers in India. Journal of
Productivity Analysis, 3(1-2), 153-169. https://doi.org/10.1007/BF00158774

Battese, G. E., & Coelli, T. J. (1995). A model for technical inefficiency effects in a
stochastic frontier production function for a panel data. Empirical Economics,
20(2), 325-332. https://doi.org/10.1007/BF01205442

Battese, G. E., Rambaldi, A. N., & Wan, G. H. (1997). A Stochastic Frontier Production
Function with Flexible Risk Properties. Journal of Productivity Analysis, 8(3),
269-280. https://doi.org/10.1023/A:1007755604744

Battese, George E., & Coelli, T. J. (1988). Prediction of firm-level technical efficiencies
with a generalized frontier production function and panel data. Journal of
Econometrics, 38(3), 387-399. https://doi.org/10.1016/0304-4076(88)90053-
X

Battese, George E., & Corra, G. S. (1977). Estimation Of A Production Frontier Model:
With Application To The Pastoral Zone Of Eastern Australia. Australian
Journal of Agricultural Economics, 21(3), 169-179.
https://doi.org/10.1111/j.1467-8489.1977.tb00204.x

Belete, A. S. (2020). Analysis of technical efficiency in maize production in Guji Zone:
stochastic frontier model. Agriculture and Food Security, 9(1), 1-15.
https://doi.org/10.1186/s40066-020-00270-w

Belotti, F., Daidone, S., llardi, G., & Atella, V. (2013). Stochastic Frontier Analysis
using Stata. The Stata Journal: Promoting Communications on Statistics and
Stata, 13(4), 719-758. https://doi.org/10.1177/1536867X1301300404

Bera, A. K., & Sharma, S. C. (1999). Estimating Production Uncertainty in Stochastic
Frontier Production Function Models. Journal of Productivity Analysis, 12,
187-210. https://doi.org/10.1023/A:1007828521773

Berita RTM. (2022). Lebih RM300,000 diperuntukan perkasa industri nanas di
Terengganu. Berita RTM, 11 January 2022.

130



https://berita.rtm.gov.my/index.php/semasa/32868-lebih-rm300-000-
diperuntukan-perkasa-industri-nenas-di-terengganu

BERNAMA. (2019). China new market for Malaysia’s pineapple. Malay Mail.
https://mww.malaymail.com/news/money/2019/11/26/china-new-market-for-
malaysias-pineapple/1813585

Beyene, T., Mulugeta, W., & Merra, T. (2020). Technical efficiency and impact of
improved farm inputs adoption on the yield of haricot bean producer in Hadiya
zone, SNNP region, Ethiopia. Cogent Economics and Finance, 8(1).
https://doi.org/10.1080/23322039.2020.1833503

Bhatt, M. S., & Bhat, S. A. (2014). Technical Efficiency And Farm Size Productivity—
Micro Level Evidence From Jammu & Kashmir. International Journal of Food
and Agricultural Economics, 2(4), 27-49.

Biener, C., Eling, M., & Wirfs, J. H. (2016). The determinants of efficiency and
productivity in the Swiss insurance industry. European Journal of Operational
Research, 248(2), 703-714. https://doi.org/10.1016/j.ejor.2015.07.055

Binam, J. N., Tonye, J., and Wandji, N. (2005). Source of Technical Efficiency Among
Small Holder Maize and Peanut farmes in the Slash and Burn Agriculture zone
of Cameroon. Journal of Economic Cooperation, 1(26), 193-210.

Binici, T., Zulauf, C. R., Kacira, O. O., & Karli, B. (2006). Assessing the efficiency of
cotton production on the Harran Plain, Turkey. Outlook on Agriculture, 35(3),
227-232. https://doi.org/10.5367/000000006778536729

Biswas, B., Mallick, B., Roy, A., & Sultana, Z. (2021). Impact of agriculture extension
services on technical efficiency of rural paddy farmers in southwest
Bangladesh. Environmental Challenges, 5(April), 100261.
https://doi.org/10.1016/j.envc.2021.100261

Bokusheva, R., & Hockmann, H. (2006). Production risk and technical inefficiency in
Russian agriculture. European Review of Agricultural Economics, 33(1), 93—
118. https://doi.org/10.1093/erae/jbi036

Bonfiglio, A., Henke, R., Pierangeli, F., & Pupo D’Andrea, M. R. (2020). Effects of
redistributing policy support on farmers’ technical efficiency. Agricultural
Economics (United Kingdom), 51(2), 305-320.
https://doi.org/10.1111/agec.12556

Boubacar, O., Hui-giu, Z., Rana, M. A., & Ghazanfar, S. (2016). Analysis on Technical
Efficiency of Rice Farms and Its Influencing Factors in South-western of Niger.
Journal of Northeast Agricultural University (English Edition), 23(4), 67-77.
https://doi.org/10.1016/s1006-8104(17)30009-0

Bougie, R., & Sekaran, U. (2020). Research Methods for Business A Skill Building
Approach. In Wiley.

Bravo-Ureta, B. (1994). Efficiency in agricultural production: The case of peasant
farmers in eastern Paraguay. Agricultural Economics, 10(1), 27-37.

131



https://doi.org/10.1016/0169-5150(94)90037-X

Bravo-Ureta, B. E., Jara-Rojas, R., Lachaud, M. A., & Moreira, V. H. (2017). A Meta
Analysis Of Farm Efficiency: Evidence From The Production Frontier
Literature (Issue 5).

Bravo-Ureta, B. E., & Pinheiro, A. E. (1993). Efficiency Analysis of Developing
Country Agriculture: A Review of the Frontier Function Literature.
Agricultural and Resource Economics Review, 22(1), 88-101.
https://doi.org/10.1017/S1068280500000320

Bravo-Ureta, B. E., Solis, D., Moreira Lopez, V. H., Maripani, J. F., Thiam, A., & Rivas,
T. (2007). Technical efficiency in farming: A meta-regression analysis. Journal
of Productivity Analysis. https://doi.org/10.1007/s11123-006-0025-3

Bravo-Ureta, B. E., Moreira, V. H., Troncoso, J. L., & Wall, A. (2020). Plot-level
technical efficiency accounting for farm-level effects: Evidence from Chilean
wine grape producers. Agricultural Economics, 51(6), 811-824.
https://doi.org/10.1111/agec.12593

Bravo-Ureta, B. E., & Rieger, L. (1991). Dairy Farm Efficiency Measurement Using
Stochastic Frontiers and Neoclassical Duality. American Journal of
Agricultural Economics, 73(2), 421-428. https://doi.org/10.2307/1242726

Burton, R. J. F. (2006). An alternative to farmer age as an indicator of life-cycle stage:
The case for a farm family age index. Journal of Rural Studies, 22(4), 485-492.
https://doi.org/10.1016/j.jrurstud.2006.02.005

Carrer, M. J., de Souza Filho, H. M., Batalha, M. O., & Rossi, F. R. (2015). Farm
Management Information Systems (FMIS) and technical efficiency: An
analysis of citrus farms in Brazil. Computers and Electronics in Agriculture,
119, 105-111. https://doi.org/10.1016/j.compag.2015.10.013

Cervantes-Godoy, D. Kimura, S., & Anton, J. (2013). Smallholder Risk Management in
Developing Countries (OECD Food, Agriculture and Fisheries Papers, Vol.
61). https://doi.org/10.1787/5k452k28wiljl-en

Chakraborty, K., Misra, S., & Johnson, P. (2002). Cotton Farmers’ Technical Efficiency:
Stochastic and Nonstochastic Production Function Approaches. Agricultural
and Resource Economics Review, 31(2), 211-220.
https://doi.org/10.1017/s1068280500004019

Chan, Y. K. (2000). Status of the pineapple industry and research and development in
Malaysia. Acta Horticulturae.

Chandio, A. A, Jiang, Y., Gessesse, A. T., & Dunya, R. (2019). The Nexus of
Agricultural Credit, Farm Size and Technical Efficiency in Sindh, Pakistan: A
Stochastic Production Frontier Approach. Journal of the Saudi Society of
Agricultural Sciences, 18(3), 348-354.
https://doi.org/10.1016/j.jssas.2017.11.001

132



Chang, H.-H., & Wen, F.-l. (2011). Off-farm work, technical efficiency, and rice
production risk in Taiwan. Agricultural Economics, 42(2), 269-278.
https://doi.org/10.1111/j.1574-0862.2010.00513.x

Charnes, A., Cooper, W. W., & Rhodes, E. (1978). Measuring The Efficiency Of
Decision Making Units. European Journal of Operational Research, 2(6), 429—
444, https://doi.org/10.1016/0377-2217(78)90138-8

Chen, A. Z., Huffman, W. E., & Rozelle, S. (2003). Technical Efficiency of Chinese
Grain Production: A Stochastic Production Frontier Approach. American
Agricultural Economics Association Annual Meeting.

Chepng, E., Bett, E. K., Nyamwaro, S. O., & Kizito, K. (2014). Analysis of technical
efficiency of sorghum production in lower Eastern Kenya: A Data Envelopment
Analysis (DEA) approach. Journal of Economics and Sustainable
Development.

Chimai, B. C. (2011). Determinants of Technical Efficiency in Smallholder Sorghum
Farming in Zambia. Ohio State University.

Chiona, S., Kalinda, T., & Tembo, G. (2014). Stochastic Frontier Analysis of the
Technical Efficiency of Smallholder Maize Farmers in Central Province,
Zambia.  Journal of  Agricultural  Science, 6(10), 108-118.
https://doi.org/10.5539/jas.v6n10p108

Chube, B., & Surry, Y. (2019). Analysis of production risk and technical efficiency
amongst smallholder livestock farmers in Botswana (Issue 1197). Swedish
University of Agricultural Sciences.

Cochran, W. G. (1977). Sampling Technique. John Wiley & Sons, Ltd.

Coelli, T. (1995). Recent Developments in Frontier Modelling and Efficiency
Measurement. Australian Journal of Agricultural Economics, 39(3), 219-245.
https://doi.org/10.1111/j.1467-8489.1995.tb00552.x

Coelli, T. (1998). A multi-stage methodology for the solution of orientated DEA models.
Operations Research Letters, 23(3-5), 143-149.
https://doi.org/10.1016/S0167-6377(98)00036-4

Coelli, T. J. (1996). A Guide to FRONTIER Version 4.1: A Computer Program for
Stochastic Frontier Production and Cost Function Estimation. In CEPA
Working Papers. https://doi.org/10.1007/BF00158774

Coelli, T., Rahman, S., & Thirtle, C. (2002). Technical, Allocative, Cost and Scale
Efficiencies in Bangladesh Rice Cultivation: A Non-parametric Approach.
Journal of Agricultural Economics, 53(3), 607-626.
https://doi.org/10.1111/j.1477-9552.2002.th00040.x

Coelli, T., Rao, D. S. P., O’Donnell, C. J., & Battese, G. E. (2005). An Introduction to
Efficiency Analysis and Productivity Analysis (Second Edi). Springer.

133



Coulibaly, A. D., & Savadogo, K. (2020). Does fertiliser subsidy increase maize
productivity in Burkina Faso? Development in Practice, 30(3), 283-296.
https://doi.org/10.1080/09614524.2019.1670783

Cullinane, K., Wang, T.-F., Song, D.-W., & Ji, P. (2006). The technical efficiency of
container ports: Comparing data envelopment analysis and stochastic frontier
analysis. Transportation Research Part A: Policy and Practice, 40(4), 354
374. https://doi.org/10.1016/j.tra.2005.07.003

Dahmardeh, N., & Shahraki, A. S. (2014). Evaluation Factors Affecting of Risk
Production in Sistan Grape Growers by using Stochastic Frontier Approach.
International Journal of Agricultural Management and Development.
https://doi.org/10.5455/ijamd.16008

Dardak, R. A. (2017). Trends in Production, Trade, and Consumption of Tropical Fruit
in Malaysia. FFTC Agricultural Policy Platform, 1-8.

Darku, A. B., Malla, S., & Tran, K. C. (2013). Historical Review of Agricultural
Efficiency Studies. CAIRN.

Debreu, G. (1951). The Coefficient of Resource Utilization. Econometrica, 19(3), 273.
https://doi.org/10.2307/1906814

Department of Agriculture. (2001). Nanas Industri Berpotensi.

Department of Agriculture. (2017). Crop Statistic.
http://www.doa.gov.my/index/resources/aktiviti_sumber/sumber_awam/makl
umat_pertanian/perangkaan_tanaman/perangkaan_buah_2017

Department of Agriculture. (2021a). Inventori Varieti Tanaman di Pusat Pertanian. In
Ministry of Agriculture and Food Industry (Issue 1).

Department of Agriculture. (2021b). Senarai Daftar Varieti Tanaman (2015 - 2021). In
Ministry of Agriculture and Food Industry.
http://www.doa.gov.my/index/resources/perkhidmatan/khidmat_teknikal/sena
rai_varieti_tanaman_2015 2021.pdf

Department of Agriculture. (2022). Varieties registered for national crop list. Plant
Variety Protection, 1-57. http://pvpbkkt.doa.gov.my/

Department of Statistics Malaysia. (2021, August 26). Supply and Utilization Accounts
Selected Agricultural Commodities, Malaysia 2016-2020.
https://mww.dosm.gov.my/v1/index.php?r=column/cthemeByCat&cat=164&
bul_id=cHgwanhNdU4vWXRvc3pnZU9xSjZTUT09&menu_id=Z0VTZGU1
UHBUT1VJMFIpaXRRR0xpdz09

Dessale, M. (2019). Analysis of technical efficiency of small holder wheat-growing
farmers of Jamma district, Ethiopia. Agriculture and Food Security, 8(1), 1-8.
https://doi.org/10.1186/s40066-018-0250-9

Dhehibi, B., Alimari, A., Haddad, N., & Aw-Hassan, A. (2014). Technical efficiency
and its determinants in food crop production: A case study of farms in West

134



Bank, Palestine. Journal of Agricultural Science and Technology, 16(4), 717—
730.

Economic Planning Unit. (1966). First Malaysia Plan (1966-1970).
Economic Planning Unit. (1971). Second Malaysia Plan (1971-1975).
Economic Planning Unit. (1976). Third Malaysia Plan (1976-1980).

Economic Planning Unit. (1980). Fourth Malaysia Plan (1981-1985).
http://www.pmo.gov.my/dokumenattached/RMK/RM4.pdf

Economic Planning Unit. (1986). Fifth Malaysia Plan 1986-1990.

Economic Planning Unit. (1991). Sixth Malaysia Plan (1990-1995). In Kementerian
Komunikasi dan Multimedia.

Economic Planning Unit. (1996). Seventh Malaysia Plan (1996-2000).

Economic Planning Unit. (2001). Eighth Malaysia Plan (2001-2005). In Rancangan
Malaysia ke-9.

Economic Planning Unit. (2006). Ninth Malaysia Plan (2006-2010).
Economic Planning Unit. (2011). Tenth Malaysia Plan (2011-2015).

Economic Planning Unit. (2015). Eleventh Malaysia Plan (2016-2020).
http://rmk11.epu.gov.my/book/eng/Elevent-Malaysia-Plan/RMKe-11
Book.pdf

Economic Planning Unit. (2021). Twelfth Malaysia Plan (2021-2025).

El-Shater, T., Mugera, A., & Yigezu, Y. A. (2020). Implications of adoption of zero
tillage (ZT) on productive efficiency and production risk of wheat production.
Sustainability (Switzerland), 12(9), 1-13. https://doi.org/10.3390/s5u12093640

Elias, A., Nohmi, M., Yasunobu, K., Ishida, A., & Alene, A. D. (2013). The effect of
agricultural extension service on the technical efficiency of teff (Eragrostistef)
producers in Ethiopia. American Journal of Applied Sciences, 11(2), 223-239.
https://doi.org/10.3844/ajassp.2014.223.239

Eling, M., & Luhnen, M. (2010). Frontier efficiency methodologies to measure
performance in the insurance industry: Overview, systematization, and recent
developments. Geneva Papers on Risk and Insurance: Issues and Practice,
35(2), 217-265. https://doi.org/10.1057/gpp.2010.1

Fadzim, W. R., Aziz, M. I. A,, Mat, S. H. C., & Maamor, S. (2016). Estimating the
technical efficiency of smallholder cocoa farmers in Malaysia. International
Journal of Economics and Financial Issues, 6(7Special Issue), 1-5.

Fére, R., Grosskopf, S., & Lovell, C. A. K. (1985). The Measurement of Efficiency of
Production. In The Measurement of Efficiency of Production.

135



https://doi.org/10.1007/978-94-015-7721-2

Farrell, M. J. (1957). The Measurement of Productive Efficiency. Journal of the Royal
Statistical Society. Series A (General), 120(3), 253.
https://doi.org/10.2307/2343100

Federal Agricultural Marketing Authority. (2020). Laporan Harga Purata Segar
Komoditi Pertanian Terpilih (2000-2020).

Ferdushi, K. F., & Kamil, A. A. (2020). The technical efficiency of transplanted aman
rice farms in bangladesh. Scientific Papers of the University of Pardubice,
Series D: Faculty of Economics and Administration, 28(2).
https://doi.org/10.46585/sp28021069

Ferreira, D. C., Nunes, A. M., & Marques, R. C. (2020). Optimizing payments based on
efficiency, quality, complexity, and heterogeneity: the case of hospital funding.
International Transactions in Operational Research, 27(4), 1930-1961.
https://doi.org/10.1111/itor.12713

Food and Agriculture Organization of the United Nations. (2020). Crops and Livestock
Products. http://www.fao.org/faostat/en/#data/QC

Farsund, F. R., Lovell, C. A. K., & Schmidt, P. (1980). A survey of frontier production
functions and of their relationship to efficiency measurement. Journal of
Econometrics, 13(1), 5-25. https://doi.org/10.1016/0304-4076(80)90040-8

Frangu, B., Popp, J. S., Thomsen, M., & Musliu, A. (2018). Evaluating greenhouse
tomato and pepper input efficiency use in Kosovo. Sustainability (Switzerland),
10(8), 1-14. https://doi.org/10.3390/su10082768

Fried, H. O., Knox Lovell, C. A., & Schmidt, S. S. (2008). The Measurement of
Productive Efficiency and Productivity Change. In H. O. Fried, C. A. K. Lovell,
& S. S. Schmidt (Eds.), Efficiency and Productivity. Oxford University Press.
https://doi.org/10.1093/acprof:0s0/9780195183528.001.0001

Fried, H. O., Lovell, C. A. K., & Shelton, S. S. (2008). Efficiency and Productivity. In
The Measurement of Productive Efficiency and Productivity Change (pp. 3-
91). Oxford University Press.
https://doi.org/10.1093/acprof:0s0/9780195183528.003.0001

Fufa, B., & Hassan, R. M. (2003). Stochastic Maize Production Technology And
Production Risk Analysis In Dadar District, East Ethiopia. Agrekon, 42(2),
116-128. https://doi.org/10.1080/03031853.2003.9523615

Gadanakis, Y., Bennett, R., Park, J., & Areal, F. J. (2015). Improving productivity and
water use efficiency: A case study of farms in England. Agricultural Water
Management, 160, 22-32. https://doi.org/10.1016/j.agwat.2015.06.020

Gedara, K. M., Wilson, C., Pascoe, S., & Robinson, T. (2012). Factors Affecting
Technical Efficiency of Rice Farmers in Village Reservoir Irrigation Systems
of Sri Lanka. Journal of Agricultural Economics, 63(3), 627-638.
https://doi.org/10.1111/j.1477-9552.2012.00343.x

136



Ghee-Thean, L., & Ismail, M. M. (2012). Efficiency Performance of Paddy Farming in
East and West Coast of Peninsular Malaysia. International Journal of
Agricultural Research, 8(1), 42—48. https://doi.org/10.3923/ijar.2013.42.48

Gorton, M., & Davidova, S. (2004). Farm productivity and efficiency in the CEE
applicant countries: a synthesis of results. Agricultural Economics, 30(1), 1-
16. https://doi.org/10.1016/j.agecon.2002.09.002

Greene, W. H. (2008). The Econometric Approach to Efficiency Analysis. In The
Measurement of Productive Efficiency and Productivity Change.
https://doi.org/10.1093/acprof:0s0/9780195183528.003.0002

Gujarati, D. N. (2004). Basic Econometrics. In McGraw-Hill. McGraw-Hill.
https://doi.org/10.1596/1813-9450-8096

Gul, M., Koc, B., Dagistan, E., Akpinar, M. G., & Parlakay, O. (2009). Determination
Of Technical Efficiency In Cotton Growing Farms In Turkey: A Case Study Of
Cukurova Region. African Journal of Agricultural Research.

Haghiri, M., Nolan, J. F., & Tran, K. C. (2004). Assessing the impact of economic
liberalization across countries: A comparison of dairy industry efficiency in
Canada and the USA. Applied Economics, 36(11), 1233-1243.
https://doi.org/10.1080/0003684042000247406

Hakim, R., Haryanto, T., & Sari, D. W. (2021). Technical efficiency among agricultural
households and determinants of food security in East Java, Indonesia. Scientific
Reports, 11(1), 1-9. https://doi.org/10.1038/s41598-021-83670-7

Hamid, M. J. A. (2010). Demand for New Technology for Pineapple Planters. Prosiding
Perkem V, JILID 2 (2010) 368 — 381, 2, 368-381.

Hardarker, J. B., Huirne, R. B. M., Anderson, J. R., & Lien, G. (2004). Coping with risk
in agriculture. In J. B. Hardaker, R. B. M. Huirne, J. R. Anderson, & G. Lien
(Eds.), CABI Publishing. CABI. https://doi.org/10.1079/9780851998312.0000

Haryanto, T., Talib, B. A., & Salleh, N. H. M. (2016). Technical efficiency and
technology gap in Indonesian rice farming. Agris On-Line Papers in Economics
and Informatics, 8(3), 29-38. https://doi.org/10.7160/a0l.2016.080303

Hasan, N. A. (2022, March 2). MAFI komited bantu pengusaha nanas. Sinar Harian, 1
7. https://www.kosmo.com.my/2022/03/02/mafi-komited-bantu-pengusaha-
nanas/

Hazneci, E., & Ceyhan, V. (2015). Measuring the Productive Efficiency and Identifying
the Inefficiency Determinants of Dairy Farms in Amasya Province, Turkey.
Journal of Agriculture and Environmental Sciences, 4(1), 100-107.
https://doi.org/10.15640/jaes.v4nl1al3

Helfand, S. M. (2003). Farm Size and the Determinants of Productive Efficiency in the

Brazilian Center-West. 25th International Conference of Agricultural
Economists.

137



Heng, S. H. (2019). Pengurusan Terbaik untuk Produktiviti dan Kemampanan
Pengeluaran Nanas MD2 di Tanah Gambut. In Seminar Perkembangan
Semasa, Peningkatan Pengeluaran Produktiviti dan Pemasaran Nanas MD2.
International Tropical Fruits Network (TFNet).

Herigbaldi, U., Purwono, R., Haryanto, T., & Primanthi, M. R. (2015). An analysis of
technical efficiency of rice production in Indonesia. Asian Social Science,
11(3), 91-102. https://doi.org/10.5539/ass.v11n3p91

Hidayati, B., Yamamoto, N., & Kano, H. (2019). Investigation of production efficiency
and socio-economic factors of organic rice in sumber Ngepoh District,
Indonesia. Journal of Central European Agriculture, 20(2), 748-758.
https://doi.org/10.5513/JCEA01/20.2.2143

Hollingsworth, B., Dawson, P. J., & Maniadakis, N. (1999). Efficiency Measurement Of
Health Care: A Review Of Non-Parametric Methods And Applications. Health
Care Management Science, 2. https://doi.org/10.1023/A:1019087828488

Hoque, F., Akter, A., & Rungsuriyawiboon, S. (2019). Measuring technical efficiency
of bottle gourd and brinjal farming in Dhaka district of Bangladesh: Stochastic
frontier approach. Journal of Applied Horticulture, 21(3), 182-188.
https://doi.org/10.37855/jah.2019.v21i03.31

Hosnan, M. A (2017a). Nanas di Muar.
http://animhosnan.blogspot.com/2017/07/nenas-di-daerah-muar.html

Hosnan, M. A (2017b). Weeds Remover- An Innovation.
http://animhosnan.blogspot.com/2017/10/alat-mushah-rumput-amr-satu-
inovasi.html

Hosnan, M. A. (2018). Pineapple farmers association officiated.
http://animhosnan.blogspot.com/2018/11/persatuan-penanam-nanas-di-
lancar.html

Hosnan, M. A. (2022). Fertilizer and Hormone for MD2 Pineapple (Part 3).
http://animhosnan.blogspot.com/2022/04/kesan-pembajaan-dan-hormon-
nanas-md2_7.html

Houngue, V., & Nonvide, G. M. A. (2020). Estimation and determinants of efficiency
among rice farmers in Benin. Cogent Food and Agriculture, 6(1).
https://doi.org/10.1080/23311932.2020.1819004

Iconspng. (2022). Map of Johor. https://www.iconspng.com/images/map-of-johor-
malaysia/map-of-johor-malaysia.jpg

Idris, N. D. M., Siwar, C., & Talib, B. (2013). Determinants of technical efficiency on
pineapple farming. American Journal of Applied Sciences, 10(4), 426-432.
https://doi.org/10.3844/ajassp.2013.426.432

Iliyasu, A., Mohamed, Z. A., Ismail, M. M., & Abdullah, A. M. (2014). A Meta-Analysis

of Technical Efficiency in Aquaculture. Journal of Applied Aquaculture, 26(4),
329-339. https://doi.org/10.1080/10454438.2014.959829

138



International Tropical Fruits Network. (2019). Perkembangan Terkini di dalam
Pembangunan Nanas Jenis Segar MD2 di Malaysia. Perkembangan Semasa
Dan Peningkatan Pengeluaran Produktiviti Dan Pemasaran Nanas MD2, 64.

Ismail, E. A.-R. (2015). A Tobit Regression Approach based on DEA Efficiency Scores.
Global Journal of Engineering Science and Research Management, 2(4), 1-7.

Jaenicke, E. C., Frechette, D. L., & Larson, J. A. (2003). Estimating Production Risk and
Inefficiency Simultaneously: An Application to Cotton Cropping Systems.
Journal of Agricultural and Resource Economics, 28(3), 540-557.

Jaji, K., Man, N., & Nawi, N. M. (2018). Factors Affecting Pineapple Market Supply In
Johor, Malaysia. International Food Research Journal, 25(1), 366-375.

Johnes, G., & Virmani, S. (2020). The efficiency of private and public schools in urban
and rural areas: moving beyond the development goals. International
Transactions in Operational Research, 27(4), 1869-1885.
https://doi.org/10.1111/itor.12658

Jondrow, J., Knox Lovell, C. A., Materov, I. S., & Schmidt, P. (1982). On the estimation
of technical inefficiency in the stochastic frontier production function model.
Journal of Econometrics. https://doi.org/10.1016/0304-4076(82)90004-5

Joseph, K. T., Chew, W. Y., & Tay, T. H. (1974). Potential of Peat for Agriculture.

Just, R. E., & Pope, R. D. (1978). Stochastic specification of production functions and
economic  implications. Journal of Econometrics, 7(1), 67-86.
https://doi.org/10.1016/0304-4076(78)90006-4

Kahan, D. (2008). Managing Risk in Farming. In Food And Agriculture Organization
Of The United Nations (Vol. 53, Issue 9, p. 119). Food And Agriculture
Organization Of The United Nations.

Kaka, Y., Shamsudin, M. N., Latif, I. A., & Radam, A. (2020). Paddy Production In
Malaysia: A Flexible Risk Stochastic Frontier Production Function Analysis.
International Journal of Agriculture Environment and Bioresearch, 05(05),
86-101. https://doi.org/10.35410/IJAEB.2020.5555

Kane, G. Q., Fondo, S., & Oyekale, A. S. (2012). Efficiency of Groundnuts / Maize
Intercropped Farms in Zoetele , South Cameroon: A Data Envelopement
Approach. Life Science Journal 2012;9(4), 9(4).

Kara, A. H., Shamsudin, M. N., Mohamed, Z., Latiff, I. B., & Seng, K. W. K. (2019a).
Estimation of Technical Efficiency for Rice Farms in Kebbi State: A Data
Envelopment Analysis (DEA) Approach. I0SR Journal of Agriculture and
Veterinary Science, 12(5), 25-31.

Kara, A. H., Shamsudin, M. N., Mohamed, Z., Latiff, I. B., & Seng, K. W. K. (2019b).
Modeling Technical Efficiency With Production Risk: A breakdown of Kebbi
State rice farms. Advances in Environmental Biology, 13(7), 17-24.
https://doi.org/10.22587/aeb.2019.13.7.3

139



Kara, A. H., Shamsudin, M. N., Mohamed, Z., Latiff, I. B., & Seng, K. W. K. (2019c).
Technical Efficiency and Production Risk of Rice Farms under Anchor
Borrowers Programme in Kebbi State, Nigeria. Asian Journal of Agricultural
Extension, Economics & Sociology, 31(4), 1-12.
https://doi.org/10.9734/ajaees/2019/v31i430141

Karimov, A. (2013). Productive efficiency of potato and melon growing farms in
uzbekistan: A two stage double bootstrap data envelopment analysis.
Agriculture (Switzerland), 3(3), 503-515.
https://doi.org/10.3390/agriculture3030503

Karimov, A., Amoke Awotide, B., & Timothy Amos, T. (2014). Production and scale
efficiency of maize farming households in South-Western Nigeria.
International Journal of Social Economics, 41(11), 1087-1100.
https://doi.org/10.1108/1JSE-12-2012-0260

Kasim, N. A., Megawati, M., Arifah, A., & Hidayati, W. (2019). Production Risk of
Seaweed Cultivation in South Sulawesi: Comparison between Cobb-Douglas
and Just-Pope Production Function. International Journal of Agriculture
System, 7(2), 127. https://doi.org/10.20956/ijas.v7i2.2090

Kea, S., Li, H., & Pich, L. (2016). Technical efficiency and its determinants of rice
production in Cambodia. Economies, 4(4), 1-17.
https://doi.org/10.3390/economies4040022

Kebede, T. A. (2001). Farm household technical efficiency: A stochastic frontier
analysis. A Study of Rice Producers in Mardi Watershed In the Western
Development Region of Nepal (Issue June). Agricultural University of Norway.

Khai, H. V., & Yabe, M. (2011). Technical efficiency analysis of rice production in
Vietnam. Journal of ISSAAS, 17(1), 135-146.

Khan, A. A. A, Ali, S,, Khan, A. A. A,, Wagas, M., & Khan, S. U. (2020). Technical
efficiency of maize in district lakki marwat of Khyber Pakhtunkhwa, Pakistan.
Sarhad Journal of Agriculture, 36(2).
https://doi.org/10.17582/JOURNAL.SJA/2020/36.2.402.410

Khan, A. A, Ali, S., Khan, A. A., Wagas, M., & Khan, S. U. (2020). Technical efficiency
of maize in district lakki marwat of Khyber Pakhtunkhwa, Pakistan. Sarhad
Journal of Agriculture, 36(2).
https://doi.org/10.17582/JOURNAL.SJA/2020/36.2.402.410

Khan, A., Guttormsen, A., & Roll, K. H. (2018). Production risk of pangas (Pangasius
hypophthalmus) fish farming. Aquaculture Economics and Management, 22(2),
192-208. https://doi.org/10.1080/13657305.2017.1284941

Khan, M. A., Begum, R., Nielsen, R., & Hoff, A. (2021). Production risk, technical
efficiency, and input use nexus: Lessons from Bangladesh aquaculture. Journal
of the World Aquaculture Society, 52(1), 57-72.
https://doi.org/10.1111/jwas.12767

140



Khoshnevisan, B., Rafiee, S., Omid, M., & Mousazadeh, H. (2013). Applying data
envelopment analysis approach to improve energy efficiency and reduce GHG
(greenhouse gas) emission of wheat production. Energy, 58, 588-593.
https://doi.org/10.1016/j.energy.2013.06.030

Khoshroo, A., & lzadikhah, M. (2019). Improving efficiency of farming products
through benchmarking and data envelopment analysis. International Journal of
Management and Decision Making, 18(1), 15-30.
https://doi.org/10.1504/ijmdm.2019.096691

Koirala, K. H., Mishra, A. K., & Mohanty, S. (2013). Determinants of Rice Productivity
and Technical Efficiency in the Philippines. Southern Agricultural Economics
Association  (SAEA)  Annual  Meeting,  October 2015, 1-16.
https://doi.org/10.13140/2.1.3275.1360

Koopmans, T. C. (1951). An Analysis of Production as an Efficient Combination of
Activities. In Activity Analysis of Production and Allocation.

Kumbhakar, Sabul C. (1993). Production risk, technical efficiency, and panel data.
Economics  Letters,  41(1), 11-16.  https://doi.org/10.1016/0165-
1765(93)90103-J

Kumbhakar, Subal C. (2002). Specification and Estimation of Production Risk, Risk
Preferences and Technical Efficiency. American Journal of Agricultural
Economics, 84(1), 8-22. https://doi.org/10.1111/1467-8276.00239

Kumbhakar, Subal C., & Lovell, C. A. K. (2000). Stochastic Frontier Analysis. In
Stochastic Frontier ~ Analysis. Cambridge University Press.
https://doi.org/10.1017/CB09781139174411

Lachaud, M. A., Bravo-Ureta, B. E., & Ludena, C. E. (2017). Agricultural productivity
in Latin America and the Caribbean in the presence of unobserved
heterogeneity and climatic effects. Climatic Change, 143(3-4), 445-460.
https://doi.org/10.1007/s10584-017-2013-1

Laha, A., & Kuri, P. K. (2011). Measurement of allocative efficiency in agriculture and
its determinants: Evidence from rural west Bengal, India. International Journal
of Agricultural Research, 6(5). https://doi.org/10.3923/ijar.2011.377.388

Legesse, B., & Drake, L. (2005). Determinants of smallholder farmers’ perceptions of
risk in the Eastern Highlands of Ethiopia. Journal of Risk Research, 8(5), 383—
416. https://doi.org/10.1080/1366987042000192426

Lemessa, S. D., Yismawu, M. A., Daksa, M. D., & Watabaji, M. D. (2017). Risk
Adjusted Production Efficiency of Maize Farmers in Ethiopia: Implication for
Improved Maize Varieties Adoption. Turkish Journal of Agriculture - Food
Science and Technology, 5(9), 1099. https://doi.org/10.24925/turjaf.v5i9.1099-
1107.1339

Li, M., & Sicular, T. (2013). Aging of the labor force and technical efficiency in crop

production: Evidence from Liaoning province, China. China Agricultural
Economic Review, 5(3), 342-359. https://doi.org/10.1108/CAER-01-2012-

141



0001

Lin, R. M., & Rahman, A. A. (2010). Status and impact of pineapple technology on
mineral soil. Economic and Technology Management Review, 5, 11-19.

Love, H. A., & Buccola, S. T. (1991). Joint Risk Preference-Technology Estimation with
a Primal System. American Journal of Agricultural Economics, 73(3), 765—
774. https://doi.org/10.2307/1242829

Lovell, C. A. K. (1993). Production Frontiers and Productive Efficiency. In
Measurement of Productive Efficiency (pp. 3-67). Oxford University Press.

Lubadde, G., Tongoona, P., Derera, J., & Sibiya, J. (2016). Production Determinants of
the Pearl Millet Cropping System in Uganda and Implications to Productivity.
Journal of Agricultural Science, 8(7), 97. https://doi.org/10.5539/jas.v8n7p97

Lubis, R., Daryanto, A., Tambunan, M., & Purwati, H. (2014). Technical, Allocative and
Economic Efficiency of Pineapple Production in West Java Province,
Indonesia: A DEA Approach. 10SR Journal of Agriculture and Veterinary
Science, 7(6), 18-23. https://doi.org/10.9790/2380-07631823

Ma, W., Renwick, A., Yuan, P., & Ratha, N. (2018). Agricultural cooperative
membership and technical efficiency of apple farmers in China: An analysis
accounting for selectivity bias. Food Policy, 81(October), 122-132.
https://doi.org/10.1016/j.foodpol.2018.10.009

Madau, F. A. (2012). Technical and scale efficiency in the Italian Citrus Farming: A
comparison between Stochastic Frontier Analysis (SFA) and Data
Envelopment Analysis(DEA) Models. MPRA Paper No. 41403, 41403.
http://mpra.ub.uni-muenchen.de/41403/

Mailena, L., Shamsudin, M. N., Radam, A., & Mohamed, Z. (2014). Efficiency of Rice
Farms and its Determinants: Application of Stochastic Frontier Analysis.
Trends in Applied Sciences Research, 9(7), 360-371.
https://doi.org/10.3923/tasr.2014.360.371

Majumder, S., Bala, B. K., Arshad, F. M., Haque, M. A., & Hossain, M. A. (2016). Food
security through increasing technical efficiency and reducing postharvest losses
of rice production systems in Bangladesh. Food Security, 8(2), 361-374.
https://doi.org/10.1007/s12571-016-0558-x

Malaya. (1957). First Malaya Plan (1957-1960).

Malaya. (1961). Second Malaya Plan (1961-1965).

Malaysian Pineapple Industry Board. (2003). MPIB Annual Report 2002.

Malaysian Pineapple Industry Board. (2005). MPIB Annual Report 2004,

Malaysian Pineapple Industry Board. (2006). MPIB Annual Report 2005.

Malaysian Pineapple Industry Board. (2007). MPIB Annual Report 2006.

142



Malaysian Pineapple Industry Board. (2008). MPIB Annual Report 2007.
Malaysian Pineapple Industry Board. (2009). MPIB Annual Report 2008.
Malaysian Pineapple Industry Board. (2010). MPIB Annual Report 2009.

Malaysian Pineapple Industry Board. (2012). Perangkaan Industri Nanas Malaysia
2012 (p. 66).

Malaysian Pineapple Industry Board. (2013). MPIB Annual Report 2012,
Malaysian Pineapple Industry Board. (2014). MPIB Annual Report 2013.

Malaysian Pineapple Industry Board. (2015). Census Report for Pineapple Crop in
Malaysia 2014.

Malaysian Pineapple Industry Board. (2016a). Maklumat Statistik Industri Nanas 2016.

Malaysian Pineapple Industry Board. (2016b). MPIB Annual Report 2015.

Malaysian Pineapple Industry Board. (2016c). MPIB Strategic Planning 2016-2020.

Malaysian Pineapple Industry Board. (2018). MPIB Coffee Table Book.
http://www.mpib.gov.my/wp-admin/admin-ajax.php?action=useyourdrive-
download&id=1uzZEIXIg9sm4FJE8KpgsFgL_ITOhmh7z&dl=1&listtoken=3
ec3a982723f71f2f6a6edc6f7d08663

Malaysian Pineapple Industry Board. (2019a). Maklumat Statistik Industri Nanas 2018.

Malaysian Pineapple Industry Board. (2019b). MPIB Annual Report 2018.

Malaysian Pineapple Industry Board. (2019c). MPIB Strategic Planning 2019-2025.

Malaysian Pineapple Industry Board. (2020a). Maklumat dan Data Nanas Malaysia.

Malaysian Pineapple Industry Board. (2020b). MPIB Annual Report 2019.

Malaysian Pineapple Industry Board. (2021a). List of Pineapple Smallholders.

Malaysian Pineapple Industry Board. (2021b). Maklumat Statistik Nanas 2020. In
Malaysian Pineapple Industry Board.

Malaysian Pineapple Industry Board. (2022). MPIB Annual Report 2020.

Malaysian Pineapple Industry Board. (1995). Prosiding Seminar Industri Nanas 1995.
Prosiding Seminar Industri Nanas '95, 195.

Malaysian Pineapple Industry Board. (1988). Prosiding Seminar Kebangsaan Industri
Nanas 1988. Prosiding Seminar Kebangsaan Industri Nanas 88, 187.

Mallikarjun, S., Lewis, H. F., & Sexton, T. R. (2014). Operational performance of U.S.
public rail transit and implications for public policy. Socio-Economic Planning
Sciences, 48(1), 74-88. https://doi.org/10.1016/j.seps.2013.08.001

143



Mamilianti, W., Hanani, N., Mustadjab, M. M., & Asmara, R. (2019). Risk preference
of farmers and production input allocation of potato farming in Tengger
Highland, Indonesia. EurAsian Journal of BioSciences, 13(2), 1777-1783.

Maragos, E. K., Maravelakis, P. E., & Linardis, A. I. (2021). A DEA evaluation of the
successful implementation of HEALTH2020 policies. Socio-Economic
Planning Sciences, 76(September), 100968.
https://doi.org/10.1016/j.seps.2020.100968

Mareth, T., Thomé, A. M. T., Scavarda, L. F., & Cyrino Oliveira, F. L. (2017). Technical
efficiency in dairy farms: Research framework, literature classification and
research agenda. International Journal of Productivity and Performance
Management, 66(3), 380—404. https://doi.org/10.1108/IJPPM-09-2015-0131

Martin, J. P., & Page, J. M. (1983). The Impact of Subsidies on X-Efficiency in LDC
Industry: Theory and an Empirical Test. The Review of Economics and
Statistics, 65(4), 608. https://doi.org/10.2307/1935929

Mazdek, N. R. N., Suntharalingam, C., & Othman, M. F. (2017). Competitiveness of
Malaysia’s Fruits in the Global Market: Revealed Comparative Advantage
Analysis. Malaysian Journal of Mathematical Sciences, 11(Conference on
Agriculture Statistics 2015), 143-157.
https://einspem.upm.edu.my/journal/fullpaper/vol11sfeb/9. Chubashini.pdf

Mbaga, M. D., Romain, R., Larue, B., & Lebel, L. (2003). Assessing technical efficiency
of Québec dairy farms. Canadian Journal of Agricultural Economics, 51(1),
121-137. https://doi.org/10.1111/j.1744-7976.2003.tb00169.x

Meeusen, W., & van Den Broeck, J. (1977). Efficiency Estimation from Cobb-Douglas
Production Functions with Composed Error. International Economic Review,
18(2), 435. https://doi.org/10.2307/2525757

Mengui, K. C., Oh, S., & Lee, S. H. (2019). The technical efficiency of smallholder irish
potato producers in santa subdivision, Cameroon. Agriculture (Switzerland),
9(12), 1-13. https://doi.org/10.3390/agriculture9120259

Ministry of Agriculture and Food Industries. (1984). National Agricultural Policy (1984-
1991).

Ministry of Agriculture and Food Industries. (1992). National Agriculture Policy Il
(1992-2010).

Ministry of Agriculture and Food Industries. (1998). National Agricultural Policy Il
(1998-2010).

Ministry of Agriculture and Food Industries. (2008). National Food Security Policy
(2008-2010).

Ministry of Agriculture and Food Industries. (2010). Third National Agricultural Policy
(1998 - 2010) Executive Summary.

Ministry of Agriculture and Food Industries. (2011). National Agro-Food Policy .

144



Ministry of Agriculture and Food Industries. (2021a). National Agro-Food Policy 2.0.

Ministry of Agriculture and Food Industries. (2021b). National Agrofood Policy 2021-
2030 (NAP 2.0) Executive Summary.
https://www.mafi.gov.my/documents/20182/361765/Executive+Summary+Na
tional+Agrofood+Policy+2021-2030+%28NAP+2.0%29-min.pdf/2320d744-
0335-4d68-80bd-9f0e4641232a

Ministry of Agriculture and Food Industries. (2021c). National Food Security Policy
Action Plan (2021-2025).

Minviel, J. J., & Latruffe, L. (2017). Effect of public subsidies on farm technical
efficiency: a meta-analysis of empirical results. Applied Economics, 49(2),
213-226. https://doi.org/10.1080/00036846.2016.1194963

Mishra, A. K., Rezitis, A. N., & Tsionas, M. G. (2019a). Estimating Technical Efficiency
and Production Risk under Contract Farming: A Bayesian Estimation and
Stochastic Dominance Methodology. Journal of Agricultural Economics,
70(2), 353-371. https://doi.org/10.1111/1477-9552.12291

Mishra, A. K., Rezitis, A. N., & Tsionas, M. G. (2019b). Production under input
endogeneity and farm-specific risk aversion: evidence from contract farming
and Bayesian method. European Review of Agricultural Economics, 1-28.
https://doi.org/10.1093/erae/jbz027

Mohamad, A. H. H., Ab-Rahim, R., & Mohamad, N. N. (2022). Competitiveness of
Pineapple: Focus on The Southeast Asian Region. International Journal of
Academic Research in Business and Social Sciences, 12(5), 205-214.
https://doi.org/10.6007/ijarbss/v12-i5/13275

Moise, K. B. S., Alidou, A.-l., & Ambaliou, O. O. (2022). Technical efficiency of
pineapple production and challenges in Southern Benin. African Journal of
Agricultural Research, 18(7), 522-534.
https://doi.org/10.5897/AJAR2021.15677

Mor, S., & Sharma, S. (2012). Technical efficiency and supply chain practices in
dairying: The case of India. Agricultural Economics, 58(2), 85-91.
https://doi.org/10.17221/11/2011-agricecon

Moreira L6pez, V. H., & Bravo-Ureta, B. E. (2009). A Study of Dairy Farm Technical
Efficiency Using Meta-Regression: An International Perspective. Chilean
Journal of Agricultural Research, 69(2). https://doi.org/10.4067/S0718-
58392009000200011

Moschini, G., & Hennessy, D. A. (2001). Chapter 2 Uncertainty, risk aversion, and risk
management for agricultural producers. Economic Staff Paper Series, 315, 87—
153. https://doi.org/10.1016/S1574-0072(01)10005-8

Muhammad, B. (2018). Production Risk and Technical Efficiency of Cotton Production
in the Northeast Zone of Nigeria. Universiti Putra Malaysia.

145



Mukhtar, U., Mohamed, Z., Shamsuddin, M. N., Sharifuddin, J., & lliyasu, A. (2018).
Application of data envelopment analysis for technical efficiency of
smallholder pearl millet farmers in Kano state, Nigeria. Bulgarian Journal of
Agricultural Science, 24(2), 213-222.

Musa, N. (2019). Penyakit Utama Tanaman Nanas di Malaysia — Kajian Kes Serangan
Penyakit Reput Teras di negeri Pahang dan Johor. Seminar Perkembangan
Semasa Dan Peningkatan Pengeluaran Produktiviti Dan Pemasaran Nanas
MD2.

Nagvi, S. A. A., & Ashfag, M. (2014). Estimation of technical efficiency and it’s
determinants in the hybrid maize production in district chiniot: A cobb-douglas
model approach. Pakistan Journal of Agricultural Sciences, 51(1), 181-185.

Nauges, C., Odonnell, C. J., & Quiggin, J. (2011). Uncertainty and technical efficiency
in Finnish agriculture: A state-contingent approach. European Review of
Agricultural Economics, 38(4), 449-467. https://doi.org/10.1093/erae/jbr014

Ngango, J., & Hong, S. (2021). Improving farm productivity through the reduction of
managerial and technology gaps among farmers in Rwanda. Agriculture &
Food Security, 10(1), 11. https://doi.org/10.1186/s40066-020-00284-4

Ngango, J., & Kim, S. G. (2019). Assessment of Technical Efficiency and Its Potential
Determinants among Small-Scale Coffee Farmers in Rwanda. Agriculture,
9(7), 161. https://doi.org/10.3390/agriculture9070161

Nguyen, H. D., Ngo, T., Le, T. D. Q., Ho, H., & Nguyen, H. T. H. (2019). The role of
knowledge in sustainable agriculture: Evidence from rice farms’ technical
efficiency in Hanoi, Vietnam. Sustainability (Switzerland), 11(9).
https://doi.org/10.3390/su11092472

Nkegbe, P. K. (2018). Credit access and technical efficiency of smallholder farmers in
Northern Ghana: Double bootstrap DEA approach. Agricultural Finance
Review, 78(5), 626-639. https://doi.org/10.1108/AFR-03-2018-0018

Nodin, M. N., Mustafa, Z., & Hussain, S. I. (2021). Assessing rice production efficiency
of the granary and non-granary areas in Malaysia using data envelopment
analysis approach. Journal of Physics: Conference Series, 1988(1), 012110.
https://doi.org/10.1088/1742-6596/1988/1/012110

Norman, D. W. (1973). Methodology and problems of farm management investigations:
Experiences from Northern Nigeria. Department of Agricultural Economics,
Michigan State University.

Novickyté, L. (2018). Income Risk Management in Agriculture using Financial Support.
European Journal of Sustainable Development, 7(4), 191-202.
https://doi.org/10.14207/ejsd.2018.v7n4p191

Obi, A., & Ayodeji, B. T. (2020). Determinants of Economic Farm-Size-Efficiency
Relationship in Smallholder Maize Farms in the Eastern Cape Province of
South Africa. Agriculture, 10(4), 98.
https://doi.org/10.3390/agriculture10040098

146



Odedokun, V. O. (2015). Economic analysis of cotton production and supply trend
estimation in Zamfara Stata. Ahmadu Bello University, Zaria, Nigeria.

Ofori-Appiah, Y., Onumah, E. E., & Asem, F. E. (2022). Efficiency and productivity
analysis of pineapple farmers in the Akwapim-South District of Ghana: A
distance function approach. African Journal of Science, Technology, Innovation
and Development, 14(2), 512-522.
https://doi.org/10.1080/20421338.2020.1857544

Ogundari, K. (2008). Resource-productivity, allocative efficiency and determinants of
technical efficiency of rainfed rice farmers: A guide for food security policy in
Nigeria. Agricultural Economics (Zemédélska Ekonomika), 54(No. 5), 224—
233. https://doi.org/10.17221/246-AGRICECON

Ogundari, K. (2014). The Paradigm of Agricultural Efficiency and its Implication on
Food Security in Africa: What Does Meta-analysis Reveal? World
Development, 64, 690-702. https://doi.org/10.1016/j.worlddev.2014.07.005

Ogundari, K., & Akinbogun, O. O. (2010). Modeling Technical Efficiency with
Production Risk: A Study of Fish Farms in Nigeria. Marine Resource
Economics, 25(3), 295-308. https://doi.org/10.5950/0738-1360-25.3.295

Ogunmodede, A. M., & Awotide, O. D. (2020). Profitability and technical efficiency of
leafy vegetable production: a stochastic frontier production function analysis.
International Journal of Vegetable Science.
https://doi.org/10.1080/19315260.2019.1711283

Ogunniyi, L. T., Ajetomobi, J. O., & Fabiyi, Y. L. (2013). Technical Efficiency of
Cassava - Based Cropping in Oyo State of Nigeria. Agris On-Line Papers in
Economics and Informatics, V(1).

Ogunyinka, E. O., & Ajibefun, I. A. (2004). Determinants of Technical Inefficiency on
Farm Production: Tobit Analysis Approach to the NDE Farmers in Ondo State,
Nigeria. International Journal Of Agriculture & Biology, 6(2).
http://www.ijab.org

Okeke, N. I, Umar, H. S., Girei, A. A., & lbrahim, H. Y. (2020). Estimation Of
Technical Inefficiency And Production Risk Among Small Scale Maize
Farmers In The Federal Capital Territory (FCT) Abuja, Nigeria. Acta Sci. Pol.
Agricultura, 19(3), 147-155. https://doi.org/10.37660/aspagr.2020.19.3.3

Okello, D. M., Bonabana-Wabbi, J., & Mugonola, B. (2019). Farm level allocative
efficiency of rice production in Gulu and Amuru districts, Northern Uganda.
Agricultural and Food Economics, 7(1), 19. https://doi.org/10.1186/s40100-
019-0140-x

Okuyama, Y., Maruyam, A., Takagaki, M., & Kikuchi, M. (2017). Technical efficiency
and production potential of selected cereal crops in Senegal. Journal of
Agriculture and Rural Development in the Tropics and Subtropics, 118(2),
187-197.

147



Onumah, E. E., Onumah, J. A., & Onumah, G. E. (2018). Production risk and technical
efficiency of fish farms in Ghana. Aquaculture, 495(January 2017), 55-61.
https://doi.org/10.1016/j.aquaculture.2018.05.033

Oppong, B. A., Onumah, E. E., & Asuming-Brempong, S. (2014). Stochastic Frontier
Modeling of Maize Production in Brong-Ahafo Region of Ghana. Agris On-
Line Papers in Economics and Informatics, VI(2).

Oppong, B., Onumah, E., & Asuming-Brempong, S. (2016). Technical Efficiency and
Production Risk of Maize Production: Evidence from Ghana. Asian Journal of
Agricultural  Extension, Economics &  Sociology, 11(3), 1-9.
https://doi.org/10.9734/AJAEES/2016/26014

Organisation for Economic Co-operation and Development. (2000). Income Risk
Management in Agriculture. In OECD Publishing.
https://doi.org/10.1787/9789264189584-en

Othman, A. F. (2017). Pineapples new source of wealth for Malaysia. New Straits Times.
https://www.nst.com.my/news/nation/2017/12/313347/pineapples-new-
source-wealth-malaysia

Othman, M. H., Buang, L., & Mohd Khairuzamri, M. S. (2011). Rejuvenating the
Malaysian pineapple industry. Acta Horticulturae, 902, 39-52.

Panpluem, N., Mustafa, A., Huang, X., Wang, S., & Yin, C. (2019). Measuring the
Technical Efficiency of Certified Organic Rice Producing Farms in Yasothon
Province: Northeast Thailand. Sustainability (Switzerland), 11(24).
https://doi.org/10.3390/su11246974

Park, J. H., & Kim, J. H. (2021). The impact of airport managerial type and airline market
share on airport efficiency. Sustainability (Switzerland), 13(2), 1-16.
https://doi.org/10.3390/su13020981

Pejabat Daerah  Negeri Johor. (2022). Daerah-daerah  Negeri  Johor.
http://pdnj.johor.gov.my//direktori

Pennings, J. M. E., & Wansink, B. (2004). Channel contract behavior: The role of risk
attitudes, risk perceptions, and channel members’ market structures. Journal of
Business, 77(4), 697—723. https://doi.org/10.1086/422633

Performance Management and Delivery Unit. (2016). National Transformation
Programme Annual Report 2015.
http://lib.perdana.org.my/PLF/PEMANDU/PEMANDU/ENG_PEMANDU_N
TP_AR2015_260416.pdf

Picazo-Tadeo, A. J., & Wall, A. (2011). Production risk, risk aversion and the
determination of risk attitudes among Spanish rice producers. Agricultural
Economics, 42(4), 451-464. https://doi.org/10.1111/j.1574-0862.2011.00537.x

Pisulewski, A., & Marzec, J. (2019). Heterogeneity, transient and persistent technical

efficiency of Polish crop farms. Spanish Journal of Agricultural Research,
17(1), 1-14. https://doi.org/10.5424/sjar/2019171-13926

148



Rahim, S. N. S. M., & Othman, N. (2019). Technical Efficiency of the Pineapple
Smallholders at Johor: Data Envelopment Analysis. International Journal of
Academic Research in Business and Social Sciences, 9(3), 746-755.
https://doi.org/10.6007/IJARBSS/v9-i3/5740

Rahman, K., Mia, M., & Bhuiyan, M. (2012). A Stochastic Frontier Approach to Model
Technical Efficiency of Rice Farmers in Bangladesh: An Empirical Analysis.
The Agriculturists, 10(2), 9-19. https://doi.org/10.3329/agric.v10i2.13132

Rahman, S. (2003). Profit Efficiency Among Bangladeshi Rice Farmers. International
Association of Agricultural Economists, 1-21.

Rahman, S., & Rahman, M. (2009). Impact of land fragmentation and resource
ownership on productivity and efficiency: The case of rice producers in
Bangladesh. Land Use Policy, 26(1), 95-103.
https://doi.org/10.1016/j.landusepol.2008.01.003

RAOSOFT. (2022). Sample Size  Calculator by  Raosoft, Inc.
http://www.raosoft.com/samplesize.html

Rasyid, M. N., Setiawan, B., Mustadjab, M. M., & Hanani, N. (2016). Factors that
Influence Rice Production and Technical Efficiency in the Context of an
Integrated Crop Management Field School Program. American Journal of
Applied Sciences, 13(11), 1201-1204.
https://doi.org/10.3844/ajassp.2016.1201.1204

Rizwan, M., Qing, P., Saboor, A., Igbal, M. A., & Nazir, A. (2020). Production Risk and
Competency among Categorized Rice Peasants: Cross-Sectional Evidence
from an Emerging  Country. Sustainability, 12(9), 3770.
https://doi.org/10.3390/su12093770

Rosli, A., Radam, A., Rahim, K. A., & Abdullah, A. M. (2020). Technical efficiency
among pepper farmers in Sarawak, Malaysia: A stochastic Frontier analysis.
Asian Journal of Agriculture and Rural Development, 10(3), 729-739.
https://doi.org/10.18488/journal.ajard.2020.103.729.739

Rosli, A., & Rahim, K. A. (2013). Technical Efficiency of Pepper Farms in Sarawak ,
Malaysia : An Application of Data Envelopment Analysis. 4(7), 227-234.

Sadoulet, E., & De Janvry, A. (1995). Input-Output Tables, Social Accounting Matrices
and Multipliers. Quantitative Development Policy Analysis, The Johns Hopkins
University Press, 273-301.
http://caoye.lzu.edu.cn/upload/news/N20141106111536.pdf

Sahu, P. K. (2020). Research Methodology A Guide for Researchers In Agricultural
Science, Social Science and Other Related Fields. Springer.

Salim, S. (2015). Potensi dan Halatuju Industri Nanas Malaysia. Seminar Industri Nanas,
44.

Sannikova, M. O., Providonova, N. V., & Sharonova, E. V. (2020). The Influence of
Production Risk and Technical Efficiency on Crop Production in the Saratov

149



Region. Economy of Agricultural and Processing Enterprises, 5, 37-43.
https://doi.org/10.31442/0235-2494-2020-0-5-37-43

Sapak, Z., Mohd Faisol Mahadeven, A. N, M.H., N. F., S., N., & AW., M. Z. (2021).
A review of common diseases of pineapple: the causal pathogens, disease
symptoms, and available control measures. Food Research, 5(S4), 1-14.
https://doi.org/10.26656/fr.2017.5(S4).004

Sarker, M. A. A., Arshad, F. M., Alam, M. F., Mohamed, Z. A., & Khan, M. A. (2016).
Stochastic modeling of production risk and technical efficiency of Thai koi (
Anabas testudineus) farming in Northern Bangladesh. Aquaculture Economics
& Management, 20(2), 165-184.
https://doi.org/10.1080/13657305.2016.1156189

Sarmiento, J. M. P., Romo, G. D. A., Quinineza, R. A. D., & Shuck, V. A. (2013). Is
vegetable farming technically efficient in Marilog, Davao City, Philippines?
Parametric and non-parametric  approaches. Acta  Horticulturae,
1006(September), 317-324. https://doi.org/10.17660/ActaHortic.2013.1006.40

Schmidt, P. (1985). Frontier production functions. Econometric Reviews, 4(2), 289-328.

Schubert, T., & Yang, G. (2016). Institutional change and the optimal size of
universities. Scientometrics, 108(3), 1129-1153.
https://doi.org/10.1007/s11192-016-2015-1

Sebatta, C., Mugisha, J., Katungi, E., Kashaaru, A., & Kyomugisha, H. (2014).
Smallholder Farmers’ Decision and Level of Participation in the Potato Market
in Uganda. Modern Economy, 05(08), 895-906.
https://doi.org/10.4236/me.2014.58082

Seiford, L. M., & Thrall, R. M. (1990). Recent developments in DEA. Journal of
Econometrics, 46(1-2), 7-38. https://doi.org/10.1016/0304-4076(90)90045-U

Selamat, M. M. (1997). Current Practices Of Planting Pineapple On Tropical Peatland
Areas In The Humid Tropics Of Malaysia. Acta Horticulturae, 425(425), 109—
118. https://doi.org/10.17660/ActaHortic.1997.425.11

Shamimi, N., Rozlaily, Z., Saiful Nizam, R., & Faizul Faiz, S. (2017). Growth
Performance of Selected Pineapple Hybrids on Peat Soil. 26th Malaysian
Society of Plant Physiology Conference (MSPPC 2016) Waterfront Hotel,
Kuching, Sarawak, Malaysia (9-11 August 2016), 134-138.

Sharma, K. R., & Leung, P. (1998). Technical Efficiency of the Longline Fishery in
Hawaii: An Application of a Stochastic Production Frontier. Marine Resource
Economics, 13(4), 259-274. https://doi.org/10.1086/mre.13.4.42629241

Sherzod, B., Kim, K. R., & Lee, S. H. (2018). Agricultural transition and technical
efficiency: An empirical analysis of wheat-cultivating farms in Samarkand
Region, Uzbekistan. Sustainability (Switzerland), 10(9).
https://doi.org/10.3390/su10093232

150



Sicelo, I. D., Micah, B. M., & J, I. R. (2012). Technical efficiency of maize production
in Swaziland: A stochastic frontier approach. African Journal of Agricultural
Research, 7(42), 5628-5636. https://doi.org/10.5897/ajar12.1204

Simar, L., & Wilson, P. W. (2011). Two-stage DEA: Caveat emptor. Journal of
Productivity Analysis, 36(2), 205-218. https://doi.org/10.1007/s11123-011-
0230-6

Suhaimi, N. H., & Fatah, F. A. (2019). Profitability of Pineapple Production (Ananas
comosus) among Smallholders in Malaysia. International Journal of Recent
Technology and Engineering, 8(4), 4201-4207.
https://doi.org/10.35940/ijrte.d7780.118419

Tahiruddin, O. A. S. (2019). Perkembangan Semasa dan Peningkatan Pengeluaran
Produktiviti dan Pemasaran Nanas MD2 di Malaysia. In Seminar
Perkembangan Semasa dan Peningkatan Pengeluaran Produktiviti dan
Pemasaran Nanas MD2 (pp. 13-16). International Tropical Fruits Network
(TFNet).

Tauer, L. W. (2001). Efficiency and competitiveness of the small New York dairy farm.
Journal of Dairy Science, 84(11). https://doi.org/10.3168/jds.S0022-
0302(01)74710-8

Tauer, Loren W., & Hanchar, J. J. (1995). Nonparametric Technical Efficiency with K
Firms, N Inputs, and M Outputs: A Simulation. Agricultural and Resource
Economics Review, 24(2), 185-189.
https://doi.org/10.1017/S1068280500008820

Tawva, S., Aw-Hassan, A., Rizvi, J., & Saharawat, Y. S. (2017). Technical efficiency of
wheat farmers and options for minimizing yield gaps in Afghanistan. Outlook
on Agriculture, 46(1), 13-19. https://doi.org/10.1177/0030727016689632

Thanassoulis, E., Portela, M. C. S., & Despi¢, O. (2008). The Measurement of
Productive Efficiency and Productivity Change. In H. O. Fried, C. A. K. Lovell,
& S. S. Schmidt (Eds.), The Measurement of Productive Efficiency and
Productivity Change. Oxford University Press.
https://doi.org/10.1093/acprof:0s0/9780195183528.001.0001

Thenail, C. (2002). Relationships between farm characteristics and the variation of the
density of hedgerows at the level of a micro-region of bocage landscape. Study
case in Brittany, France. Agricultural Systems, 71(3), 207-230.
https://doi.org/10.1016/S0308-521X(01)00048-8

Thiam, A., Bravo-Ureta, B. E., & Rivas, T. E. (2001). Technical efficiency in developing
country agriculture: A meta-analysis. Agricultural Economics, 25(2-3), 235-
243. https://doi.org/10.1016/S0169-5150(01)00081-0

Thrall, R. M. (1996). Chapter 5 Duality, classification and slacks in DEA. Annals of
Operations Research, 66(2), 109-138. https://doi.org/10.1007/BF02187297

Tiedemann, T., & Latacz-Lohmann, U. (2013). Production Risk and Technical
Efficiency in Organic and Conventional Agriculture — The Case of Arable

151



Farms in Germany. Journal of Agricultural Economics, 64(1), 73-96.
https://doi.org/10.1111/j.1477-9552.2012.00364.x

Tobin, J. (1958). Estimation of Relationships for Limited Dependent Variables.
Econometrica, 26(1). https://doi.org/10.2307/1907382

Triebs, T. P., & Kumbhakar, S. C. (2013). Production and management: does
inefficiency capture management? Paper Presented and the EWEPA Meeting,
Helsinki, Finland.

Trujillo, J. C., & Iglesias, W. J. (2013). Measurement of the technical efficiency of small
pineapple farmers in Santander, Colombia: A stochastic frontier approach.
Revista de Economia e Sociologia Rural. https://doi.org/10.1590/S0103-
20032013000600003

Tveterds, R. (1999). Production Risk and Productivity Growth: Some Findings for
Norwegian Salmon Aquaculture. Journal of Productivity Analysis, 12(2), 161—
179. https://doi.org/10.1023/a:1007863314751

Viengpasith, V., Yabe, M., & Sato, G. (2012). Analysis of technical efficiency of
smallholder maize farmers in Northern lao PDR: Case study of paklay district,
sayaboury province. Journal of the Faculty of Agriculture, Kyushu University,
57(1), 309-315. https://doi.org/10.5109/22085

Villano, R., & Fleming, E. (2006). Technical Inefficiency and Production Risk in Rice
Farming: Evidence from Central Luzon Philippines*. Asian Economic Journal,
20(1), 29-46. https://doi.org/10.1111/j.1467-8381.2006.00223.x

von Cramon-Taubadel, S., & Saldias, R. (2014). Access to credit and determinants of
technical inefficiency of specialized smallholder farmers in Chile. Chilean
Journal of Agricultural Research, 74(4), 413-420.
https://doi.org/10.4067/S0718-58392014000400006

Wadud, A., & White, B. (2000). Farm household efficiency in Bangladesh: a comparison
of stochastic frontier and DEA methods. Applied Economics, 32(13), 1665-
1673. https://doi.org/10.1080/000368400421011

Wakili, A. M. (2012). Technical efficiency of maize farmers in Gombi Local
Government of Adamawa State. Agriculture Journal, 7(1), 1-4.

Wan, G. H., & Battese, G. E. (1992). A Stochastic Frontier Production Function
Incorporating Flexible Risk Properties (No. 66; Working Papers in Economics
and Applied Statistics No. 66).

Wang, J., Etienne, X., & Ma, Y. (2020). Deregulation, technical efficiency and
production risk in rice farming: evidence from Zhejiang Province, China. China
Agricultural Economic Review, 12(4), 605-622.
https://doi.org/10.1108/CAER-11-2019-0197

Wang, N., Jin, X,, Ye, S. T,, Gao, Y., & Li, X. F. (2017). Optimization of agricultural

input efficiency for wheat production in China applying data envelopment
analysis method. Applied Ecology and Environmental Research, 15(3), 293-

152



305. https://doi.org/10.15666/aeer/1503 293305

Wang, Y., Shi, L., Zhang, H., & Sun, S. (2017). A data envelopment analysis of
agricultural technical efficiency of Northwest Arid Areas in China. Frontiers
of  Agricultural  Science and  Engineering, 4(2), 195-207.
https://doi.org/10.15302/J-FASE-2017153

Wassihun, A. N., Koye, T. D., & Koye, A. D. (2019). Analysis of technical efficiency
of potato (Solanum tuberosum L.) production in Chilga District, Amhara
National Regional State, Ethiopia. Journal of Economic Structures, 8(1), 34.
https://doi.org/10.1186/s40008-019-0166-y

Watto, M. A., & Mugera, A. W. (2014). Measuring Production and Irrigation
Efficiencies of Rice Farms: Evidence from the Punjab Province, Pakistan.
Asian Economic Journal, 28(3), 301-322. https://doi.org/10.1111/asej.12038

Weldegiorgis, L. G., Mezgebo, G. K., Gebremariam, H. G., & Kahsay, Z. A. (2018).
Resources Use Efficiency of Irrigated Tomato Production of Small-scale
Farmers. International Journal of Vegetable Science, 24(5), 456-465.
https://doi.org/10.1080/19315260.2018.1438552

Wik, M., Kebede, T. A., Bergland, O., & Holden, S. T. (2004). On the measurement of
risk aversion from experimental data. Applied Economics, 36(21), 2443-2451.
https://doi.org/10.1080/0003684042000280580

Wongnaa, C. A., & Awunyo-Vitor, D. (2018). Achieving sustainable development goals
on no poverty and zero hunger: Does technical efficiency of Ghana’s maize
farmers  matter?  Agriculture &  Food  Security, 7(1), 71
https://doi.org/10.1186/s40066-018-0223-z

World Bank. (2005). Managing Agricultural Production Risk: Innovations in
Developing Countries. The World Bank.

Wu, W. (2020). Estimation of technical efficiency and output growth decomposition for
small-scale rice farmers in Eastern India: A stochastic frontier analysis. Journal
of Agribusiness in Developing and Emerging Economies, 10(2), 139-156.
https://doi.org/10.1108/JADEE-05-2019-0072

Yang, Z., Mugera, A., & Zhang, F. (2016). Investigating Yield Variability and
Inefficiency in Rice Production: A Case Study in Central China. Sustainability,
8(8), 787. https://doi.org/10.3390/su8080787

Yin, N., & Wang, Y. (2017). Impacts of rural labor resource change on the technical
efficiency of crop production in China. Agriculture (Switzerland), 7(3).
https://doi.org/10.3390/agriculture7030026

Yusuf, S. A., & Malomo, O. (2007). Technical Efficiency of Poultry Egg Production in
Ogun State: A Data Envelopment Analysis (DEA) Approach. International
Journal of Poultry Science, 6(9), 622-629.
https://doi.org/10.3923/ijps.2007.622.629

153



Zainol, R., Ghani, N. S. A., Marzukhi, N. A., Hassan, M. A., Baharom, A. H., Ramli, N.
A., Nordin, N., Razali, M. S. N., & S., M. F. F. (2018). L6 — Nanas baharu
untuk pasaran segar. Buletin Teknologi MARDI, 14, 125-132.
http://ebuletin.mardi.gov.my/buletin/14/L6.pdf

Zewdie, M. C., Moretti, M., Tenessa, D. B., Ayele, Z. A., Nyssen, J., Tsegaye, E. A,
Minale, A. S., & Van Passel, S. (2021). Agricultural technical efficiency of
smallholder farmers in Ethiopia: A stochastic frontier approach. Land, 10(3),
1-17. https://doi.org/10.3390/land10030246

Zhang, S., Wei, C., Shao, J., & Wu, Z. (2016). Technical efficiency and its determinants
of the various cropping systems in the purple-soiled, hilly region of
southwestern China. Journal of Mountain Science, 13(12), 2205-2223.
https://doi.org/10.1007/s11629-015-3679-3

Zulfiqgar, F., Datta, A., & Thapa, G. B. (2017). Determinants and resource use efficiency
of “better cotton”: An innovative cleaner production alternative. Journal of
Cleaner Production, 166, 1372-1380.
https://doi.org/10.1016/j.jclepro.2017.08.155

154





