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FOREWORD

I am pleased to put into the hands of readers Volume-8; Issue-2: March-April 2023 of “International
Journal of Environment, Agriculture and Biotechnology (IJEAB) (ISSN: 2456-1878)”, an
international journal which publishes peer reviewed quality research papers on a wide variety of topics
related to Environment, Agriculture and Biotechnology. Looking to the keen interest shown by the
authors and readers, the editorial board has decided to release issue with DOI (Digital Object Identifier)
from CrossRef also, now using DOI paper of the author is available to the many libraries. This will
motivate authors for quick publication of their research papers. Even with these changes our objective
remains the same, that is, to encourage young researchers and academicians to think innovatively and

share their research findings with others for the betterment of mankind.

I thank all the authors of the research papers for contributing their scholarly articles. Despite many
challenges, the entire editorial board has worked tirelessly and helped me to bring out this issue of the

journal well in time. They all deserve my heartfelt thanks.

Finally, I hope the readers will make good use of this valuable research material and continue to contribute
their research finding for publication in this journal. Constructive comments and suggestions from our

readers are welcome for further improvement of the quality and usefulness of the journal.

With warm regards.

Editor-in-Chief
Date: May, 2023
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Abstract—Due to their extremely energy intense nature, airports are increasingly focusing on their energy
consumption and energy efficiency as a key part of their sustainability policies and strategies. Based on an in-
depth longitudinal case study research design, this study has examined London Gatwick Airport, a major United
Kingdom-based hub airport, sustainable energy management. The case study covered the period 2014 to 2021.
London Gatwick Airport has two principal energy sources: electricity and natural gas. The case study revealed
that London Gatwick Airport contributes to a lower carbon grid through its procurement of 100% certified
renewable electricity. The airport has purchased this 100% certified renewable electricity since 2013. This
measure has enabled the airport to mitigate its environmental impact. An important energy-related development
at London Gatwick Airport, has been the airport’s waste processing and biomass generation facility, which
began operations in November 2016. Category 1 and other types of organic waste are converted into biomass
fuel that is used to power the processing plant and provide heating for the airport’s North Termina and the
airport’s waste management site. The waste plant also provides power to the site’s water recovery system.
Throughout the study period, London Gatwick Airport introduced a range of energy efficiency related measures.
These measures include the installation of high efficiency lighting, heating, air conditioning, and ventilation
(HVAC) systems, the upgrading of the airport’s boiler plant, the installation of an electricity powered hydrant
dispenser, and the installation of more energy efficient light emitting diode (LED) lighting. The airport is also
replacing its fleet of airport vehicles with electric powered vehicles. In addition, the airport is transitioning
towards the use of electricity powered ground service equipment (GSE).

Keywords— Airports, Airport energy efficiency measures, Airport energy consumption, London Gatwick
Airport, Sustainable airport energy management.

I.  INTRODUCTION

aviation industry ambition to be a carbon-neutral industry

Air transport infrastructure development is considered
crucial for both economic and social development and
growth (Karagkouni & Dimitriou, 2022). Airports have
substantial economic, and social impacts on local,
regional, and often in many instances, national levels as
well (Culberson, 2011). However, airports adversely affect
the surrounding environment (Chourasia et al., 2021;
Culberson, 2011; Dimitriou & Voskaki, 2012; Dimitriou et
al., 2014). In recent years, the development of green
airports has increased, with this growth partly due to the

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
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by 2050 (Korba et al., 2022). A "green airport” is an
airport which has a minimal impact on the environment
and is one that endeavors to become a carbon neutral
facility in terms of carbon emissions, with the aim to
ultimately produce zero greenhouse gas emissions
(Gonzélez-Ruiz et al., 2017). The notion underpinning a
“green airport” is for the airport to create a centre of
sustainable practices (Sumathi et al., 2018). Airports play a
significant role in the air transport industry; therefore, their
effective operation is crucial. Airports must be built
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according to sustainable standards to maintain reduced
energy, water, or heat consumption (Korba et al., 2022).
Furthermore, applying sustainable airport practices can
enable airports to improve their economic and social
effects and reduce their harmful impact on the
environment (Eid et al., 2022).

Airports are critical nodes in the global air transport
system. Along with the growth of airport infrastructures,
airport-related business, commercial, residential, and
spatial development often occurs in the airport
surroundings with these developments being connected by
surface transport infrastructure (Ferrulli, 2016). Airports
are one of the most critical stakeholders in the global air
transport industry value chain. This is because airports
provide the necessary landside and airfield infrastructure
that facilitates both the passengers and air cargo shippers
interface between the ground-based and air transport
modes. To facilitate the movement and handling of
passengers and air cargo consignments, airports provide
extensive landside infrastructure and facilities as well as
runways, taxiways, and aircraft parking stands. Air traffic,
both passenger and air cargo, has increased very
significantly over the past 20 years or so and this has led to
an increased energy requirements of airports to
accommodate this air traffic demand (Ortega Alba &
Manama, 2016). Importantly, airport systems and their
infrastructure consume large amounts of electrical energy.
Airports are thus regarded as being energy intensive
(Baxter et al., 2019; Cardona et al., 2006; Ortega Alba &
Manama 2016). This is due to the energy requirements of
airport buildings and facilities, for example, passenger
terminal air conditioning systems, pre-conditioned air and
power at aircraft gates, power supply for equipment, and
other special airport systems (International Civil Aviation
Organization, 2015). Airport passenger terminals are
indeed extremely energy intensive (Kareem et al., 2021;
Orukpe et al. 2020; Yildiz et al., 2021). The dynamic
structure of airports, 24-hour operations, performing flight
operations safely, and the provision of comfortable
conditions for passengers in the airport’s terminal
buildings, has often resulted in increased energy
consumption of airports. Energy management has become
an important focus for airports, and thus, airports are
seeking continuous improvement of energy performance as
they are sites with high and intense energy consumption
(Akyuz et al, 2019). Energy management is now
considered as being of critical importance for airports
(Almaz, 2022). According to Greer et al. (2020), “energy
management refers to a process by which airports can
characterize and monitor their energy consumption and
enact measures to reduce it”. In airports with high energy
consumption areas, energy management allows the

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
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reduction of both costs and environmental impacts (Aky(iz
et al., 2021). Considering this, many airports have
increased their focus on energy efficiency as part of their
efforts to reduce their impact on the environment (Preston,
2015). Moreover, airport managers have become aware of
the requirement to reduce energy consumption as well as
make a more efficient use of it. In addition, airports are
now confronting growing pressure to use energy-efficient
systems whilst at the same time ensuring their compliance
with increasingly stringent regulations (Taber & Steele,
2020). Accordingly, energy management has become
extremely important for airports (Graham, 2018; Uysal &
Ziya Sogut, 2017).

The United Kingdom has the biggest aviation network in
Europe and the third largest in the world. London has the
busiest airport system of any city in the world (Ministry of
Transport, 2017). London is a major air travel market for
Australia, Canada, India, Singapore, South Africa, and the
United States of America. In addition, London is the home
base for British Airways and Virgin Atlantic Airways, as
well as an essential market for some of the industry’s most
successful airlines. easyJet and Ryanair, who are low-cost
carriers (LCCs) have positioned London as a strategic hub.
For many international airlines including Emirates, Qatar
Airways, Singapore Airlines, Finnair, Aer Lingus, Qantas,
United Airlines and American Airlines, London remains a
key market that is core in their strategic growth and
investment plans. In more recent times, JetBlue, Vistara
and Norse Atlantic have launched services to London
(Malik, 2022). The city of London is served by five main
airports: London Heathrow Airport, London City Airport,
London Gatwick Airport, London Stansted Airport, and
Luton Airport (Pels et al., 2009; Saayman, 2012). London
Southend Airport also serves London (Pearson, 2022).

The objective of this research is to empirically examine the
sustainable aspects of London Gatwick Airport, a major
United Kingdom-based hub airport, energy management.
A further objective of the study is to examine the airport’s
energy sources and the trends in the annual consumption of
these energy sources and to identify the impact that the
growth in passenger traffic and aircraft movements has had
on the airport’s energy consumption throughout the study
period. A final aim of the study is to examine the measures
and technologies that have been implemented throughout
the study period by London Gatwick Airport to achieve its
goal of sustainable energy management. The study period
is from 2014 to 2021.

The remainder of the paper is organized as follows:
Section 2 presents a review of the literature on airport
energy management. The research method used to
underpin the study is described in Section 3. The case
study of London Gatwick Airport sustainable energy


https://dx.doi.org/10.22161/ijeab.82.1

Glenn Baxter

management is presented in Section 4. Section 5 presents
the findings of the study.

1. BACKGROUND
2.1. Airport Energy Sources

The actors operating within the airport’s airside and
landside precincts require a reliable and highly efficient
supply of energy. Historically, an airport’s two primary
energy sources have been electricity and fuel, for example,
diesel, natural gas, and propane (Ortega Alba & Manana,
2016). Electrical energy is normally sourced from different
sources. The electrical energy is supplied directly to the
airport through dedicated sub-stations. This energy is
primarily used for operating the airport’s facilities,
equipment, and other devices that are necessary in
servicing passengers and their baggage and air cargo
consignments in the airport’s respective passenger and air
cargo terminals. Electrical energy is also used for the
provision of heating, cooling (air conditioning), and
lighting other administrative buildings at airports (Jani¢,
2011). Normally, airports purchase electricity from the
commercial grid and this electricity is supplied by a power
company to the airport (Nam, 2019; Ortega Alba &
Manana, 2016).

Importantly, airports around the world are shifting toward
the utilization of clean energy technologies together with
the implementation of practices that reduce local
emissions. This environmental-related strategy includes
replacing fossil  fuel-based with electricity-based
operations at airports (Sajed Sadati et al., 2018). Indeed,
in recent times, several new energy technologies have
undergone development and implementation as energy
sources for airports. These new technologies include solar
photovoltaic (PV), concentrating solar power, wind power,
oil and natural gas extraction, steam-generated power
production and electricity transmission (Barrett et al.,
2014).

Some airports have also developed and operate new
power-generation systems that provide reliable and
affordable sustainable energy. Many airports have installed
biomass boilers, have worked to improve the natural light
and ventilation, and, in some instance, have installed wind
turbines to generate electrical energy and some airports
have used boreholes to exploit sources of geothermal
energy (Budd & Budd, 2013).

2.2. Energy Usage at Airports

Airports and their key stakeholders require power to
operate their equipment, systems, heating, ventilation, and
air conditioning (HVAC) systems, as well as for the
lighting of their buildings. In addition, airports require
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power for their airfield infrastructure, for example, runway
and taxiway lighting. Airport energy usage also includes
the fuel necessary to power ground support equipment
(GSE) (Nam, 2019).

The principal areas of energy consumption at an airport
are heating, cooling, lighting, and the energy required for
operating the airport’s facilities and systems (Jani¢, 2011;
Radomska et al., 2018). Fuel is also used for airport’s
heating boiler systems and emergency generators (Ortega
Alba & Manana, 2016). Airports consume large quantities
of electricity (Sreejaya et al., 2020). Typically, airport
terminal buildings consume more energy than other
buildings that are located within the airport precinct due to
the terminal building’s functional and operational
characteristics (Yildiz et al., 2022). The airport terminal’s
heating, ventilation, and air conditioning (HVAC) systems
use the largest amount of energy. It has been estimated that
around 70% of the energy consumed in airport terminal
buildings is used for heating, cooling, and air conditioning
purposes. This energy consumption rate is higher in those
countries that have a cold climate (Akylz et al., 2017).
Indeed, airport terminals have a high level of energy
consumption for space heating in cold climate zones (Liu
et al., 2021). Airport terminal buildings also have a high
energy demand due to their cooling demand. This is
especially so in hot arid climates, where airports cool their
terminal buildings to achieve passenger thermal comfort
(Abdallah et al., 2021).

Electrical energy is also used at airports for powering the
aids that are used to facilitate air transport operations, and
for airport buildings, aircraft hangers and other airport
facilities (Kazda et al., 2015). As previously noted, airports
are extremely energy-intensive areas (Baxter et al., 2019;
de Rubeis et al., 2016; Ortega Alba & Manana, 2017). An
airport terminal is an industrial building which may be of
considerable size. Energy consumption is necessary to
provide lighting; to provide operation of electronic devices
and the related equipment that is necessary to facilitate
passenger boarding activities, and to provide heating and
cooling systems (Fossi & Esposito, 2015). Airport terminal
buildings also require power to serve the requirements of
the airport administration and the airport’s tenants so that
they can conduct their business activities (Nam, 2019).
Airport buildings are thus particularly energy intensive
(Danjuma Mambo et al., 2015; Kim et al., 2020; Yildiz et
al., 2021). The large energy usage at airports is due to the
large buildings, for example, passenger terminal buildings,
which are equipped with heating and air-conditioning
systems. Also, there is a very high-power demand for
lighting and electric equipment, and for the various
facilities that are located within the airport precinct
(Cardona et al., 2006; Ortega Alba & Manana, 2017). The
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passengers handled at the airport significantly affect
airport terminal energy consumption and the airport’s
indoor environmental quality (Tang et al., 2023).

Airports require a guaranteed, appropriately priced, and
secure energy supply to satisfy peak demand from their
service partners and passengers (Thomas & Hooper, 2013).

Crude oil is often used at airports for producing the
gasoline that is used to power the ground service
equipment (GSE) and other vehicles that are operated in an
airport’s airside and landside precincts (Janié, 2011).
Ground service equipment (GSE) refers to vehicles and
equipment that are used in the airport precinct to service
aircraft whilst they are at the gate in between flights (Hazel
etal., 2011).

Energy consumed by airports can be broken down into the
energy consumed by the airside activities undertaken at the
airport as well as the energy consumed in the provision of
the airport’s landside area activities (Jani¢, 2011). The
airside means the movement area at an airport, adjacent
terrain and buildings/infrastructure, or portions, the access
to which is restricted. Landside means those parts of an
airport as well as the adjacent terrain and buildings or
portions thereof that are not in the airside precinct (Rossi
Dal Pozzo, 2015). In the airport’s airside area, energy
requirements include the fuel that is consumed by aircraft
during the landing and take-off (LTO) cycles. Also,
ground vehicles serving aircraft during the turnaround
process at the apron/gate complex consume energy. In the
airport landside area, the principal consumers of energy are
the airport ground access systems/modes and passenger
and air cargo terminals together with other administrative
buildings serving the airport. In most cases, the primary
energy sources are from non-renewable fossil fuels and to
a smaller extent from renewable wind, water, and solar
sources (Jani¢, 2011).

The operation of more efficient heating and cooling
systems and the performance of the building envelope can
result in significant reductions in energy consumption.
This can be achieved without compromising comfort
conditions in the airport terminal buildings (Akyuz et al.,
2018). To ensure that energy demand can be met when the
needs arise, airports are increasingly focusing on energy-
conservation measures in the design (and operations) of
terminal buildings and infrastructure (Thomas & Hooper,
2013).

2.3. The Factors that Influence an Airport’s Energy
Consumption

An airport’s energy consumption is influenced by a range
of factors, which include:

e  The airport’s size.
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e The airport’s architecture (compact, finger
passenger terminals, satellite passenger terminals,
and remote satellite passenger terminals).

e Location and climate.
e  Airport operational hours.
e Insulation level of terminal(s) building(s),

e Heating, ventilation, air conditioning (HVAC)
system.

e  Airport energy actors’ energy usage behavior.
e  Energy management.

e Level of airport maintenance.

e  Capacity of aircraft maintenance facilities.

e Daylight utilization.

e Solar heating.

e  Traffic density.

o Number of passengers handled at the airport.

e Smooth operations of electrical and mechanical
systems (Akyuz et al., 2019, p. 28).

I1l. RESEARCH METHODOLOGY
3.1. Research Approach

This study was underpinned by an in-depth qualitative
longitudinal research design (Derrington, 2019; Hassett &
Paavilainen-Mantymaki, 2013; Neale, 2018). Qualitative
longitudinal research aims to expand and develop theories
(Derrington, 2019). A case study enables the researcher(s)
to explore complex phenomena (Remenyi et al., 2010;
Taber, 2014; Yin, 2018). Case studies also enable the
researcher(s) to collect rich, explanatory information that
provides in-depth insights into the phenomenon under
investigation (Ang, 2014).

3.2. Data Collections

The data used in the study was obtained from a range of
documents, company materials available on the internet
and records as sources of case evidence. Documents
included London Gatwick Airport’s annual Decades of
Change sustainability reports, London Gatwick Airport’s
annual reports, and the airport’s websites. An extensive
search of the leading air transport journals and airport-
related magazines was also conducted in the study.

The key words used in the database searches included
“London Gatwick Airport’s environmental policy”,
“London Gatwick Airport’s energy sources”, “London
Gatwick Airport’s annual energy consumption”, “London
Gatwick Airport’s annual electricity consumption”,
“London  Gatwick Airport’s annual natural gas
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consumption”, “London Gatwick Airport’s annual
renewable energy consumption”, and “London Gatwick
Airport’s annual renewable energy consumption as a share
of total energy consumption”.

This study used secondary data. The three principles of
data collection as suggested by Yin (2018) were followed:
the use of multiple sources of case evidence, creation of a
database on the subject and the establishment of a chain of
evidence.

3.3. Data Analysis

The data collected for the case study was examined using
document analysis. Document analysis is quite commonly
used in case studies. Document analysis focuses on the
information and data from formal documents and a firm’s
records that are collected by a researcher(s) when
conducting their case study (Andrew et al., 2011; Yin,
2018). The documents gathered for the study were
examined according to four key criteria: authenticity,
credibility, representativeness and meaning (Scott, 2014;
Scott & Marshall, 2009).

The document analysis was undertaken in six distinct
phases:

e Phase 1: The first phase involved planning the
types of the required documentation and ascertain
their availability for the study.

e Phase 2. The data collection phase involved
sourcing the documents and developing and
implementing a scheme for the document
management. The documents were stored in a
case study database.

e Phase 3: The collected documents were
examined to assess their authenticity, credibility
and to identify any potential bias.

e Phase 4: The content of the collected documents
was carefully examined, and the key themes and
issues were identified and recorded in the case
study.

e Phase 5: This phase involved the deliberation and
refinement to identify any difficulties associated
with the documents, reviewing sources, as well as
exploring the documents content.

e Phase 6: In this final phase the analysis of the
data was completed (O’Leary, 2004, p. 179).

Following the guidance of Yin (2018), the study’s
documents were downloaded and stored in a case study
database. All the documents gathered for the study were all
written in English. Each document was carefully read, and
key themes were coded and recorded in the case study
research framework (Baxter, 2022).
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IV. RESULTS
4.1. An Overview of London Gatwick Airport

The origins of London Gatwick Airport date back to the
1930s. However, the airport was officially opened on the
9th of June 1958 (Woodley, 2014). In 1987, the British
government privatized seven major airports through a
share flotation (Graham, 2011). London Gatwick Airport
was one of the airports that was privatized by the British
Government in 1987 (Arblaster, 2017; Augustyniak,
2009). London Gatwick Airport was sold by the British
Airport Authority (BAA) in late 2009 to Global
Infrastructure Partners (Budd & Ison, 2018). Gatwick
Airport Limited is now the company that has been licensed
by the Civil Aviation Authority (CAA) to operate London
Gatwick Airport. On 14 May 2019, the airport’s ownership
transferred to new management with VINCI Airports
acquiring a shareholding of 50.01%. The remaining shares
are owned by a consortium of investors, and these are
managed by Global Infrastructure Partners (GIP), who
have operated London Gatwick Airport since 2009
(Airport Technology, 2019; Bates, 2019).

London Gatwick Airport (IATA airport code: LGW) is the
second largest of the main London airports and is ranked
as the second busiest airport in the United Kingdom, as
measured by passenger traffic (International Airport
Review, 2023, Mann, 2022). London Gatwick Airport is
the busiest single runway airport in the World (Budd &
Ison, 2017; Irvine et al., 2015; Liaghat et al., 2011;
Woodford, 2013). The largest passenger airline at London
Gatwick Airport is the low-cost carrier easyJet (Gatwick
Airport Limited, 2023a).

London Gatwick Airport’s main runway is 3,316 metres
long and 45metres wide. The northern runway can only be
used on those occasion when the primary runway is not is
use. The runways cannot be used simultaneously because
there is insufficient separation between aircraft (Bowman
& Simmons, 2011). The airport’s South passenger terminal
opened in 1958, whilst the North terminal opened in 1988.
The airport’s South Terminal is 160,000 square metres in
size, whilst the North Terminal occupies an area of 98,000
square metres. The airport has 119 aircraft parking stands,
with a total of 186 centrelines. The ability to use a stand
flexibly means a total of 186 aircraft can be parked at the
airport (Gatwick Airport Limited, 2023a).

London Gatwick Airport holds the Airport Council
International Airport Carbon Accreditation Level 3+
“Neutral” level for direct emissions (Scope 1 and 2 Fuels
and Electricity). In 2019, the airport signed the Airports
Council Europe pledge to reach Net Zero for direct
emissions prior to 2050. In addition, London Gatwick
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Airport Gatwick was the first airport to join “RE100”, the
global coalition committed to renewable -electricity
(Gatwick Airport Limited, 2023c). In 2010, London
Gatwick Airport obtained its 1SO14001 Environmental
Management System (EMS) accreditation (Gatwick
Airport Limited, 2023b).

Figure 1 presents London Gatwick Airport’s annual
enplaned passengers and the year-on-year growth (%) from
2014 to 2021. One passenger enplanement measures the
embarkation of a revenue passenger, whether originating,
stop-over, connecting or returning (Holloway, 2016). As
can be observed in Figure 1, the airport’s annual enplaned
passengers displayed an upward growth trend from 2014 to
2019, when the annual passenger volumes handled at the
airport increased from 38,127,690 passengers in 2014 to a
high of 46,568,000 passengers in 2019. The most
significant annual increase in the airport’s passenger traffic
was recorded in 2016, at which time it increased by 7.12%
on the 2015 levels (Figure 1). Figure 1 shows that there
was a very substantial decrease in the annual passenger
traffic handled at the airport in 2020, when it declined by
78.17% on the 2019 levels. This large decrease could be
attributed to the adverse impact that the COVID-19 virus
pandemic had on air passenger demand in 2020
(Leppévuori et al., 2022). During the COVID-19
pandemic, the demand for passenger air transportation
services declined significantly in 2020 (Barczak et al.,
2022; El Zowalaty et al., 2020; Hotle & Mumbower, 2021;
Mumbower, 2022) as the COVID-19 pandemic caused a
significant decrease in the world air travel market supply
and demand chain in 2020 (Dube et al., 2021).
Furthermore, due to the global coronavirus crisis, most
countries placed restrictive measures to confine the
pandemia (lacus et al., 2020). These pandemic response
measures included many countries imposing travel
restrictions (Akkucuk, 2020; Fabeil et al., 2020; Mat Dawi
et al., 2021). In 2020, British Airways suspended all flights
to and from London's Gatwick airport due to the collapse
in passenger demand. The airline’s passenger demand was
affected by the CORONA-19 virus pandemic (BBC News,
2020). Virgin Atlantic Airways also cancelled all
operations at London Gatwick Airport at the beginning of
the COVID pandemic (Amaro, 2020; Bodell, 2022).
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Annual Enplaned Passengers
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Fig.1: London Gatwick Airport’s Annual Enplaned
Passengers and the Year-on-Year Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2014,
2016, 2018a, 20204, 2022a).

Figure 2 presents London Gatwick Airport’s annual
aircraft movements and the year-on-year growth (%) from
2014 to 2021. Figure 2 shows that there was an upward
trend in the airport’s annual aircraft movements from 2014
to 2018. The airport’s annual aircraft movements increased
from 247,863 movements in 2014 to a high of 280,792
movements in 2018. In 2019, the airport’s annual aircraft
movements decreased by 0.04% on the 2018 levels. The
airport’s annual aircraft movements were adversely
impacted by airline aircraft fleet deployment patterns in
2020 in response to the downturn in passenger demand
because of the CORONA-19 virus pandemic. In 2020, the
airport’s annual aircraft movements decreased by 72.79%
on the 2019 levels (Figure 2). The same situation occurred
in 2021 when the airport’s annual aircraft movements
decreased by 31.93% on the 2020 levels (Figure 2). The
COVID-19 pandemic continued to have an impact on the
air transport industry in 2021 (Gao, 2022).

Annual Aircraft Movements

f
‘Year-on-Year Change (%)

2014 2015 2016 2017 2018 2019 2020 2021

Annual Aircraft M ovements — im0y ear Change ()
Fig.2: London Gatwick Airport’s Annual Aircraft
Movements and Year-on-Year Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2014,
2016, 2018a, 2020a, 2022a).
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4.2. London Gatwick Airport Environmental Policy

In June 2021, London Gatwick Airport implemented its
second “Decade of Change Sustainability Policy”. This
policy contains the airport’s 2030 targets. The policy also
contains the airport’s goals for the transition to becoming a
net-zero airport that also contributes to local environmental
stewardship as well as supporting the local economy,
people, and communities (International Airport Review,
2021a; Gatwick Airport Limited, 2021b).

As part of the policy, London Gatwick Airport aims to be a
responsive and responsible airport operator and, in so
doing, it undertakes various activities that enable the
airport to:

o  Deliver a strong community-based program.

e  Maximize the airport’s local regional and national
economic benefits.

e The airport aims to remove or mitigate its direct
environmental impacts whilst at the same time
collaborating on industry-wide solutions to
climate change.

e  Set the right standards and practices.

e The airport enables its staff to be sustainability
champions.

The airport also endeavors to understand the requirements
of its stakeholders and partners (Gatwick Airport Limited,
2021b, p. 3). In-line with the policy, London Gatwick
Airport’s sustainability policy goals will continue to centre
on:

e Enabling London Gatwick Airport to be the
airport of choice for its passengers and customers.

e Ensuring the safety and security of our
passengers, partners, and staff members.

e Generating national and regional economic
wealth, and connectivity.

e The airport aims to increase its traffic catchment
area and employment.

e London Gatwick Airport aims to reduce the
adverse impacts to the environment.

e The airport aims to develop and maintain
constructive relationships with stakeholders.

e The airport aims to recognize the value of its
employees, key stakeholders, and communities
(Gatwick Airport Limited, 2021b, p. 3).

In delivering and achieving its sustainability goals London
Gatwick Airport will continue to:

e Set clearly defined targets and policies for
delivery from today to 2030.
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e Operate today as efficiently as it can, and the
airport will invest appropriately for the future.

e Protect the business and ensure the airport has the
appropriate resilience.

e London Gatwick Airport communicates its
approach and performance with key stakeholders.

e Partner with organizations who can help the
airport to achieve its goals.

e Work with government, industry, and regulators
to develop policy and plans; and

e Engage with its community explaining both its
positive and negative impacts (Gatwick Airport,
2021b, p. 3).

To achieve its sustainability goals, the airport will continue
to set clearly defined targets and policies for delivery from
2021 to 2030. The airport’s 2030 goals take into
consideration local and national sustainability priorities
and will enable the airport to play its part in national and
international action to deliver on the Paris Climate
Agreement together with the United Nations’ (UN)
Sustainable Development Goals (SDGs) (Gatwick Airport
Limited, 2021b). In 2015, all United Nations Member
States adopted the “2030 Agenda for Sustainable
Development” (Boeren, 2019; Lenkaitis, 2022; Miola &
Schiltz, 2019). The “2030 Agenda for Sustainable
Development” has seventeen 17 Sustainable Development
Goals (SDGs) (Calabrese et al., 2021; Scholz & Brandi,
2017). Each SDG comprises a range of targets to be
achieved by 2030 (Katila et al., 2019). The United Nations
(UN) has acknowledged that “the goal to achieve
affordable and clean energy is particularly important as it
interlinks with its other sustainable development goals
(SDGs) (Munguia et al., 2020). At the time of the present
study, London Gatwick Airport’s environmental policy
was aligned with five of the United Nations Sustainable
Development Goals (SDG) themes and targets. The UN
Sustainable Action Goals (SDGs) adopted by London
Gatwick Airport are SDG 8 Decent work and economic
growth, SDG 9 Resilient infrastructure, SDG 10 Reduced
inequalities, SDG 11 Sustainable cities and communities,
and SDG 13 Climate action (Gatwick Airport Limited,
2021b).

At London Gatwick Airport, energy efficiency is
incorporated in the airport’s refurbishments and capital
projects, ranging in scope from the passenger terminals to
the airport fire station (Gatwick Airport, 2023b).

4.3. London Gatwick Airport Energy Sources

London Gatwick Airport’s two principal energy sources
are electricity and natural gas. London Gatwick Airport
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uses energy 24 hours a day to operate the airfield, the
airport’s two terminal buildings and the operation of more
than 120 businesses based at the airport. The largest
percentage of energy is used for the airport’s lighting,
heating, and cooling of buildings. The airport buildings
have a large number of lifts, escalators, as well as
passenger walkways. The airport’s baggage handling
system, the fixed electrical ground power system (FEGP)
for aircraft and the lighting for stands, taxiways, car parks
and the runway plus there is a system for the baggage
also require energy (Bilton, 2019). Natural gas is primarily
used for heating buildings (Gatwick Airport, 2017).
England has cold winters (Lamb, 2011), and thus, the
airport needs to provide heating for its buildings during the
cold winter months.

It is important to note that not all the energy used on the
airport is within Gatwick’s direct control, as over a third of
energy is re-sold to third party businesses (Gatwick
Airport Limited, 2017). During the period 2019 to 2021,
London Gatwick Airport also procured and used vehicle
and equipment fuel (MI), refrigerant gas, and propane
(Gatwick Airport Limited, 2022b).

In November 2016, operations commenced at London
Gatwick Airport’s waste processing and biomass
generation facility (Baxter & Srisaeng, 2022). Following
the commencement of operations of this new facility,
London Gatwick Airport was the first airport in the world
that could legally dispose of Category 1 waste on site
(Gatwick Airport Limited, 2017; James, 2017; Manuel,
2016). At London Gatwick Airport, Category 1 and other
types of organic waste are converted into biomass fuel that
is used to power the processing plant and provide heating
for the airport’s North Terminal (James, 2017; Manuel,
2016). The system also heats Gatwick’s waste
management site (Bioenergy Insight, 2017). The waste
plant also provides power to the site’s water recovery
system (Lyons Hardcastle, 2017). London Gatwick Airport
contributes to a lower carbon grid through its procurement
of 100% certified renewable electricity. The airport has
purchased this 100% certified renewable electricity since
2013 (Bilton, 2019; Gatwick Airport Limited, 2019).

4.4. London Gatwick Airport Annual Energy
Consumption

London Gatwick Airport’s total annual energy
consumption and the year-on-year change (%) from 2014-
2021 is presented in Figure 3. Figure 3 shows that there
were two discernible trends in the airport’s total annual
energy consumption during the study period. There was a
general upward trend from 2014 to 2018, at which time it
increased from 199,885 MWh in 2014 to a high of 215,392
MWh in 2018 (Figure 3). The most significant annual
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increase in this metric during this period was recorded in
2016, when the airport’s total annual energy consumption
increased by 4.21% on the 2015 levels (Figure 3). Over the
period 2014 to 2018, London Gatwick Airport annual
enplaned passengers and aircraft movements increased on
a year-on-year basis. Consequently, there was a slightly
greater energy requirement to accommodate the growth in
passenger traffic and aircraft movements during the period
2014 to 2018. Figure 3 also shows that the airport’s annual
energy consumption decreased on a year-on-year basis in
2019. In 2019, the airport’s annual energy consumption
decreased by 1.61% on the 2018 levels. This was a
favorable outcome as the airport handled higher levels of
passenger traffic in 2019, and this passenger growth was
accommodated without an increase in additional energy
consumption. Figure 3 shows that London Gatwick
Airport’s annual energy consumption decreased by 35.25%
on the 2019 levels (Figure 3). This decrease reflected
lower levels of passenger traffic and aircraft movements
due to the CORONA-19 virus pandemic and the associated
government and airline response measures. In 2021,
London Gatwick Airport’s consumed 136,854.42 MWh of
energy (Figure 3). This was the lowest annual amount of
energy consumed by the airport during the study period
and represented a 0.24% decrease on the 2020 levels.

Total Annual Energy Consumption
=
N
3

._.
]
Year-on-Year Change (%)

e Total Annual Energy Consumption (MWh)  es==Year-on-Year Change (%)

Fig.3: London Gatwick Airport’s Total Annual Energy
Consumption and Year-on-Year Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 2021a, 2022b).

4.5. London Gatwick Airport Annual Electricity
Consumption

London Gatwick Airport’s annual electricity consumption
and the year-on-year change (%) from 2014 to 2021 is
presented in Figure 4. As can be observed in Figure 4,
London Gatwick Airport’s annual electricity consumption
fluctuated over the period 2014 to 2021. There were three
years in this period where the airport’s annual electricity
consumption increased on a year-on-year basis. These
increases occurred in 2016 (+3.13%), 2017 (+1.39%), and
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2018 (+1.8%), respectively (Figure 4). The airport handled
higher levels of passenger traffic and aircraft movements
in these respective years. These increases in both
passengers and aircraft movements had a concomitant
impact on the amount of electricity that was needed to
handle the increased passenger traffic and aircraft
movements. During the period 2014 to 2021, there were
four years where the airport’s annual electricity
consumption decreased on a year-on-year basis. These
annual decreases were recorded in 2015 (-3.17%), 2019 (-
2.15%), 2020 (-37.75%), and 2021 (-8.05%) respectively
(Figure 4). In 2015 and 2019, the airport handled
increased passenger volumes and was able to
accommodate this traffic growth without an associated
increase in its electricity consumption, which is a very
favorable outcome. As previously noted, the airport
handled significantly fewer passengers and aircraft
movements in 2020 and 2021 due to the COVID-19 virus
pandemic and this too contributed to the lower electricity
requirements in 2020 and 2021. Over the period 2014 to
2021, the airport’s highest annual electricity consumption
occurred in 2018 (154,212.37 MWh), whilst the lowest
annual electricity consumption was recorded in 2021
(89,108.60 MWh) (Figure 4).

Annual Electricity Consumption

‘fear-on-Year Change (%)

2014 2015 2016 2017 2018 2019 2020 2021

Annual Electricity Consumption {(MWh) " ear-on-Yea Change (%)

Fig.4: London Gatwick Airport’s Annual Electricity
Consumption and Year-on-year Change: 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).

An important measure of an airport’s energy efficiency is
the energy consumption (electricity, gas, or fuel) per
enplaned passenger (Graham, 2005) or per workload unit
(WLU) (Baxter et al., 2018). One workload (WLU) or
traffic unit is equivalent to one passenger, or 100
kilograms of air cargo handled (Doganis, 2005; Graham,
2005; Teodorovi¢ & Jani¢, 2017). London Gatwick
Airport’s annual electricity consumption per workload unit
(kWh/WLU) and the associated year-on-year change (%)
from 2014-2021 is presented in Figure 5. Figure 5 shows
that there were two discernible trends in this metric during

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.82.1

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

the study period. There was an overall downward trend in
this metric over the period 2014 to 2019. This overall
downward trend is demonstrated by the year-on-year
percentage change line graph, which is more negative than
positive, that is, all bar one value is below the line. Over
this period, there was a single year when the annual
electricity consumption per workload unit (WLU)
increased on a year-on-year basis. This increase occurred
in 2018, at which time the annual electricity consumption
per workload unit (WLU) increased by 0.90% on the 2017
levels (Figure 5). The airport’s annual electricity
consumption increased by 1.8% in 2018 and this was
higher than the 1.12% increase in passenger traffic in
2018. As a result, the annual electricity consumption per
workload unit (WLU) increased on a year-on-year basis in
2018. Over the period 2014 to 2019, the two most
significant annual decreases in the airport’s electricity
consumption per workload unit (WLU) occurred in 2015 (-
8.16%) and 2017 (-4.04%) (Figure 5). These annual
decreases were very favorable as London Gatwick Airport
handled higher passenger traffic volumes in both 2015 and
2017, and the airport was able to accommodate this
passenger traffic growth whilst also reducing the amount
of electricity consumed per passenger or per workload unit
(WLU) in these respective years. Figure 5 shows that in
2020, the airport’s annual electricity consumption per
workload unit (WLU) increased by 194.13% on the 2019
levels. This was the most significant annual increase in this
metric during the study period. This significant annual
increase in 2020 could be attributed to the airport’s annual
electricity consumption decreasing by 35.73% whilst
passenger volumes declined by 78.17% in 2020, and thus,
there were fewer passengers or workload units (WLUS)
available to spread the airport’s annual electricity
consumption over in 2020. A similar situation occurred in
2021, when this metric increased by 49.52% on the 2020
levels (Figure 5). In 2021. The airport’s annual passenger
traffic decreased by 38.46% on the 2020 levels, whilst its
annual electricity consumption decreased by 8.05% on the
2020 levels. So, once again, there were fewer workload
units (WLUs) available to spread the slightly lower
electricity consumption over. As noted earlier, in both
2020 and 2021, London Gatwick Airport’s passenger
traffic was impacted by the COVID-19 pandemic and the
related pandemic response measures. This led to the
situation where the electricity consumption per workload
(WLU) increased on a year-on-year basis in both years.
However, it is important to note that London Gatwick
Airport procures 100% certified renewable electricity so
the higher annual electricity consumption per workload
unit (WLU) in 2020 and 2021 is still friendly from an
environmental perspective given that renewable energy is
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regarded as being an environmentally friendly energy
source (Jager-Waldau et al., 2011). Indeed, renewable
electricity reduces environmental harm (Sovacool, 2010).
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' ear-on-Yea Change (%)

Fig.5: London Gatwick Airport’s Annual Electricity
Consumption Per Workload Unit (WLU) and Year-on-Year
Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).

An airport’s energy efficiency can also be measured by
energy consumed per aircraft movement (Jani¢, 2011).
London Gatwick Airport’s annual electricity consumption
per aircraft movement and the associated year-on-year
change (%) from 2014 to 2021 is depicted in Figure 6.
Figure 6 shows that there was a general downward trend in
the annual electricity consumed per aircraft movement
over the period 2014 to 2019. This overall downward trend
is demonstrated by the year-on-year percentage change
line graph, which is more negative than positive, that is, all
bar one value is below the line. This is a very favorable
result and shows that the airport has been able to handle
more aircraft each year without incurring a concomitant
increase in the amount of electricity consumed per aircraft
movement. Figure 6 shows that the annual electricity
consumption per aircraft movement increased by 1.85% in
2018. In 2018, the annual aircraft movements increased by
0.68%  whereas the airport’s annual electricity
consumption increased by 1.80%, and this resulted in the
higher annual electricity consumption per aircraft
movement in 2018. The largest single annual decrease in
electricity consumption per aircraft movement was
recorded in 2015, at which time it decreased by 3.57% on
the 2014 levels (Figure 6). Figure 6 shows that there was a
very pronounced spike in this metric in 2020, at which
time it increased by 135.18% on the 2019 level. As noted
earlier, the airport’s annual electricity consumption in
2020 decreased at a lower level than the annual reduction
in the number of aircraft movements at the airport, and
thus, this translated into the higher electricity consumption
per aircraft movement in 2020. The same situation
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occurred in 2021, at which time the airport’s annual
aircraft movements decreased at a higher rate than the
decrease in electricity consumption, and thus, there were
fewer aircraft movements to spread the reduced electricity
consumption over in 2021.

It is important to note that over the past two decades or so,
the size of commercial aircraft has increased. The Airbus
A380 first entered commercial service with Singapore
Airlines in October 2007 (Jackson, 2021; Simons, 2014).
Singapore Airlines was the first airline to take delivery of
the Airbus A380 (Flottau, 2023). The Airbus A380 is the
world’s largest passenger aircraft (Marsch, 2016;
Vermeeren, 2003). Due to its size, the Airbus A380 can
carry at once approximately twice as many passengers as
any other medium-sized aircraft (Ussinova et al., 2018).
Emirates Airline operates the Airbus A380 to London
Gatwick Airport. In February 2000, Boeing Commercial
Airplanes announced the launch of two new longer-range
Boeing 777s (Kemp, 2007). Depending upon the aircraft
cabin configuration selected by airlines, the Boeing B777-
300ER can carry around 20% more passengers than the
Boeing B777-200 (Aviation Week & Space Technology,
1998). The Boeing B777-300ER entered commercial
service in April 2004 (Eden, 2017). The Boeing 747-8
Intercontinental passenger aircraft’s first commercial flight
took place on 1 June 2012 (Asian Aviation, 2012). The
Boeing 787-8 entered commercial service in 2011, whilst
the Boeing 787-9 entered commercial service in August
2014 (Hitt et al., 2019; Kumar & Padture, 2018). The
Airbus A350-900XWB first commercial flight was
operated by Qatar Airways in 2014 (Aircraft Commerce,
2015). Singapore Airlines took delivery of the first Boeing
787-10 on March 14th, 2018 (Davis & Davis, 2020). The
Boeing 787-8 is around 20 seats larger than the Boeing
767-300ER, whilst the Boeing 787-9 has about 20 seats
more capacity than the A330-200 (Aircraft Commerce,
2016).

London Gatwick Airport’s annual electricity consumption
as a share of the airport’s total annual energy consumption
and the associated year-on-year change (%) from 2014 to
2021 is depicted in Figure 7. Figure 7 shows that the
airport’s annual electricity consumption as a share of total
energy consumption has exhibited an overall downward
trend, decreasing from a high of 74.85% in 2014 to a low
of 65.11% in 2021. This overall downward trend is once
again demonstrated by the year-on-year percentage change
line graph, which is more negative than positive, that is, all
bar one value is below the line. Figure 7 shows that this
metric increased by 1.06% in 2017. This increase could be
attributed to the airport’s increased annual electricity
consumption in 2017 (+1.39%) and the lower annual gas
consumption (-2.32%) in the same year. The most
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significant annual decrease in this metric was recorded in
2021, at which time it decreased by 7.82% on the 2020
levels. This decrease came about because of the lower
annual electricity consumption (-8.05%) and increased gas
consumption (+18.54%) in 2021. Figure 7 shows that
electricity was still the largest energy source used by the
airport during the study period (2014 to 2021).

@
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Fig.6: London Gatwick Airport’s Annual Electricity
Consumption Per Aircraft Movement and Year-on-Year
Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).
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Fig.7: London Gatwick Airport’s Annual Electricity
Consumption as a Share of Total Energy Consumption and
Year-on-Year Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).

45. London
Consumption

Gatwick  Airport Natural Gas

As previously noted, natural gas is one of London Gatwick
Airport’s key energy sources. Natural gas (NG) is a
naturally gaseous hydrocarbon mixture that is formed
beneath the earth’s surface (Faramawy et al., 2016;
Speight 2019). Natural gas is a clean burning fuel
(Papagiannakis et al., 2010). Natural gas (NG) is regarded
as the cleanest fossil fuel and is a safe source of energy
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when transported, stored, and used (Faramawy at al.,
2016). Thus, natural gas is widely considered to be an
environmentally cleaner fuel than coal (Cathles et al.,
2012; Liang et al., 2012; Pilavachi et al., 2009).

London Gatwick Airport’s total annual natural gas
consumption and the year-on-year change (%) from 2014
to 2021 is presented in Figure 8. As has been previously
noted, at London Gatwick Airport, natural gas is primarily
used for heating buildings and so gas use at the airport is
significantly affected by the prevailing winter weather
conditions (Gatwick Airport, 2017). As can be observed in
Figure 8, there were two discernible trends in London
Gatwick Airport’s annual gas consumption during the
study period. Over the period 2014 to 2018, there was a
general upward trend in London Gatwick Airport’s annual
gas consumption, when it increased from 50,278.09 MWh
in 2014 to a high of 61,179.86 MWh in 2018 (Figure 8).
Figure 8 shows that there was quite a pronounced spike in
this metric in 2015, when it increased by 11.95% on the
2014 levels due to the higher gas requirements at the
airport in 2015 (Figure 8). There was a further increase in
this metric in 2016, when it increased by 5.14% on the
2015 levels, with this increase being the result of higher
natural gas usage requirements. In 2018, the airport’s
annual gas consumption increased by 5.82%, the third
highest annual increase in the study period, and this
increase higher natural gas usage patterns (Figure 8).
During the early years of the study period, that is, 2014 to
2018, there was a single year when the airport’s annual
natural gas consumption decreased on a year-on-year
basis. This decrease occurred in 2017, when it decreased
by 2.32% on the 2016 levels. This decrease could be
attributed to a lower natural gas usage requirement in
2017. Figure 8 shows that the airport’s annual natural gas
consumption once again decreased on a year-on-year basis
in 2019 (-0.26%), and 2020 (-33.99%). As noted earlier,
the airport’s annual passenger and aircraft movements in
2020 were adversely impacted by the COVID-19 virus
pandemic and the related government and airline response
measures and these factors led to the airport’s lower gas
requirements in 2020. Figure 8 shows that London
Gatwick Airport’s annual natural gas consumption
increased by 18.54% in 2021. Colder than average
conditions were experienced in England in the early part of
2021 and the 2021 winter was colder than average (The
Met Office, 2021).
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Fig.8: London Gatwick Airport’s Annual Natural Gas
Consumption and Year-on-Year Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).

London Gatwick Airport’s annual natural gas consumption
per workload unit (kWh/WLU) and the associated year-on-
year change (%) from 2014 to 2021 is depicted in Figure 9.
As can be observed in Figure 9, London Gatwick Airport’s
annual natural gas consumption per workload unit (WLU)
oscillated over the study period. Figure 9 shows that there
were two years during the period 2014 to 2020 where the
airport’s annual natural gas consumption per workload unit
(WLU) increased on a year-on-year basis. These annual
increases were recorded in 2015 (+6.06%), and in 2018
(+4.72%), respectively (Figure 9). These increases were
due to the airport’s higher natural gas consumption in both
2015 and 2018, which increased at a higher rate than the
annual passenger growth rate in these respective years.
Figure 9 shows that there was a very significant spike in
this metric in 2020, when it increased by 202.29% on the
2019 levels (Figure 9). This increase could be attributed to
the lower number of passengers handled at the airport in
2020. In 2020, passenger traffic declined by 78.17%, whist
natural gas consumption declined by 33.99%. A different
situation occurred, however, in 2021, when this metric
increased by 92.67% on the 2020 levels (Figure 9). In
2021, the airport’s annual passenger traffic or workload
units (WLUSs) decreased by 38.46% on the 2020 levels,
whilst the airport’s natural gas consumption increased by
18.54%. This led to the situation where there were fewer
workload units (WLUSs) available to spread the increased
natural gas consumption over in 2021.
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Fig.9: London Gatwick Airport’s Annual Natural Gas
Consumption Per Workload Unit (WLU) and Year-on-Year
Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).

London Gatwick Airport’s annual natural gas consumption
as a share of the airport’s total annual energy consumption
and the associated year-on-year change (%) for the period
2014 to 2021 is depicted in Figure 10. Figure 10 shows
that there has been a general upward trend in London
Gatwick Airport’s natural gas consumption as a share of its
total energy consumption. This general upward trend is
once again demonstrated by the year-on-year percentage
change line graph, which is more positive than negative,
that is, all bar one value is above the line. Figure 10 shows
that there was a spike in this metric in 2015, when it
increased by 11.84% on the 2014 levels. The airport’s
annual electricity consumption decreased on a year-on-
year basis in 2015, whereas the natural gas consumption
increased by 11.95% in that year. There were several
smaller annual increases in this metric during the study
period. These increases were recorded in 2016 (+0.88%),
2018 (+2.82%), 2019 (+1.37%), and 2020 (+1.97%),
respectively (Figure 10). In 2016 and 2018, the airport’s
annual natural gas consumption increased at a higher rate
than the airport’s annual electricity, and hence, this led to
the natural gas consumption as a share of total energy
consumption being higher in both 2016 and 2018. In 2019
and 2020, the airport’s natural gas consumption decreased
at a lower rate than the airport’s electricity consumption,
and this resulted in the natural gas consumption accounting
for a greater share of the airport’s annual energy
consumption. Figure 10 shows that there was a quite
pronounced spike in this metric in 2021, at which time it
increased by 18.83% on the 2020 levels. As previously
noted, London Gatwick Airport’s annual natural gas
consumption increased by 18.54% in 2021, whilst its
annual electricity consumption decreased by 8.05%, and
thus, these disparities in the energy consumption trends
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resulted in natural gas consumption accounting for a
higher share of the airport’s total annual energy
consumption in 2021.
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Fig.10: London Gatwick Airport’s Annual Natural Gas
Consumption as a Share of Total Energy Consumption and
Year-on-Year Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).

4.6. London Gatwick Airport Annual Onsite
Renewable Energy Generation

As noted earlier, London Gatwick Airport has installed a
waste-to-energy (WTE) system that produces renewable
energy from the biomass boiler and the system also
produces heating. London Gatwick Airport’s annual onsite
renewable energy generation and the associated year-on-
year change (%) from 2014 to 2020 is depicted in Figure
11. Figure 11 shows that the airport’s annual onsite
renewable energy generation oscillated throughout the
study period. The highest annual onsite renewable
generation was recorded in 2017, at which time the airport
produced 57.09 MWh of renewable energy. The lowest
annual onsite renewable generation was recorded in 2019,
at which time the airport produced 33.99 MWh of
renewable energy (Figure 11). Figure 11 shows that there
were two pronounced spikes in this metric during the study
period. The first spike was recorded in 2017, at which time
it increased by 31.74% on the 2016 levels, and in 2020,
when it increased by 32.85% on the 2019 levels (Figure
11). The airport was able to increase its operational and
commercial waste recovered for energy (%) in both 2017
and 2020. Figure 11 also shows that there were two quite
pronounced annual decreases in this metric during the
study period. These decreases were recorded in 2016 (-
18.35%), and 2019 (-36.97%), respectively (Figure 11).
The airport’s annual operational and commercial waste
recovered for energy (%) declined quite significantly in
2019 (Gatwick Airport Limited, 2020b).
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Fig.11: London Gatwick Airport’s Annual On-Site
Renewable Energy Generation and Year-on-Year Change
(%): 2014 -2020).

Note: 2021 data not available.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214a).

London Gatwick Airport’s annual onsite renewable energy
consumption as a share of total energy consumption and
the associated year-on-year change (%) from 2014 to 2020
is depicted in Figure 12. Figure 12 shows that this metric
oscillated over the study period, decreasing from a high of
74.8% in 2014 to a low of 70.6% in 2020. There was one
year in the study period where this metric increased on a
year-on-year basis. This increase occurred in 2017, when it
increased by 1.1% on the 2016 levels. The most significant
single annual decrease in this metric was recorded in 2015,
when it decreased by 3.20% on the 2014 levels (Figure
12). This decrease in 2015 reflected differing energy
consumption and energy production patterns in that year.
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Fig.12: London Gatwick Airport’s Annual Renewable
Energy Consumption as a Share of Total Energy
Consumption and Year-on-Year Change (%): 2014 -2020).

Note: 2021 data not available.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 2021a).

An important environmental benefit of the waste-to-energy
(WTE) system at London Gatwick Airport is that it
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generates 1MW of renewable energy from the biomass
boiler (Walker, 2016). London Gatwick Airport’s waste-
to-energy plant can also generate 22,500kW of heat each
day. Importantly, green, or renewable energy, produces no
greenhouse gas emissions from the combustion of fossil
fuels. Consequently, this reduces some forms of harmful
air pollution (United States Environmental Protection
Agency, 2022). In addition, the use of green or renewable
energy sources enables a firm or user to reduce their
dependency on fossil fuels, improve their energy
efficiency, and mitigate their greenhouse gas emissions
(Arman & Yuksel, 2013).

4.7. London Gatwick Airport Energy Saving Measures

Airports all around the world are increasingly focusing on
energy efficiency and, as a result, are implementing energy
saving measures. The improvement of energy efficiency
and environmental performance of buildings is
increasingly regarded as being a major priority for airports
all around the world (Fesanghary et al., 2012). In recent
years, there has been a growing interest in targeting energy
efficiency as a roadmap for carbon mitigation strategies
and measures, limiting energy use, improving buildings’
energy performance, and reducing energy consumption for
achieving sustainable buildings (Hafez et al., 2023).
Energy efficiency through investment in energy saving
measures leads to long lasting results for the firm
(Henryson et al., 2000). The measures employed to save
energy vary in nature, and the decision maker is required
to establish an optimal solution, considering multiple and
usually  competitive  objectives such as energy
consumption, financial costs, environmental performance,
and so forth (Diakaki et al., 2010). Furthermore, saving
energy has an important role in the concerted actions to
mitigate the effects of global warming, especially the
energy consumed by the existing buildings (with various
energy consuming functions, or possibly inefficient
energy), by implementing environmentally friendly
solutions (Prada et al., 2020). Consequently, a very
important trend in recent times has been the introduction of
a wide range of energy saving measures by airports
(Baxter, 2021; Emeara et al., 2020). These energy saving
measures are enabling airports to optimize their energy
consumption, whilst at the same time mitigating their
impact on the environment. Gatwick Airport Limited has
been one such company that has implemented various
energy efficiency measures and these are discussed below.

During 2016, “Airport Cars”, London Gatwick Airport’s
on-airport taxi provider, began introducing electric and
hybrid vehicles to its fleet, including state-of-the-art Tesla
cars. The use of electric powered vehicles enabled Airport
Cars to provide emission-free travel within a 10-mile
radius of the Airport. In 2016, the airport joined the
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Government’s “Go Ultra Low Companies” initiative and in
the same year London Gatwick Airport launched a low-
emission taxi service with Airport Cars, the airport’s on-
airport taxi company (Gatwick Airport Ltd, 2017).

In April 2016, the airport opened its new Pier 1, a modern
pier and combined baggage handling facility that was
designed to meet its latest technical standards. The new
Pier 1 incorporated high efficiency lighting, heating,
ventilation, and air conditioning (HVAC) and baggage
systems. In 2016, major project work was undertaken in
the airport’s North Terminal to create a new passenger
security area, provide a large new airline check-in facility
as well as the refurbishment of international arrivals; all
these projects enabled the airport to upgrade the energy
efficiency of lighting, controls, and plant. The airport also
commenced a program to relocate several airlines to
different terminals - the “Airline Moves” project. This
project involved the refurbishment of offices, passenger
lounges, workshops, passenger check-in and other
facilities; this work allowed many systems to be upgraded
in terms of energy efficiency — many directly by the
airport. In particular, third-party office accommodation in
Jubilee and Atlantic House, was fully fitted out to Gatwick
Airport Limited technical standards which included energy
efficient LED lighting and controls. Also, in 2016, London
Gatwick Airport announced the first point-to-point electric
car sharing service at a UK airport, opened its new Pier 1,
which features high efficiency lighting and baggage
systems, completed major upgrades to the North Terminal
passenger check-in, security, and arrivals areas, which
incorporated energy efficient lighting and controls. The
airport also commenced a multi-year program to
decentralize its South Terminal boiler plant during 2016
(Gatwick Airport, 2017).

London Gatwick Airport is investing in electric vehicle
infrastructure for airport operations and public transport.
As part of this policy, the airport’s fleet of light medium
duty vehicles that can be replaced with suitable electric
models are being replaced at the end of their life cycles. In
2017, the airport also trialed the VVolkswagen e-Crafter van
in pre-production, becoming the first UK-based airport to
do so. In addition, the airport was the first United
Kingdom-based airport to take up the “Bluecity” electric
car sharing service (Gatwick Airport Limited, 2018b). The
replacement of internal combustion engine powered airport
ground support vehicles and equipment with cleaner
energy powered vehicles could potentially reduce carbon
dioxide (COp), carbon monoxide (CO), hydrocarbons
(HC), nitrogen oxides (NOXx), and particulate matter (PM)
(Gellings, 2011). This is because electric powered vehicles
(EVs) have high energy efficiency and low pollutant and
greenhouse gas (GHG) emissions when compared with
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conventional internal combustion engine vehicles (ICEVS)
(Zhao et al., 2015).

Airports are increasingly installing light-emitting diodes
(LED) systems as an energy efficiency and reduction
measure (Budd et al., 2015; Freyssinier, 2014). Light-
emitting diodes (LEDs) are regarded as being a practical
option for airports due to airport’s requirements for
colored light as well as low light output requirements
(Baxter et al., 2018). In 2017, London Gatwick Airport
completed the second phase of a multi-year runway
lighting upgrade by installing over 550 light emitting diode
(LED) “threshold and approach” lights that are used guide
incoming aircraft to the airport. The light emitting diode
(LED) lights have a lifespan of 50,000 hours and are 50%
more energy efficient than the previous halogen lights. In
2012, the airport’s main runway lighting was switched to
light emitting diode (LED) lighting, so Gatwick’s runway
lighting, which is comprised of 1,100 individual lights, is
now 100% LED-based (Gatwick Airport, 2018b).
Importantly, LED light sources have significantly lower
maintenance costs due to their lower power requirements
and have a longer life span (Bullough, 2012; Stasinopoulos
et al., 2009; Steele et al., 2016). LED lighting is also
regarded as being more environmentally friendly (Atlas,
2013; Lee et al., 2020; Roland, 2018). Also, in 2017, the
airport completed Phase 2 of the South Terminal boiler
plant decentralization program as well as three large scale
terminal lighting upgrade projects (Gatwick Airport,
2018b).

London Gatwick Airport has introduced more than 200
charging points that are to charge electric-powered ground
service equipment (GSE). Installing electric charging
stations enables an airport to support sustainable ground
transportation (Nam, 2019). In addition, fixed electrical
ground power systems (FEGP) are fitted at all the airport’s
aircraft parking stands. Also, in 2018, the airport
completed the full refurbishment of its airfield
maintenance  workshop  building.  The  building
refurbishment included a complete upgrade of the building
fabric, HVAC system, and lighting. The airport also
progressed designs for Phase 3 of the South Terminal
boiler plant decentralization (Gatwick Airport, 2019).

In 2020, London Gatwick Airport continued to work on
infrastructure planning for electric and fuel-cell vehicle
with partners including Metrobus, UKPNS, Gridserve and
Source London (Gatwick Airport, 2020b).

The low-cost carrier (LCC) Easyjet, in partnership with
World Fuel Services, has introduced an electric hydrant
dispenser system at London Gatwick Airport which will
serve the airline’s fleet at the airport (Craig, 2021; Otley,
2021). This system was the first in the United Kingdom.
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Based on diesel equivalents which are estimated to burn
6,630 litres of diesel every year, the new electric hydrant
dispenser can reduce 18,000 kgs of carbon dioxide (CO,)
emissions annually. The electric hydrant dispenser adds to
the electric ground services equipment (GSE) already
supporting Easyjet aircraft operations at London Gatwick
Airport (Otley, 2021). As noted earlier, ground service
equipment (GSE) refers to vehicles and equipment that are
used in the airport precinct to service aircraft whilst they
are at the gate in between flights (Hazel et al., 2011). At
London Gatwick Airport, 40% of the airfield’s ground
support equipment (GSE) is electric, including baggage
tugs and an increasing number of pushback tugs and
aircraft high loaders (Gatwick Airport, 2023c).

4.8. The Use of Sustainable Aviation Fuel (SAF) at
London Gatwick Airport

Prior to examining the deployment of sustainable aviation
fuels (SAF) at London Gatwick Airport, it is important to
note that one of the most significant trends in the global
aviation industry in recent times has been the uptake in the
use of sustainable aviation biofuel. Airlines now regard the
use of aviation biofuel as being a key environmental
sustainability measure (Baxter et al., 2020; Bittner et al.,
2015; Cortez et al., 2015). As a result, alternative jet fuel
(AJF) technologies have gained considerable interest and
are now regarded as a way for the air transport industry to
achieve large, near-term emissions reductions (Staples et
al., 2014). The use of renewable jet fuels (RJFS) is being
viewed as an option for the aviation sector meeting its
greenhouse gases (GHG) reduction targets (Capaz et al.,
2020). Consequently, aviation biofuels are therefore
becoming an important substitute for fossil fuel in the
airline industry. The use of aviation biofuels help with an
airline’s sustainability goals as they are environmentally
friendly (Su et al., 2015). Furthermore, the replacement of
fossil fuels by sustainable aviation biofuels is one of the
principal strategies adopted by airlines to decrease their
carbon dioxide (CO2) emissions by 50% by 2050 (Bauen
& Nattrass, 2018; Dodd et al., 2018).

On 3rd October 2018, Gatwick welcomed Virgin
Atlantic’s history making flight VS16 from Orlando. This
was the first commercial flight into the United Kingdom
with fuel made partly from industrial waste gas missions.
In a process pioneered by LanzaTech, waste emissions are
converted into ethanol alcohol which is blended with
conventional jet fuel (Gatwick Airport, 2019).

In October 2021, London Gatwick Airport utilized
sustainable aviation fuel (SAF) on all Easyjet flights that
were operated during the COP26 climate conference that
was held in Glasgow, Scotland. The first of a total of 42
Easyjet flights departed the airport on 19 October 2021,
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and this flight was powered by a 30 percent Neste SAF
blend. This was the first flight to depart from the airport
that has used sustainable aviation fuel (SAF). The flight
was also the first usage by any easyJet service operating in
the United Kingdom (International Airport Review, 2021b;
Otley, 2021).

The sustainable aviation fuel (SAF) was delivered by
Q8Aviation to Gatwick. The SAF, which was
manufactured by Neste, was produced from 100 per cent
renewable and sustainable waste and residue raw
materials, such as used cooking oil and animal fat waste
(Craig, 2021; Otley, 2021). For delivery into aircraft, the
sustainable aviation fuel (SAF) is blended with Jet A-1
fuel at a depot upstream of Gatwick Airport to create a
drop-in fuel that is compatible with existing aircraft
engines and the airport infrastructure. Q8Aviation then
delivers the fuel to the main storage tanks at Gatwick
Airport for supply to Easylet aircraft via the airport’s
hydrant system (International Airport Review, 2021b;
Otley, 2021).

V. CONCLUSION

This case study, which was based on an in-depth
longitudinal research design, has examined London
Gatwick Airport’s energy management. The case study
covered the period 2014 to 2021. The qualitative data used
in the study was examined by document analysis.

London Gatwick Airport has two principal energy sources:
electricity and natural gas. During the period 2019 to 2021,
London Gatwick Airport also procured and used vehicle
and equipment fuel (MI), refrigerant gas, and propane. The
case study revealed that London Gatwick Airport
contributes to a lower carbon grid through its procurement
of 100% certified renewable electricity. The airport has
purchased this 100% certified renewable electricity since
2013. This measure has enabled the airport to mitigate its
environmental impact. An important energy-related
development at London Gatwick Airport, has been the
airport’s waste processing and biomass generation facility,
which began operations in November 2016. At London
Gatwick Airport, Category 1 and other types of organic
waste are converted into biomass fuel that is used to power
the processing plant and provide heating for the airport’s
North Terminal. The system also heats London Gatwick
Airport’s waste management site. The waste plant also
provides power to the site’s water recovery system.

The case study also showed that London Gatwick
Airport’s annual electricity consumption fluctuated over
the period 2014 to 2021. There were four years in this
period where the airport’s annual electricity consumption
increased on a year-on-year basis. These increases
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occurred in 2016 (+3.13%), 2017 (+1.39%), and 2018
(+1.8%), respectively. The airport handled higher levels of
passenger traffic and aircraft movements in these
respective years. These increases in both passengers and
aircraft movements had a concomitant impact on the
amount of electricity that was needed to handle the
increased passenger traffic and aircraft movements.
During the period 2014 to 2021, there were four years
where the airport’s annual electricity consumption
decreased on a year-on-year basis. These annual decreases
were recorded in 2015 (-3.17%), 2019 (-2.15%), 2020 (-
37.75%), and 2021 (-8.05%), respectively.

The case study revealed that there were two discernible
trends in London Gatwick Airport’s annual natural gas
consumption. Over the period 2014 to 2018, there was a
general upward trend in London Gatwick Airport’s annual
gas consumption. In the latter years of the study, that is,
2019 and 2020, there was a downward trend in the
airport’s natural gas consumption. Like other airports
around the world, London Gatwick Airport was impacted
by the COVID-19 pandemic and the related pandemic
response measures in both 2020 and 2021. In 2021, the
airport’s annual; natural gas consumption increased by
18.54%. England experienced a cold winter in 2021, and
thus, this had a concomitant impact on the airport’s heating
requirements in 2021.

Throughout the study period, London Gatwick Airport
introduced a range of energy efficiency related measures.
These measures include the installation of high efficiency
lighting, heating, air conditioning, and ventilation (HVAC)
systems, the upgrading of the airport’s boiler plant, the
installation of an electricity powered hydrant dispenser,
and the installation of more energy efficient light emitting
diode (LED) lighting. The airport is also replacing its fleet
of airport vehicles with electric powered vehicles. In
addition, the airport is transitioning towards the use of
electricity powered ground service equipment (GSE).
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Abstract— In the face of climate change, the optimization of crop diversification policy in Cote d'lvoire must
go through research and promotion of crops of interest that require little water, including Aloe vera.
However, in view of its slow growth in nursery, the improvement of growth substrate fertility by the supply
of nutrients is necessary. Thus, this study aims at assessing the effects of six organic matter formulations on
Aloe vera growth in nursery. To this end, a completely randomized block experimental design comprising
six treatments and three replications was carried out. The amendments tested were cow dung, chicken
droppings, charcoal, banana tree stems and ripe plantain and dessert bananas. The results showed substrate
pH variability (6.67 to 7.87) depending on the amendments. Leaf emergence speed increased with cow dung
from the 80" day after planting. Similarly, the highest number of leaves was obtained with cow dung (9.33
leaves). With 22.89 cm in average length and 1.65 cm in average width, the leaves generated with cow dung
were also the longest and widest. This study showed that cow dung promotes rapid Aloe vera growth in

nursery.

Keywords— Climate change, Crop diversification, Aloe vera, Nursery, Organic matter

I INTRODUCTION

Codte d'lvoire has based its economy since its
independence on agriculture. This agriculture is dominated
by cash crops such as coffee, cocoa, oil palm, cotton and
rubber (Sangaré et al., 2009). Alongside these cash crops,
there are food crops such as bananas. With an annual yield
estimated at 1.6 million tons (Nindjin et al., 2003), it ranks
third in terms of food production. It is an important source
of income, employment and export earnings (Foure &
Tezenas, 2000). Moreover, food crops contribute to local
and regional economic development, ensuring regular
income for producers.

However, the rapid growth of the Ivorian population,
which rose from 2630000 in 1950 to 21295000 in 2015
(Kouakou et al., 2018) has a significant impact on
agriculture. Indeed, this population growth has led to strong
anthropogenic pressure on arable land and a strong
reduction in the area occupied by forests. This situation has
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been exacerbated in recent years by insufficient and
irregular rainfall, subjecting crops to water stress, which
seriously limits their growth as well as plant productivity
(Zerrad et al., 2008). Consequently, farmers are faced with
a drop in their agricultural yield and therefore in their
income. Faced with this observation, the optimization of
crop diversification policy through research and the
promotion of crops of interest and requiring little water is
necessary. Aloe vera, which appears to be an interesting
alternative, fits in this perspective.

Indeed, Aloe vera is a succulent plant that can grow
with low or irregular water availability (Svjetlana et al.,
2020). Moreover, the presence of bitter anthraquinones and
other polyphenolic components makes the plant unattractive
to pests and pathogens (Gharib, 2021). Aloe vera is mainly
cultivated for its leaves from which juice and gel are
extracted, which give rise to the development of products
with diversified uses to such an extent that the plant has now
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become a marketing strategy (Onyinyechi et al., 2021). The
main producing countries are Mexico, Venezuela and the
Dominican Republic. In this regard, the American continent
alone produces 60% of Aloe vera gel sold in the world,
while the remaining 40% comes from Asia and Australia
(Michayewicz, 2013). In these countries, Aloe vera is grown
to meet the ever-increasing international demand.
According to IMF estimates, the Aloe vera market could
bring in more than $3.3 billion dollars by 2026 (Anonymous
1, 2022). For Africa and other developing countries, this
could therefore become a major financial windfall.

In West Africa, Nigeria is the leading Aloe vera
producer. However, its yield is intended for the local market
(Michayewicz, 2013). In Cote d'lvoire, Aloe vera is an
unknown plant that is mainly grown as an ornamental plant
on degraded soils. Its cultivation is preferably done
vegetatively because of the rapid growth of suckers
compared to propagation through seeds. These can be cut
from the mother plant when they reach 15-20 cm in length,
and can be cultivated in nursery in the first year
(Michayewicz, 2013). However, growth in nursery lasts a
year or more due to the slow growth of this plant which can
give vigorous plants to be transplanted to the field. Thus,
any attempt to promote this plant must think about
improving growth substrate fertility by providing nutrients
to boost its cultivation.

To date, it is difficult to find works devoted to the
search for standard amendments for a sustainable and large-
scale Aloe vera yield. The hypothesis we put forward is that
the contribution of organic matter to the soil would
positively influence Aloe vera growth parameters. Thus this
study, which was carried out in Daloa in west central Cote
d'lvoire, aims at assessing the effects of six organic matter
formulations on Aloe vera growth in nursery. The organic
matter used in this study were composed of plant and animal
waste from the Daloa region.

1. MATERIAL AND METHODS
Study site

This study was conducted on an experimental plot at
the University Jean Lorougnon Guédé (UJLoG) located in
the department of Daloa (West central Cote d'lvoire). It is
bounded by the West longitudes 6.48° and 6.41° and the
North latitudes 6.91° and 6.84° (Adjiri et al., 2018). The
climate of this region is of the subequatorial Attiean type
(Adjiri et al., 2020) with two seasons, namely a dry season
and a rainy season. The dry season extends over four months
(November to February). As for the rainy season, it lasts
eight months and extends from March to October. The
wettest months are April, August and September when an
average of 103.58 mm of rain is recorded each year.
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Furthermore, the average annual temperature is 26.3°C and
the months of November and May are the driest with
average temperatures of 26.2 and 27.9°C, respectively (Dro
et al., 2020). The soils in this area are generally ferralitic,
moderately leached on firm land and sandy hydromorphic
(Zro et al., 2018).

Methodology
Trial set up

The trial was set up in December 2020 and lasted
four (04) months. The plant material used in this study
consisted of Aloe vera suckers with a size between 15 and
20 cm (Michayewicz, 2013). These all-comer suckers were
collected from different districts of Daloa near homes.

The organic amendments tested included:
— Cow dung (1);
— Chicken droppings (2);
— Charcoal (3);
— Banana tree stems or banana stipes (4);
— Ripe plantain (5);
— Ripe dessert banana (6);

The soil used as substrate was collected from the
experimental plot of UJLoG. The organic matter tested were
mixed with soil in 15-cm high pots with a surface area of
0.0176 m2,

For each pot the height was divided into three (03)
of which 2/3 were filled with soil and 1/3 with the
amendment except for the pots containing the bananas.
Indeed, at this point, the pots were completely filled with
soil and then holes were made in each banana which,
subsequently, were buried in the ground at the rate of one
banana per pot. In each pot, the suckers were buried so that
only the roots were covered with the substrate except for
dessert bananas and plantains where the suckers were buried
in the holes made inside them and then covered with
substrate. The control was made up of a pot filled entirely
with soil collected from the experimental plot. The
Experimental Design was a completely randomized block
with 3 replications (Fig. 1). Plant monitoring consisted of
watering as needed when the surface of the substrate was
dry. Also, regular cleaning was carried out in order to avoid
any competition of weeds with Aloe vera plants.
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Substrate 1 | | Substrate 2 _
Substrate 5 | | Substrate 4 _
Substrate 3 | | Substrate 7 -
Substrate 6 | | Substrate 1 _
Substrate 2 | | Substrate 6 _
Substrate 7 | | Substrate 3 _
Substrate4 | | Substrate 5 _

Blockl || Block2 || Blocka™

Fig 1: Experimental design

Substrate 1: Control; Substrate 2: Soil + cow dung;
Substrate 3: Soil + chicken droppings; Substrate 4: Soil +
charcoal; Substrate 5: Soil + banana stipes; Substrate 6:
Soil + ripe plantain; Substrate 7: Soil + ripe dessert
banana.

Parameters measured

The observations focused on substrate growth
parameters and pH monitoring. Substrate pH, determined
by the electrometric method with a pH meter (Alla et al.,
2018) was measured every 20 days. The probe was pushed,
after cleaning with a cloth, into the substrate about 10 cm
followed by the reading one (01) minute later. This
operation was repeated three times at different locations of
the substrate contained in each pot in order to calculate the
average for result reliability.

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

The growth parameters concerned leaf emergence
speed, the number of emerged leaves, leaf length and width
over time. Thus, a leaf was considered new when its length
reached 4 cm (Yosser, 2012). The length of the new
generated leaves as well as their width were taken every 20
days using a graduated ruler.

Statistical analysis of data

The data collected was subjected to statistical tests
using Statistica 7.1 software. An analysis of variance made
it possible to assess the effects of amendments on Aloe vera
sucker growth. The hypothesis of equality of averages was
assessed at a. risk = 5%. If this last hypothesis was rejected,
the Newman-Keuls multiple comparison test (at a risk
threshold = 5%) made it possible to classify the averages
into homogeneous groups.

Il.
3.1. Results
3.1.1. pH of the different substrates

RESULTS AND DISCUSSION

The measured pHs varied from 6.67 to 7.87 and are
shown in Table 1 and Fig. 2. The pH values showed a
significant difference (P<0.05) regarding substrates.

Compared to the pH of the control which was 7.87
and which represented the starting pH of the substrates, the
input of amendments led to a drop in the pH of the
substrates. A very significant reduction was obtained with
cow dung, ripe plantain, chicken droppings and charcoal
amendments. However, these pH remained basic with the
exception of the substrate amended with charcoal powder
which was acidic (6.67).

Table 1: Average pHs of the studied substrates

S1 S2 S3

S4

S5 S6 S7 P

Average

ab
oH 7.59

7.87% 7.36°

6.67¢

7.69% 7.49° 7.73® 0.00

The averages on the same line followed by different letters are significantly different at 5% threshold.

S1: reference; S2: Soil + cow dung; S3: Soil + chicken droppings; S4: Soil + charcoal; S5: Soil + banana stipes; S6: Soil +
ripe banana plantain; S7: Soil + ripe dessert banana; P: Probability
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1 S2 S3 S4 S5 S6 S7

Substrates

Average pH
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S

Fig. 2 : Average pHs depending on the substrates

S 1: Control; S 2: Soil + cow dung; S 3: Soil + chicken droppings; S 4: Soil + charcoal; S 5: Soil + banana stipes; S 6: Soil
+ ripe plantain; S 7: Soil + ripe dessert banana

3.1.2. Leaf emergence speed significantly influence (P > 0.05) new (Table 2). However,
Leaf emergence speed followed the same evolution Figure 3 shows a slight increase in leaf emergence speed
h .
regardless of the type of substrate (Fig. 3). The analysis of from the 80" day atl;ter planting on su_bstrate 2 (cow dung)
variance of the data shows that the amendments used did not and from the 100™ day after planting on the substrate
amended with chicken droppings (substrate 3).
Ro] 10 r —eo— Substrate 1
8 o9
= —e— Substrate 2
o 8
S —o— Substrate 3
Q7
% Substrate 4
o 6 —e— Substrate 5
5 5
N —o— Substrate 6
[6)
€ 4 —e— Substrate 7
2 3
c
()
j=
S
1
g
O 1 1 1 J

40 days 60 days 80 days 100 days 120 days
Measurement time

Fig. 3 : Evolution of the average number of leaves generated on the substrates depending on time

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.82.2 27



https://dx.doi.org/10.22161/ijeab.82.2

Désiré et al.

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

Table 2: Average number of leaves generated on the substrates

S1 S2 S3 S4 S5 S6 S7 P
40 days 0.33% 0.672 0.332 0.67% 0.33% 0.33% 0.67% 0.93
60 days 0.67° 1.67¢ 1.33* 1.00? 1.00? 1.67¢ 1.00? 0.33
80 days 1.672 2.67% 2.332 2.33% 1.672 2.67% 2.00% 0.34

100 days 2.67% 5.332 3.332

3.00° 3.00° 3.332 3.00% 0.17

120 days 3.67° 9.33? 6.67°

4.33° 3.67° 4.33° 4.33° 0.17

The averages on the same line followed by different letters are significantly different at 5% threshold.

S1: reference; S2: Soil + cow dung; S3: Soil + chicken droppings; S4: Soil + charcoal; S5: Soil + banana stipes; S6: Soil +
ripe banana plantain; S7: Soil + ripe dessert banana; P: Probability

3.1.3. Number of emerged leaves

The number of emerged leaves on the different
substrates is illustrated by Fig. 4. Organic fertilizers
increased the number of emerged leaves except banana tree
stems which generated a number (3.67 leaves) identical to

[
o
i

Average number of leaves
o P N W b~ OO N 00 ©
1

that of the control (3. 67 leaves). The highest number of
leaves was obtained on substrates 2 (9.33 leaves) - cow
dung-based - and 3 (6.67 leaves) - chicken dropping-based
-, respectively. However, statistical analysis revealed no
significant difference (P > 0.05).

S1 S2 S3 S4 S5 S6 S7

Substrates

Fig. 4 : Number of leaves generated depending on the substrates

S 1: Control; S 2: Soil + cow dung; S 3: Soil + chicken droppings; S 4: Soil + charcoal; S 5: Soil + banana stipes; S 6: Soil
+ ripe plantain; S 7: Soil + ripe dessert banana

3.1.4. Effect of amendments on the length of new
generated leaves

Fig. 5 shows that the average length of generated
leaves on amendeded substrates increased with time.
However, the leaves generated on the amended substrates
were longer than those generated on the non-amended
control. Thus, significant differences (P<0.05) were
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observed from the 80" day (Table 31). Substrate 2, with cow
dung, was the one that produced the longest leaves from the
40™ day after planting (8.50 cm) to the 120" day (22.89 cm).
It was followed by the one with chicken droppings even if
on the 120" day after planting no significant difference was
observed between substrates 2, 3 and 4. The same was true
for substrates 1,5,7 where no significant difference was
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observed although the average lengths of generated leaves
on substrates 5 and 7 were greater than those of the leaves
generated on the control from the 100" day.

30 r
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=
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Average leaves length (cm)
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Substrates

®40days ®60days ™80days ©100days ™ 120 days

Fig. 5 : Evolution of the average length of leaves generated on the substrates depending on time

S1: Control; S2: Soil + cow dung; S3: Soil + chicken droppings; S4: Soil + charcoal; S5: Soil + banana stipes; S6: Soil + ripe

plantain; S7: Soil + ripe dessert banana

Table 3: Average length of leaves generated on substrates

S1 S2 S3 S4 S5 S6 S7 P
40 days 4.00? 8.50% 6.90% 7.70% 4.75% 4.402 6.30% 0.38
60 days 5.90% 13.25% 13.00% 10,452 8.60% 7.90° 8.20% 0.37
80 days 7.16¢ 16.782 15.16% 13.843k¢ 9.928bc 12.223¢ 8.88 0.00
100 days 9.38° 19.60? 18.832 15.66% 12.08° 13.79% 10.53° 0.00
120 days 11.49° | 22.89° 21.712 20.242 14.00° 17.12% 12.43° 0.00

The averages on the same line followed by different letters are significantly different at 5% threshold.

S1: reference; S2: Soil + cow dung; S3: Soil + chicken droppings; S4: Soil + charcoal; S5: Soil + banana stipes; S6: Soil +
ripe banana plantain; S7: Soil + ripe dessert banana; P: Probability

3.1.5. Effect of Amendments on center width of new
generated leaves

Fig. 7 shows the average width of Aloe vera leaves
of measured on the different substrates. Significant
differences (P < 0.05) between the substrates were observed
on the 80™ day after planting (Table 4). The amended
substrates all favored good leaf width growth compared to
the control. The substrates amended with cow dung and
chicken droppings induced better Aloe vera leaf width
growth. However, cow dung promotes leaf width growth
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better than chicken droppings. Indeed, the highest average
width was obtained with cow dung (1.34 cm). On the 100™
day after planting, cow dung and chicken droppings
generated the largest leaves with averages of 1.43 cm and
1.39 cm, respectively. After 120 days of planting, the widest
leaves were still those obtained on substrates amended with
cow dung (1.65 cm) and chicken droppings (1.61 cm). The
lowest averages were obtained with the control substrate
even if between the 100" and 120" day after planting, the
leaves obtained on substrate 5 had the same average width
as those obtained on the control.
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Fig 6: Evolution of the average width of the leaves generated on the substrates depending on time

S1: reference; S2: Soil + cow dung; S3: Soil + chicken droppings; S4: Soil + charcoal; S5: Soil + banana stipes; S6:
Soil + ripe banana plantain; S7: Soil + ripe dessert banana

Table 4: Average width of the leaves generated on substrates

S1 S2 S3 S4 S5 S6 S7 P
40 days 0.20? 0.85? 0.40% 0.55% 0.30% 0.40% 0.50% 0.68
60 days 0.70? 1.20% 1.10% 0.90% 0.80% 0.95% 0.70% 0.06
80 days 0.86° 1.342 1.24% 1.00% 0.92%® 1.24% 0.92%® 0.01
100 days 0.91° 1.432 1.392 1.09% 0.95P 1.21%® 1.03° 0.02
120 days 0.97° 1.652 1.612 1.19° 0.97° 1.27° 1.06° 0.00

The averages on the same line followed by different letters are significantly different at 5% threshold.

S1: reference; S2: Soil + cow dung; S3: Soil + chicken droppings; S4: Soil + charcoal; S5: Soil + banana stipes; S6: Soil +
ripe banana plantain; S7: Soil + ripe dessert banana; P: Probability

3.2. Discussion

The pH of Aloe vera growth substrates evolved
differently depending on the types of amendment ranging
from 7.87 to 6.67. The organic amendments supplied
therefore did not have the same influence on the
modification of soil pH. The variability of pH takes into
account the nature of organic amendments (Koulibaly,
2011). Charcoal input resulted in an acidic pH while other
inputs kept the soil at a basic pH. This result is in
contradiction with the results which tend to show that
charcoal, due to its adsorbent properties, tends to increase
soil pH (Bio, 2016). We could explain our results by the
quality of charcoal used or the management of the crop. For
example, poorly controlled irrigation can lead to excessive

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.orq/10.22161/ijeab.82.2

drainage, loss of bases and Ca?* at depth, resulting in
acidification of the surface (Koulibaly, 2011). However, the
variation in pH was not an obstacle to the cultivation of aloe
in nurseries. These results are in agreement with some
authors who have shown that Aloe vera is generally
cultivated on soils whose pH varies between 6.0 and 7.20
and can even tolerate high pHs (Anonymous 2, 2022;
Gharib, 2021).

Leaf generating speed and total number of generated
leaves, although improved by the input of organic
fertilizers, were not statistically different from one substrate
to another before 80 days after sowing. One could conclude
that the examination of the comparative rhythms of
emergence of Aloe vera leaves is first of a genetic order. As
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a result, it provides information both on the size of the leaf
system and on the number of leaves up to the adult stage of
the plant (Vincourt, 1984). However, these genetic
characteristics can be influenced by the cultivation
environment. Indeed, at 80 and 100 days after planting, it
was noted the intensification of leaf emergence on the
substrates amended with cow dung and chicken droppings,
respectively. In fact, these organic constituents have, in the
meantime, been mineralized to be made available to the
plant for its development (Segnou et al., 2012; Etter, 2017).

The amendments supplied have relatively improved
Aloe vera leaf growth in length and width. According to
Djéké et al., (2011) and Useni et al., (2013), the
decomposition of organic fertilizers raises the levels of soil
nutrients available to plants. These results would therefore
result from a favorable action of the nitrogen and humus
contained in these organic amendments, in particular cow
dung and chicken droppings (Dembele, 2014). Indeed,
according to Eleiwa et al. (2012), plant vegetative growth is
positively correlated with nutrient absorption, in particular
nitrogen which plays an important role in the increase in leaf
area index and generation as well as photosynthetic activity.
In addition, the results obtained in plants that received
chicken droppings could be explained by the essential role
that assimilable phosphorus, released into the soil by this
manure, plays in growth and development, as well as in
plant metabolism and energy transport (Ouedraogo et al.,
2014). Similarly, according to Kouassi et al. (2017),
charcoal contributes to nitrogen immobilization. In fact,
adding charcoal to heavily weakened tropical soils improves
their physical, chemical and biological properties. As a
result, these soils can acquire good cation exchange
capacities (CEC) and better abilities to retain and recycle
nutrients over long cultivation periods. These results would
therefore be attributable to this capacity possessed by
charcoal. Through the effects due to banana, it seems that
nitrogen assimilation by plants is favored by the strong
presence of potassium and phosphorus in banana peel, as
thought by Leikam et al., (1983). According to them,
adequate phosphorus and potassium nutrition can increase
the crop's growth response to nitrogen. The results obtained,
in connection with substrate 5, show a low quantity of
nitrogen in banana tree stems, which would justify the weak
growth of the plants having evolved on this substrate
compared to other fertilizers. Indeed, nitrogen is the most
important nutrient for good growth of Aloe vera plants
(Michayewicz, 2013). This observation is confirmed by
Harry et al. (2011) who claim that the concentrations of total
nitrogenous matter in banana tree stems are low and close
to a straw.
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V. CONCLUSION

Cow dung, chicken droppings, charcoal, banana
stipes, ripe plantain, and ripe dessert banana were used to
determine and compare their effects on Aloe vera sucker
growth in nursery. The results show that the pH of the
substrates depends on the type of amendment supplied. This
pH varied from 6.67 to 7.87. Regarding growth parameters,
thanks to its richness in nitrogen, cow dung intensified leaf
emergence speed. Moreover, with 9.33 leaves generated,
2.89 cm average leaf length and 1.65 cm average leaf width,
it favored the rapid growth of Aloe vera suckers. Thus, for
the establishment of an Aloe vera nursery, the use of cow
dung could be recommended to promote good and rapid
growth of suckers.
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Abstract— Agroforestry offers an opportunity to enhance the value of poor ferralitic savannah soils in the
Republic of Congo. The aim of the study was to analyze farmers’ perceptions of agroforestry in the Bambou—
Mingali artificial forest massif. A survey was conducted among 42 farmers who had signed an exploitation
contract with the National Reforestation Service (SNR). The study revealed that most of the farmers involved
in agroforestry on reforested state-owned plots were adults (83%) and had received education (100%). Agri-
silviculture is practiced on these plots. The SNR is responsible for preparing the land for planting forest
species (for example, Acacia, Eucalyptus, pines). Weeding was the only maintenance operation carried out
by all farmers. Positive factors that may lead farmers to adopt agroforestry innovations in state reforested
plots include free access to land, economies of scale in the establishment of food crops, and satisfaction with
the yields obtained and income earned compared to savannah areas. Acacia was the most valued forest tree
among farmers. Thus, the reforested plots are an opportunity to promote agroforestry for the benefit of

smallholders.

Keywords— Perception, agroforestry, socio-economic, forest massif, Congo

I INTRODUCTION

Congolese agriculture meets only 30% of the country’s food
needs (ECOM, 2005). The production system is based on
shifting cultivation with cassava (Manihot esculenta
Crantz) as the main crop. Cassava has a high capacity to
adapt to different ecosystems and is the staple food of the
Congolese (Massamba and Treche, 1995). The diagnostic
assessment of this sector has shown that crop yields are low,
averaging 11 t/ha (IFAD, 2008). These low yields can be
attributed to low soil fertility, diseases caused by the spread
of the African cassava mosaic virus, traditional low-input
techniques, and the use of rudimentary tools, among other
factors (Mabanza and Mahouka, 2001; Nzobadila Kindiela
etal., 2019).
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Moreover, the soils of the Congo region are naturally poor,
characterized by less exchangeable cations in the clay—
humus complex and the acidity of the upper horizons
(Djondo, 1994). Farmers cultivating food crops use slash-
and-burn agriculture as the primary method of land
preparation for cultivation. Slash-and-burn farming
temporarily increases the availability of alkaline cations
and, consequently the soil pH. Regardless of this positive
impact, which is short-lived, this practice has many negative
impacts on the soil, including volatilization of nutrients,
destruction of organic matter, formation of a water repellent
layer on the surface, and destruction of soil biology (Garcia-
Oliva et al., 1999; Okonkwo, 2010). In this context,
agroforestry can be a sustainable alternative to slash-and-
burn farming practices, and can be implemented with the
aim of maintaining soil agricultural productivity at a
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threshold deemed profitable. Agroforestry systems include
both traditional and modern land use techniques where trees
are associated with crops and/or livestock systems in
agricultural settings. Trees contribute to several ecosystem
processes, such as organic matter formation, nutrient
recycling, erosion prevention, and water balance
modification (Nasielski et al., 2015; Carrier, 2018).
Therefore, agroforestry systems offer forms of soil fertility
improvement, food, and financial resources for local
populations (Dupraz and Liagre, 2008; Jose, 2009).

In the Republic of Congo, the national reforestation policy
is implemented by the National Afforestation and
Reforestation Programme (ProNAR) and the National
Reforestation Service (SNR). The SNR is a public service
responsible for the establishment and management of state-
owned plantations. In its prerogatives, this service has to its
credit several state-owned areas at the national scale,
including that of Bambou—Mingali located in the district of
Igné, Department of Pool, 70 km north of Brazzaville.
Within the framework of the management of the massifs,
the national policy advocates partnerships between the
public service and farmers/wood plantation industries.
These partnerships aim to associate the cultivation of trees
and food crops in plantations. The agroforestry initiative
was launched by the SNR in the Bambou—Mingali forest
massif in 2015. Several years after the launch of this
initiative enhancing the value of state-owned plots through
agroforestry, the results and effectiveness of this
agroforestry system remain poorly understood. As a good
understanding of farmers’ perception is a prerequisite for
sustainable land management initiatives, as reported by
Valdivia et al. (2012) and Adedayo and Oluronke (2014),
this study aimed to analyze farmers’ perceptions of the
socio-economic benefits of the agroforestry system under
the socio-environmental conditions of Bambou—Mingali.

. METHODOLOGY
Study area

The study was conducted in the Bambou—Mingali forest
massif, in the sub-prefecture of Igné, in the urban
community of Igné as well as in the villages bordering this
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massif (Figure 1). The village of Bambou—Mingali is
located at a distance of approximately 60 km from
Brazzaville on the Mbé Plateau. An important forest massif
that comprises approximately 1100 ha in the state land
domain of 2100 ha is located nearby and secured by the
ProNAR. Several forest species are planted in rows in this
area, with variable densities for each species. These include
clones of the hybrid Eucalyptus urophylla x Eucalyptus
grandis, Eucalyptus PF1, Pinus caribaea), Millettia
laurentii, Acacia auriculiformis, and Acacia mangium.
Access to the site for farmers is subject to the signing of a
memorandum of understanding between them and the SNR.
All farmers are required to maintain the land in an
acceptable state of cleanliness to enable proper growth of
the trees at the site. The farmers conduct periodic
maintenance of the young plants and crops and the public
service or the industrialists are responsible for land
preparation operations (ploughing, harrowing, squaring,
staking, hole digging, and planting)

The climate of the study area is humid tropical (Samba-
Kimbata, 1978). The average annual temperatures vary
between 23 °C and 26 °C. Seasons alternate as follows:
short dry season (January, rainfall decreases), first rainy
season (February to mid-May, with a peak in April), long
dry season (mid-May to mid-September) and second rainy
season (October to December). The interannual rainfall
variability between 1980 and 2014 was approximately
1,364 mm (Mengho, 2017). The soils in the study area are
ferralitic, impoverished, and highly desaturated from the
ochre sands of the Teke Plateau. They are characterized by
sandy texture and low organic matter content, with a low
reserve of exchangeable bases. The cation exchange
complex is dominated by aluminum (46%), calcium (20%),
and magnesium (9%) (Souchere and Bosseno, 1974;
Djondo, 1994). The habitat comprises a herbaceous
savannah with the following dominant species:
Hyparrhenia diplandra Stapf., Crotalaria retusa L.,
Hymenocardia acida Tul., and Annona senegalensis Pers.
(Descoing, 1975; Makany, 1976). Following land
reclamation, the dominant species were Digitaria
horizontalis Willd. and Imperata cylindrica (L.) P. Beauv.
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Location of the study area of the Bambou Mingali

land reserve
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Fig.1. Location of the study area

Sampling and data collection

The study population consisted of farmers of the Bambou—
Mingali forest massif. As the list of agroforestry farmers in
this forest massif was available, the sample was constituted
on the basis of probability sampling, by drawing lots. The
selected farmers were contacted by telephone and an
appointment was made to conduct the individual interview
using a survey questionnaire. A total of 42 farmers were
selected from the 50 farmers who had signed the contract
with the SNR forestry station represented by its head of unit,
resulting in a sampling rate of 84%. The interviews were
supplemented with open discussions, individual interviews
with resource persons via an interview guide, and
documented information. The latter focused on
documentation related to agroforestry and knowledge of the
study area. The data collection tools (survey questionnaire
and interview guide) included information on farmer
profiles, the characterization of the production system, and
perception of the benefits of agroforestry; these tools were
validated during a pre-survey. The formal individual
interviews were conducted either at the farmers’ residence
or at the farm site. However, free discussions were held in
places where people could use the land, in this case in bars.

Data processing and analysis
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Data were analyzed using Sphinx software version 5.1.0.7.
The database constituted through data entry was checked for
consistency and conformity between the data collected and
those entered. The data collected in the field were subjected
to descriptive statistical analysis, thus determining the
numbers and frequencies (%) of the response modes of the
variables studied. The chi-square test was used to test the
significance of the responses for qualitative variables. Excel
2016 software was used to graphically represent the results.

The qualitative data from the open discussions, literature
review, and resource person interviews were subjected to
content analysis to extract the information essential to the
study objectives.

. RESULTS
Description of the Bambou—Mingali agroforestry system

Access to the inter-rows of forest plots in the massif for the
cultivation of food crops is subject to the signing of a work
protocol between the station chief and the farmer, who may
be the farmer or a person belonging to another category. The
terms of the contract stipulate that “the SNR authorizes the
farmer to plant cassava cuttings or other food crops in the
young plantations.” However, the farmer is obliged not to
destroy the young plants during the planting of cassava
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cuttings or other food crops, and the same applies to
weeding operations aimed at keeping the plots clean
throughout the crop cycle. This is a “win-win” public-
private partnership agreement, as the SNR is exempted from
the cost of maintaining the plot and the farmers are given
free access to an area of between 0.5 and 5 ha. If the plot is
not maintained, the SNR conducts mechanical maintenance
of the plot, which implies that it destroys everything in the
rows using a machine, leaving only the forest species, and
then withdraws the farmer’s access to the plot.

Table 1 presents a description of the Bambou—Mingali
agroforestry system. The results show that the agroforestry
system practiced here was the only one practiced in these
state plots. Cassava was the main crop cultivated by
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farmers, accounting for 79% (P < 0.05). It represents the
staple food of this region as well as the main product
marketed after processing (cassava pods, cassava bread, or
chikwangue). Approximately half of the farmers (55%)
managed agroforestry plantations of less than one hectare (P
< 0.05). However, 31% of the farmers cultivated areas
between 1 and 2 ha. Very few cultural maintenance
operations were conducted within these agroforestry plots.
Weeding was the main maintenance operation conducted by
almost all farmers, 95% (P < 0.05). The use of basal and
maintenance fertilization and the use of plant protection
products for better crop protection was rare (P < 0.05).
Moreover, very few farmers (7%) used crop rotation (P <
0.05).

Table 1. Characteristics of the Bambou—Mingali agroforestry system

Variables Responses Frequency (%) | Significance
o Agri-silviculture 100
Cultivation system used Constant
Other 0
Cassava 79
Key crops of the farm Vegetables 15 P <0.05
Corn 6
<1 ha 55
Area farmed (ha) 1-2 ha 31 P <0.05
>2 ha 14
Weeding 95
Cultivation operations conducted | Weeding and fertilization P <0.05
Other
- No 95
Use of fertilizers P <0.05
Yes 5
. No 100
Use of plant protection products P <0.05
Yes 0
. . No 93
Practice of crop rotation P <0.05
Yes 7

Socio-economic importance of the Bambou-Mingali
agroforestry system

The practice of agroforestry in the Bambou—Mingali forest
massif mobilized both women and men, in proportions of
45% and 55%, respectively (P > 0.05). Young people (17%)
were less involved compared to adults (83%). Thus, the
proportion of adults that participated in the system was
approximately five times greater than that of youth (P <
0.05). The schooling rate of farmers was 100%, with a
predominance of farmers with a secondary level 2™ degree
(31%) (P < 0.05). Agriculture and trade were the two main
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activities the surveyed farmers participated in, with
proportions of 45% and 31%, respectively.

The survey results also showed that more than half of the
farmers (60%) had less than 5 years of agroforestry
experience (P < 0.05). However, 24% of the farmers
surveyed claimed to have between 6 and 10 years of
agroforestry experience (Table 2). In contrast, a marginal
proportion of farmers had a rich agroforestry experience
exceeding 11 years. Half of the respondents resided in the
urban community of Igné (P < 0.05). Other respondents
lived in the rural communities of Bambou—Mingali (19%),
Yié (19%), and Moutoh (12%).
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Table 2. Profile of farmers in the Bambou—Mingali forest massif

Variables Responses Frequency (%) | Significance
Type Female 45 P>0.05
Male 55
Age range (years) Young < 35 17
P <0.05
Adult> 36 83
Level of education Primary 29
Secondary 1¢" degree (middle school) 24
_ i P>0.05
Secondary 2™ degree (high school) 31
University 17
Main activity Agriculture 45 P<0.05
Trade 31
Other activities 21
Length of time in agroforestry experience | <5 years 60
6-10 24 P <0.05
> 11 years 17
Location of respondent’s residence Urban Community of Igné 50
Bambou-Mingali 19
P <0.05
Yié 19
Moutoh 12

The results of the survey showed that marketing and self-
consumption were the two objectives of establishing farms
in the Bambou-Mingali forest massif. Notably, a large
majority of farmers (86%) were involved in commercial,
market-oriented farming (P < 0.05). Free access to land
within the forest massif was the main determinant of the

establishment of agricultural plantations in this massif
(72%) (P < 0.05). However, proximity to the place of
residence (19%) and the search for fertile land (9%) were
also among the other factors contributing to the cultivation
of food crops within the forest plots (Table 3).

Table 3. Motivations for agroforestry practice in the artificial forest

Variables Responses Frequency (%) Significance
Obijectives of the operation | Auto consumption 14
_ P <0.05
Marketing 86
Motivations  for  the | Free access to land 72
establishment of : o
Soil fertility 9
plantations in the forest _ P <0.05
Proximity of the place of 19
residence
Analysis of the consolidated operating cost for the (stump removal, stump collection, ploughing, and

cultivation of one hectare of cassava in plots located inside
and outside the forest under SNR management showed that
the SNR’s contributed approximately 45% to the production
cost of cassava cultivation. Indeed, farmers who cultivated
cassava on plots prepared by the SNR minimized expenses
related to access to land and soil preparation operations
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harrowing). These costs amount to 180,000 FCFA for one
hectare of cassava (Table 4). This category of farmer
incurred a production cost of 216,500 FCFA and made a
turnover of 500,000 FCFA after selling 60 bags of cassava.
At the end of the production cycle, they had a net
commercial margin of 283,500 FCFA. However, farmers
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who cultivated cassava outside the forest massif incurred
higher production costs. These production costs amounted
to 396,500 FCFA, i.e., a difference of 180,000 FCFA, thus

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

reflecting the satisfaction of the farmers in partnership with
the SNR.

Table 4. Consolidated operating cost for cassava cultivation in Bambou—Mingali

Bambou-Mingali Forest Massif Outside ;2?/:1?1?:?: massif -
Operation
Expenses (FCFA) | Product (FCFA) E();F(’:egxs Product (FCFA)

Expenses (A)

Purchase of the machete 4000 4000

Purchase of the hoe 3500 3500

Purchase of the peel 4 000 4000

Land rental 0 30000

Stump removal 0 50 000

Pickup 0 10 000

Ploughing 0 45 000

Spraying 0 45 000

Buy cuttings 10 000 10 000

Cutting of cuttings 5000 5000

Transport 10 000 10 000

Planting 30 000 30000

Weeding 120 000 120 000

Harvest 30 000 30000
Total load 216 500 396 500
Turnover - Cassava sales (B) 500 000 500 000
Net sales margin (B-A) 283 500 103 500

The socio-economic importance of agroforestry within this
massif is justified by the satisfaction of the majority of
farmers surveyed (88%). Indeed, 81% of the respondents
were satisfied with the income generated through
agroforestry within this forest massif (P < 0.05). A marginal
proportion of farmers (7%) were highly satisfied with the
income generated. However, 12% of farmers remain
dissatisfied with the income generated; these mostly
included farmers cultivating in Eucalyptus plots.

Perception of the benefits of the state agroforestry system
and the most suitable forest species

Table 5 shows the perception of farmers in Bambou-—
Mingali forest massif regarding the benefits of trees within
the farm and the most suitable forest species for cultivation
in association with food crops. The analysis of Table 5
shows that leaf collection was the main benefit perceived by
the farmers (57%) (P < 0.05). These leaves are used to
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fertilize the soil and also serve as natural remedies. For
example, Eucalyptus leaves are harvested for the treatment
of respiratory tract diseases (bronchitis, flu) and ENT
diseases (sinusitis). The ecosystem services provided by
trees integrated into farming also concern the improvement
of soil fertility for certain forest species of the family
Fabaceae (Acacia spp.), which affects crop yields and
farmers’ income. Harvesting of wood, caterpillars and
mushrooms are also ecosystem services provided by the
agroforestry system through the trees. During September
and October, when the rains begin, some farmers reported
harvesting mushrooms from their agroforestry farms.

The results also indicate that Acacia is the most preferred
tree in agroforestry in the study area. More than half of the
farmers included in the survey held this view (69%) (P <
0.05). In terms of preference, Acacia was followed by pine
and Millettia, at 14% and 12%, respectively. Eucalyptus
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was the least preferred tree in agroforestry, with 5% of the
respondents showing a preference for it.

Of the farmers interviewed, 79% thought that cassava yields
in the Bambou—Mingali massif were higher than those in the

savannah zone (P < 0.05). Only 21% disagreed with this
view. This category of farmers cultivated food crops in the
Eucalyptus plots.

Table 5. Perceived benefits of the agroforestry system in state-owned plots

Variables Responses Frequency (%) Significance
Collection of leaves 57
Advantage of trees in the Improvement of soil fertlllty 19 P < 0.05
<0.
farm Firewood 18
Mushroom harvesting 6
Acacia mangium Willd./Acacia 69
auriculiformis A. Cunn. ex Benth.
Best woody species for Pinus spp. 14 P<0.05
agroforestry — _ i
Millettia laurentii De Wild. 12
Eucalyptus spp. 5

Acacia and pine were the two most preferred forest trees in
the agroforestry system. Most farmers (90%) preferred to
grow cassava with Acacia (P < 0.05). The same was true for
maize (Zea mays L.) cultivation; 70% of the farmers
preferred to cultivate with Acacia (Figure 2). However, for
groundnut (Arachis hypogaea L.) cultivation, more than

half of the farmers preferred to cultivate it in association
with young pine trees (P < 0.05). Therefore, the promotion
of agroforestry should focus more on Acacia to enhance the
value of the savannah areas, which are less appreciated by
farmers.
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Fig.2. Farmers’ perception of the preference for forest species cultivated in association with food crops

V. DISCUSSION

Characteristics of the Bambou-Mingali agroforestry
system

Only one agroforestry system, the agri-silviculture
cultivation system, was practiced by farmers in the plots
located in the Bambou—Mingali forest massif. Agricultural
production was achieved using technical itineraries and
archaic means of production that were not very efficient.
With respect to crop maintenance operations, few
interventions were conducted, and weeding was the most
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common intervention. The cut weeds were stirred up and
left on the ground to restore exported nutritive elements
through decomposition.

In the Bambou—Mingali forest massif, cassava was the
preferred crop, and was planted both as a monoculture and
in association with trees. Previous studies have shown that
the traditional agricultural system integrates a range of
crops with differing phonologies to ensure optimal
production that is staggered in time. Crop association
provides production security by minimizing risks and
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maximizing land and labor use (Jayne et al., 2010). National
agricultural production basins are characterized by low crop
diversity, including cassava cultivation areas. Furthermore,
several studies in rural areas note that crops are often grown
in association with others (maize, vegetables, groundnuts,
etc.), but rarely as monocultures (ECOM, 2005). Only
cassava is cultivated through monoculture; however, this is
often observed in areas where cultivation of other crops is
challenging owing to extremely poor soils.

The area utilized for agricultural purposes in the Bambou-
Mingali Forest is mostly less than one hectare. Very few
farmers practice cultivation in >2 ha of land; this can be
explained by a various factors, including the difficulty in
obtaining quality cuttings and tractors for land preparation
and low soil fertility. Congolese agriculture is poorly
mechanized and therefore highly dependent on labor.
Moreover, cassava cultivation benefits from little
investment, despite constraints such as field maintenance.
In many agricultural production basins in Congo, family
farms range between 0.5 and 1 ha (ECOM, 2005; CERAPE-
SOFRECO, 2012). Larger areas are sown by producers with
greater financial and human resources, as they can bear the
higher production and marketing costs.

Mineral fertilization of cassava is significantly rare, and
only 2 respondents out of the 42 surveyed applied NPK
fertilizer for food crops. The distribution circuit for
agricultural inputs is disorganized, resulting in low
availability and high cost. In addition, the agricultural
extension services responsible for disseminating good
agricultural practices are deficient. It has been observed that
the supply of organic matter is also non-existent in the area.
This observation is shared by CERAPE-SOFRECO (2012)
who found that the use of fertilizers remains marginal, and
is limited to peri-urban areas. As cassava is a hardy crop, its
cultivation requires only basic land preparation and few
maintenance cultivation operations (El-Sharkawy, 2004).
Several studies have shown the importance of fertilizers in
maintaining soil quality. Schroth et al. (2001) also showed
that fertilization is less frequent in agroforestry.

The use of phytosanitary treatments was non-existent in the
study area. For the farmers surveyed, cassava plants in the
field were rarely affected by crop diseases and pests.
However, it should be noted that cassava is a hardy crop,
growing quite well in most environments, and farmers are
generally unaware of the symptoms of cassava diseases.
Moreover, several farmers perceive that cassava that is
attacked by pests or diseased is still productive. Thus, the
model of agriculture practiced in the Bambou—Mingali
forest massif is the same as that of almost all Congolese
food production basins, strongly dominated by the
individual or family village agricultural model, using
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rudimentary tools and techniques and not resorting to
chemical inputs, especially fertilizers and pesticides
(CERAPE-SOFRECO, 2012).

To a certain extent, farmers tend to grow varieties that are
adapted to the environment (Elias et al., 2004). This
observation was also shared by CERAPE-SOFRECO
(2012) who found that the use of pesticides in the Congolese
rural environment remains marginal, and is limited to the
peri-urban areas of the country, where market gardening
activity remains important. Very few farmers in the
agroforestry massif exploit the entire domain granted by the
SNR by implementing crop rotations. However, fallowing
is a constant feature of production systems in rural areas
(Floret et al., 1993).

Socio-economic importance of the Bambou-Mingali
agroforestry system

The farmers of the Bambou-Mingali forest massif
comprised both men (55%) and women (45%). Farmers in
the age range of 3644 years (45%) were the most involved
in the agroforestry plantations of Bambou—Mingali. Almost
similar results were also reported by the RGA (2017),
wherein 74% of the heads of adult agricultural households
and those in this category in the age range of 36-49 years
were the most dynamic in the Congolese agricultural sector
(38%). The high level of participation of this category of
farmers remains an asset for the extension of agroforestry
practices. Many studies report that age can be a determining
factor in the adoption of a new technique (Adedayo and
Oluronke, 2014). Regarding the age of agroforestry
implementation, a majority of the farmers interviewed
claimed to have practiced agroforestry for less than 5 years.
The high proportion of farmers with less than 5 years of
experience is owing to the fact that the SNR has only
allowed farmers to cultivate in the massif for 5 years.
However, those with more than 5 years’ experience had
already practiced the system elsewhere, in the surrounding
forest blocks or in other localities.

All farmers included in the survey were educated. However,
over half (55%) of them received secondary education, with
a predominance of those with a secondary 2°™ degree
(31%). Nearly one-fifth of the respondents (17%) had a
university degree. This can be explained by the proximity
of the surrounding localities to the city of Brazzaville, the
political capital, where the education offered is highly
diverse. Moreover, the urban community of Igné includes
school infrastructure, including a public high school. It is
obvious that the development of agroforestry techniques
and innovations requires a minimum of training and
technical supervision. Results of previous studies have
shown that the level of education plays a role in learning
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new agricultural techniques and facilitates their adoption
(Valdivia et al., 2012; Adedayo and Oluronke, 2014).

The main activity of 45% of the farmers in the Bambou—
Mingali Forest was agriculture. Other farmers used
agriculture as a secondary or tertiary activity. This second
category of farmers were primarily engaged in trade, vehicle
driving, and handicrafts; this category also included
government officials. The high involvement of farmers who
do not farm as their main activity can be explained by the
fact that households are highly dynamic in rural areas and
can implement several = monetization  strategies
simultaneously (Jayne et al., 2010).

Most of the farmers (86%) surveyed conducted agricultural
activities with the aim of marketing their products; a small
portion of the production was devoted for self-consumption.
As agriculture is the main income-generating activity for the
inhabitants of this area, the cultivation of food crops is not
only for self-consumption but also has serious economic
importance. The integration of the local economy into a
wider trade zone has been achieved through the National
Road No. 2, which provides trade opportunities between the
surrounding localities and the city of Brazzaville, where the
demand for food products remains very high.

Farmers were highly satisfied with the income generated
from agroforestry production compared to that generated
from farms in the savannah zone. This satisfaction of the
respondents was owing to the fact that farmers growing
cassava on SNR plots saved expenses related to access to
land and soil preparation operations. Increasing
productivity within production systems is a requirement for
economic development and poverty alleviation. This
positive perception of farmers in Bambou—Mingali forest
range corroborates the work of Mercer (2004) and Bengali
(2018), who argue that endogenous determinants affect
farmers’ perception. A majority of the respondents believed
that this SNR initiative of agroforestry could enhance the
value of wasteland and reduce the distances traveled in
search of forest patches. In this context, the Société des
Plantations Forestiéres Batéké Brazzaville (SPF2B), whose
main objective is charcoal production, has integrated
agroforestry into its production model by setting up a
community development program. This program aims to
encourage local communities to grow food crops (such as
cassava, groundnuts, and maize) in the spaces between the
Acacia auriculiformis A. Cunn. Ex Benth trees planted. All
land preparation operations in the areas allocated to local
communities in the Igné district of Congo are carried out by
the SPF2B company prior to the allocation of land portions.

Benefits of the state agroforestry system and perception of
the most suitable forest species
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Free access to land was the main driving farmers’
preference for the Bambou—Mingali state forest for
conducting farming activities. To a lesser extent, they also
cited the proximity of the site to their place of residence.
The benefits cited by farmers owing to the presence of trees
on their farms were soil fertilization and the availability of
plant materials for traditional medicine. Collection of
firewood and mushroom harvesting were among the less
cited reasons. Similar to our findings, Jose (2009) showed
that agroforestry parks are significant sources of wood and
non-wood products that are indispensable to the population.

Most farmers found that crop yields were higher in the SNR
agroforestry site than those outside the site. They also found
that crop yields obtained in the Acacia plots were
significantly better compared to plots with other forest
species. Eucalyptus was the least preferred forest tree in
association with crops. The relatively high crop yields in the
Acacia plots can be explained by the fact that Acacia is
genus belonging to the legume family Fabaceae and thus
restores soil fertility. Indeed, leguminous plants are
atmospheric nitrogen-fixing plants that transform nitrogen
from the air into nitrogenous compounds in symbiosis with
certain types of bacteria, thus improving soil fertility.

The consequences of a tree-crop association are variable
depending on the associated species and the site studied
(pedoclimatic conditions). Nevertheless, it would positively
affect agricultural production owing to the discontinuous
arrangement of trees, which would result in an increase in
soil and air humidity, soil fertility, as well as a slowing of
winds (Jose, 2009; Schroth et al., 2001; Nasielski et al.,
2015). In contrast, the presence of trees sometimes
adversely affects crop development (Carrier, 2018). The
study by Akouehou et al. (2011) in Benin showed that the
Taungya agroforestry system based on Acacia
auriculiformis restored agricultural land and allowed
farmers to have an additional and diversified gain of food
products to support their needs. Dupraz and Liagre (2008)
reported several advantages of agroforestry, including
agronomic advantages (such as creation of microclimates in
the plots, vertical development of the root system, nitrogen
fixation for legumes) and economic advantages through
income diversification. Consequently, the promotion of
agroforestry based on forest species in state-owned plots
provides an opportunity to enhance the value of savannah
areas and a strategy for sustainable agricultural
development that benefits family and commercial farming.

V. CONCLUSION

This study contributes towards a better understanding of
farmers’ perception of agroforestry in the Bambou—Mingali
forest massif. The study revealed that the farmers in this
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forest massif included both men (55%) and women (45%),
83% of whom were adults; the youth did not participate in
farming to a considerable extent. The agri-silviculture
system was the main cropping system practiced in this
region. Cassava was the main crop grown in these forest
plots, and other food crops (for example, maize and
groundnuts) were sometimes cultivated along with cassava.
Overall, the areas cultivated covered <2 ha (86%). Land
preparation operations were generally managed by the SNR
when the forest species were installed, which constituted an
economy of scale for the farmers. Weeding was the main
crop maintenance operation, and it also remained one of the
“sine qua non” conditions for the utilization of state-owned
plots of this forest massif by farmers. Very few farmers used
fertilization (organic and mineral) and phytosanitary
products. The survey also revealed that farmers perceived
several advantages of agroforestry, including free access to
land, economy of scale in setting up the farm, and
satisfaction with crop yields and income compared to
savannah areas. Acacia was the most valued forest tree.

The agroforestry experience of the Bambou—Mingali forest
can serve as an example for the development of other forest
areas. It enables the reconciliation of environmental and
food concerns by developing uncultivated land for
agriculture while reducing the distances traveled in search
of forest patches. Promotion of forest species of the
Fabaceae family, such as Acacia, is therefore necessary in
the reforestation policy of state-owned plots. Future
research should examine the sustainability of the
agroforestry systems implemented and conduct in-depth
studies of tree and food crop interactions to determine the
best innovations to be popularized.

REFERENCES

[1] Adedayo, A.G, & Oluronke, S. 2014. Farmers' Perception and
Adoption of Agroforestry Practices in Osun State, Nigeria.
Forest Research, 3:127-132.

[2] Akouehou, S.G., Agbhahungba, A.G, Houndehin, J., Mensah,
G.A, & Sinsin, B.A. 2011. Socioeconomic performance of the
Acacia auriculiformis agroforestry system in Lama in
southern Benin. International Journal of Biological and
Chemical Sciences, 5(3):1039-1046.

[3] Bengali, M.M. 2018. Perceptions of agroforestry by the
peasants of the mixed group of Bissiga, in the Central Plateau
region, in Burkina Faso. Master's thesis. University of
Quebec, Canada,.

[4] Carrier, M. 2018. Ecological interactions in intercropping
agroforestry systems. Master's thesis in biology, University
of Quebec.

[5] CERAPE-SOFRECO, 2012. Agricultural Sector Study,
Republic of Congo. Agricultural Sector Development Plan,
National PDSA. Brazzaville, Congo.

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.82.3

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

[6] Descoing, B. 1975. Phytogeographic sketch of the Congo.
Congo Atlas. ORSTOM, Paris, France.

[7] Djondo, M.Y. 1994. lon exchange properties of ferrallitic
clayey soils of the Niari Valley and sandy soils of the Mbé-
Batéké plateau. Doctoral thesis, University of Paris XII-Val
de Marne, France.

[8] Dupraz, C., F. 2008. Liagre. Agroforestry: trees and crops.
2nd edition. Editions France Agricole, Paris, France.

[9] ECOM, 2006. Profile of poverty in the Congo. Congolese
household survey for the assessment of poverty in 2005.
Ministry of Planning, Territorial Development and Economic
Integration, CNSEE (2006). Final analysis report,
Brazzaville, 2005.

[10] Elias, M., Muhlen, G.S, McKey, D., Roa A.C, & Tohme, J.
2004. Genetic diversity of traditional South American
landraces of cassava (Manihot esculenta Crantz): an analysis
using microsatellites. Economic Botany, 58: 242-256.

[11] El-Sharkawy, M.A. 2004. Cassava biology and physiology.
Plant Molecular Biology, 56:481-501.

[12] Floret, C., Pontanier, R., & Serpantié, G. 1993. Fallowing in
tropical Africa. File MAB 16. UNESCO, Paris, France.

[13] Garcia-Oliva, F., Sanford, R.L, & Kelly, E. 1999. Effects of
slash-and-burn management on soil aggregate organic C and
N in a tropical deciduous forest. Geoderma, 88, 1-12.

[14] IFAD, 2008. Study on the marketing potential of cassava-
derived products on CEMAC markets. Regional Initiative for
Cassava Production and Marketing (IRPCM), 2008.

[15] Jayne, T.S, Mather, D., & Mghenyi, E. 2010. Principal
challenges confronting smallholder agriculture in sub-
Saharan Africa. World Development, 38(10), 1384-1398.

[16] Jose, S. 2009. Agroforestry for ecosystem services and
environmental benefits: an overview. Agroforestry systems,
76(1), 1-10.

[17] Mabanza, J., & Mahouka, J. 2001. Production of
decontaminated cassava cultivars (Manihot esculenta Crantz)
in competition with weeds. Cahiers Agricultures, 10(1):41-
53.

[18] Makany, L. 1976. Vegetation of the Téké plateaus (Congo).
Faculty of Sciences, Orsay; Thesis Sciences, Paris, France.

[19] Massamba, J., & Treche S. 1995. Consumption of cassava in
the Congo. In: Cassava Food Processing. T. Agbor Egbe, A.
Brauman, D. Griffon, S. Tréche (eds), ORSTOM editions, 85-
92.

[20] Mengho, B.M. 2017. Geography of the Congo. 21st Century
African Library Collection. Editions L'Harmattan.

[21] Mercer, D.E. 2004. Adoption of agroforestry innovations in
the tropics: A review. Agroforestry Systems, 61:311-328.

[22] Nasielski, J., Furze, J.R, Tan, J., Bargaz, A., Thevathasan,
N.V, & lIsaac, M.E. 2015. Agroforestry promotes soybean
yield stability and N2-fixation under water stress. Agronomy
for Sustainable Development, 35(4): 1541-1549.

[23] Nzobadila Kindiela, B., Mialoundama Bakouetila, G.F,
Yebas, L., Makosso, S., Bita A.M., & Attibayéba, 2019.
Impact of fragmented rameal wood of Bridelia ferruginea and
Acacia mangium on the growth and production of cassava on
ferralitic soil in Congo. Journal of Animal and Plant Sciences,
40(2):6636-6647.

42


https://dx.doi.org/10.22161/ijeab.82.3
http://www.jle.com/fr/revues/agro_biotech/agr/sommaire.phtml?cle_parution=518&type=text.html
http://www.jle.com/fr/revues/agro_biotech/agr/sommaire.phtml?cle_parution=518&type=text.html

Bakouetila et al. International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

[24] Okonkwo, C.I. 2010. Effect of Burning and Cultivation on
Soil Properties and Microbial Population of Four Different
Land Use Systems in Abakaliki. Research Journal of
Agriculture and Biological Sciences, 6 (6): 1007-1014.

[25] RGA, 2017. Statistical tables of the General Census of
Agriculture (RGA 2014-2017). Project UTF/PRC/014/PRC.
General Census of Agriculture and CountrySTAT. Ministry
of Agriculture, Livestock and Fisheries (Republic of Congo)
and Food and Agriculture Organization of the United Nations
(FAO).

[26] Samba-Kimbata, M.J. 1978. The Bas-Congolese climate. 3rd
cycle doctoral thesis, University of Dijon, France.

[27] Schroth, G., Lehmann, J., Rodrigues, M.R.L., Barros, E., &
Macédo. J.L.V. 2001. Plant soil interactions in multistrata
agroforestry in the humid tropics. Agroforestry Systems, 53:
85-102.

[28] Souchere, P., & Bosseno, R. 1974. Pedological study of three
plots located around the villages of Odziba, Imbama and Mbé
(Plateau de Mbé). ORSTOM, Brazzaville, Congo.

[29] Valdivia, C., Barbieri, C., & Gold, MA. 2012. Between
Forestry and Farming: Policy and Environmental
Implications of the Barriers to Agroforestry Adoption.
Canadian Journal of Agricultural Economies, 60(2): 155 -
175.

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.82.3

43


https://dx.doi.org/10.22161/ijeab.82.3

International Journal of Environment, Agriculture and Biotechnology
Vol-8, Issue-2; Mar-Apr, 2023

A

Journal Home Page Avadilable: https://ijeab.com/
Journal DOI: 10.22161/ijeab

e e

Peer Reviewed

Beef cattle farming potential in the coconut plantation
companies lands in South Minahasa Regency, Indonesia

Tilly D. F. Lumy, Richard E. M. F. Osak* and Stevy P. Pangemanan

Faculty of Animal Husbandry, University of Sam Ratulangi, Manado-95115, Indonesia
*Correspondence Author

Received: 02 Feb 2023; Received in revised form: 07 Mar 2023; Accepted: 15 Mar 2023; Available online: 25 Mar 2023
©2023 The Author(s). Published by Infogain Publication. This is an open access article under the CC BY license
(https://creativecommons.org/licenses/by/4.0/).

Abstract— This study aims to determine the carrying capacity and profitability of developing beef cattle
farming in the coconut land hold by coconut plantation companies. The research was conducted using a
survey method on tenant farmers of coconut land that are managed by plantation companies, both state
company and private companies holding land use rights (HGU) for coconut plantations. Data that are
observed and measured in the field based on the results of interviews with respondents, as well as
secondary data from related agencies. The analytical methods used are carrying capacity and profit
predicted analysis. The results of the study were concluded as follows: (1) Potential carrying capacity of
forage for cattle in coconut plantation company land has an average of 5.28 AU (Animal Unit) of cattles,
while on average ownership of cattle only 2.06 AU of cattles each tenant farmer in coconut land that are
managed by plantation companies, so that the number of cattle ownerships can still be increased by about
3.22 AU. Tenant farmers of coconut plantation companies land have the potential for the availability of
forage on cultivated coconut land owned by coconut plantation companies, so that they can still increase

the number of cattle kept.

Keywords— Beef cattle, cattle ownerships, Cultivation Rights.

I.  INTRODUCTION

Indonesia has several potential resources, including natural
resources to develop location-specific beef cattle farming.
One of the resources for the development of forage is the
coconut plantation area, which can be managed with the
coconut-beef cattle integrated farming system (coco-beef
IFS).

North Sulawesi Province determines coconut as one of
the leading and potential commaodities, and nationally, the
province accounts for around 9% of production national
coconut, but coconut's contribution to revenue area is still
low (Yusuf et al., 2020). The area of coconut plantation
land for both smallholder plantations and plantation
companies in North Sulawesi is around 270 thousand
hectares (Marbun, 2014). North Sulawesi has a state-
owned plantation company (BUMN) namely PTP
Nusantara XIV (or PTPN XIV) and several privately
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owned plantation companies that hold land use rights
(HGU) for coconut plantations.

Most of the coconut land areas are cultivated in
monoculture, even though they have the potential for
integration with beef cattle (Polakitan, 2012, Osak et al.,
2018 and Osak et al., 2020) for planting various kinds of
superior forage. Quantity and quality of forage in the
tropics fluctuates especially during the dry season resulting
in a decrease in the level of productivity of cattle with low
levels of growth (Osak et al., 2020). For this reason, it is
necessary to research the carrying capacity and profitality
of beef cattle farming in the coconut plantation companies
land in South Minahasa which is very potential to increase
the population of cattle in the context of food security from
beef cattle.

The research aims to obtain the following results: (1)
the potential for the development of forage crops in
coconut fields belonging to coconut plantation companies;
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and (2) profitability or potential profit from developing
beef cattle farming in coconut areas controlled by coconut
plantation companies in South Minahasa.

Il. MATERIALS AND METHOD

This research was conducted on sharecroppers on coconut
plantation companies in North Sulawesi Province,
Indonesia where the regency that had the largest coconut
plantation area and the largest population of cattle was
selected, namely South Minahasa Regency.

The data used are primary data from sharecroppers
who raise cattle on land areas under the control of coconut
plantation companies that have Cultivation Rights (HGU).
The economic valuation method uses primary data, namely
data obtained from direct observation in the field, using in-
depth interviews with respondents based on questionnaires
that have been prepared according to the objective of the
study (Hidayatullah, et al., 2011). Data were analyzed
using Microsoft Excel.

I11. RESULT AND DISCUSSION

The potential carrying capacity of coconut land is
studied based on carrying capacity in coconut land for
cattle, namely the maximum number of animal units (AU)
of cattle that can be supported or served by feed resources

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

in an area of coconut land. Forage feed is one of the
important factors in efforts to maintain and increase the
productivity of cattle. In addition to having a big influence
on livestock productivity, feed is also the biggest cost in
raising livestock. The main driver was feed, which may
account for 60%-70% of total livestock production costs
(Becker, 2008). Therefore, the quality and availability
(stocking) must be continuously available so that it can
meet the basic needs of life, production and reproduction.
The adequacy of the availability of fodder for cattle that is
kept is a quite serious challenge in the development of
livestock in Indonesia. An indication of a shortage of feed
supply is the low level of cattle production, both in terms
of population and production, so that beef and feeder
imports are still dominant.

The availability of forage sources as the main feed for
cattle ruminants has recently been increasingly limited.
This is due to reduced land for forage production due to
the conversion of land use for food purposes and
residential areas. In North Sulawesi, cut and carry superior
forages were not commonly used, whereas in this area only
natural pasture vegetation was used, of which only about
30% was edible for livestock. Cow (Kaligis and C.
Sumolang, 1991, Kaligis et al 1996). For this reason, the
effectiveness of alternative land use for forage crops needs
to be increased, where one of the alternative lands is
coconut plantation land.

Table 1. Capacity and potential for raising cattle in coconut plantations by sample villages

Average grazing Average Cattle  Average DeCZIZr ;ieent
No Sample Village Name area Animal Unit Capacity Potential
(ha/farmer) (AU) (AU/Year) (AU)
1. Pungkol Village
o 0,76 2,19 4,08 1,89
Tatapaan Subdistrict
2. Ongkaw Village
. L 0,61 1,58 6,32 4,74
Sinonsayang Subdistrict
3. Blongko Village
. o 0,64 2,19 3,80 1,61
Sinonsayang Subdistrict
4, T_|n|awangko Vllla_ge . 0,67 230 6.93 4,63
Sinonsayang Subdistrict
Average 0,67 2,06 5,28 3,22

The capacity to accommodate cattle in the coconut
area and the availability of forage forage used by cattle
breeders in coconut plantation company land can be seen
in Table 1, which shows that overall the sample cattle
breeders have an average of only 2.06 AU of beef cattle,
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while the average On average, it has a capacity to
accommodate 5.28 AU of beef cattle on coconut land.

This showed that coconut land tenant farmers have
the potential to provide forage forage under coconut trees
land owned by coconut plantation companies, so that they
can still increase the number of cattle units kept by
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around 3.22 AU of beef cattle or an increase of about
56.31 percent. These results indicated that the sample
tenant farmers of coconut land that are managed by
plantation companies have the potential to provide forage
in the cultivated coconut land owned by the coconut
plantation companies, so that they can still increase the
number of cattle units kept.

This potential will be further increased through the
introduction of superior shade-tolerant forage plants
under coconut trees such as dwarf elephant grass and the
legume Indigofera sp. will increase the carrying capacity
and production of cattle. Carrying capacity of natural
pasture, including coconut plantations in North Sulawesi,
was only 1-2 AU (animal unit) per hectare, whereas with
the introduction of innovative superior feed crops it could
reach greater than 20 AU (Paat and Taulu, 2012) so it has
the potential to increase around 15.88 AU of beef cattle or
an increase of about 770.87 percent, if land use in coconut
plantations is increased by planting a variety of superior
forages, both grass and legumes that are shade tolerant,
such as elephant grass cv. Mot. and ruzi (Brachiaria
ruziziensis) and the legume Indigofera sp. (Osak et al.,
2022).

The potential for increasing the capacity to accommodate
beef cattle will increase the population and production of
cattle as a food source of animal protein which is needed
by the consumer community, and increase the income of
farmer-breeder households and the economy.

IV. CONCLUSION

1) The average ownership of beef cattle by tenant
farmers or cultivators on the lands of coconut
plantation companies is 2.06 AU, while the holding
capacity of cattle on their cultivated land can reach
5.28 AU so that the number can still increase by
around 3.22 AU Beef cattle are grazed on coconut
plantation company land, and  predicted that
potential around 15.88 AU of beef cattle or an
increase of about 770.87 percent, if land use in
coconut plantations is increased by planting a
variety of superior forages, both grass and legumes
that are shade tolerant

2) The potential for the development of cattle on
coconut plantations will be further increased, if
through the introduction of superior forage crops
that are shade tolerant under coconut trees such as
elephant grass cv. Mot. and ruzi (Brachiaria
ruziziensis) and the legume Indigofera sp.. akan
meningkatkan kapasitas tampung dan produksi
ternak sapi.
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Abstract— The production of biofuels through biological processes has garnered increasing attention due
to their potential benefits over conventional fuels, including lower greenhouse gas emissions, higher energy
output, and reduced-price fluctuations. However, the metabolic processes of primitive microorganisms used
in biofuel production are not compatible with those of fossil fuels. To address this, scholars have employed
metabolic engineering techniques to modify the metabolisms of various microorganisms, including S.
cerevisiae, for enhanced biofuel production. Specifically, overexpression of enzymes involved in bioethanol
and biobutanol production, knockouts of competing pathways, improvements in carbon flux and tolerance
have been applied to maximize the potential of S. cerevisiae for bioethanol and biobutanol production. This
review focuses on the current state of metabolic engineering of S. cerevisiae for the production of bioethanol
from lignocellulose and biobutanol from all kind of substrates, along with the potential use of cell surface

technology in this field.

Keywords— strain robustness, biofuel, biomass, bio-butanol, knocked in, bio-ethanol, knocked out.

I.  INTRODUCTION

The organic substance butanol has the chemical formula
C4H90H and is a member of the hydrocarbon family. The
four isomers of butanol are 2-butanol, 1-butanol, tert-butyl
alcohol and isobutanol. The most naturally produced
butanol by microorganisms is isobutanol, which is also
known as biobutanol, along with 1-butanol. Moreover,
Bioethanol (also known as ethyl alcohol), chemical formula
for ethanol is C2H50H, made by microbial fermentation.
Since the combustion of alcohol produces heat energy. The
majority of biofuel which come from lignocellulosic
biomass or the sugars or starches produced by plants like
corn, sugarcane, sweet sorghum, or sugarcane, and have
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been utilized as a fuel [1]. The possibility to replace fossil
fuels with biofuels like bioethanol and biobutanol and
reduce greenhouse gas emissions when used directly or
blended with gasoline in vehicles [2].

The interest in fuel synthesis from biomass has increased as
a result of the rising costs of fossil fuels. Biofuel or bio-
renewable fuel are the terms used to describe this fuel. The
three main categories of biofuel feedstocks are as follows:
(1) biomass made up of lignocellulosic materials like
grasses, straw, and wood. (2) feedstocks that contain
sucrose, such as sweet sorghum, sugar beet, sugarcane, and
fruits. (3) Starchy foods, such as sweet potatoes, corn,
potatoes, rice, wheat, and milo [3]. The usage of biofuel
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blends in automobiles can greatly cut down on the
consumption of petroleum and emissions of greenhouse
gases. Microorganisms are used in the fermentation process
to make biofuels. In order to convert polysaccharides into
monomeric form, the process's feedstocks must also
undergo pretreatment because microorganisms are unable to
consume sugars in complex forms [4]. In the US, Brazil, and
a few EU member states, there are programs in place that
support the large-scale production of biofuels. After the
United States, Brazil is the greatest producer of bioethanol
in the world and its largest exporter.

According to recent World Health Organization research,
air pollution causes 3 million deaths annually. Scientists'
interest in finding alternate forms of energy has increased as
a result of the environment's negative effects and the
diminishing supply of fossil fuels [5]. In this regard, a
variety of alternative energy sources, such as wind, hydro,
geothermal, and solar, are accessible. The solar energy
sector is one of them. It is expanding quickly and is thought
to be a good solution to prevent environmental and energy
issues [6]. The production of lignocellulosic-based biofuels
at the biorefinery is another factor that qualifies it as a
source of sustainable energy [7]. Bioethanol and biobutanol
have gained popularity over time, surpassing other biofuels,
and are now acknowledged as reliable sources of renewable
energy [8]. By replacing fossil fuels with these biofuels,
issues including environmental damage, price volatility, and
the depletion of fossil fuel reservoirs would be less of a
concern. However, because these biofuel operations are
currently only dependent on food materials, a conflict
between the food and fuel industries has resulted, which is
indirectly a factor that has raised the cost of food ingredients
[8].

Nitrogen oxide (NOXx), sulfur oxide (SOx) and carbon
monoxide (CO) emissions are reduced and absent in
biofuels, making it a more affordable option [9]. Bioethanol
is distinguished by having a high octane number (102),
expanded flammability thresholds, a quick spread of flame,
and a high heat of vaporization. It lowers particulate matter
(PM10) emissions from tailpipes, which lowers pollution in
general. The most popular ratio for blending bioethanol with
gasoline is E10, sometimes referred to as "gasohol," which
is 10% bioethanol to 90% gasoline.[10].

Butanol is manufactured annually to the tune of 15 to 17
billion dollars worldwide. The butanol derivatives with the
highest economic value include butyl glycol ether, butyl
acetate, and plasticizers. It has numerous uses in the
pharmaceutical industry as a solvent and as a diluent in
brake fluid compositions. Butanol is less hydroscopic and
corrosive than bio-ethanol because It is less volatile, has
more energy, and is somewhat miscible with water [11]. A
gasoline engine may run directly on butanol without any
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alterations or replacements because its properties are
comparable to those of gasoline [12], With a 22% oxygen
concentration, it is a cleaner-burning, fuel extender [13].

Researchers' efforts to increase bio-butanol and bio-ethanol
production through by-product accumulation reduction,
usage of a cheaper substrate, and enhancement of butanol
producers' robustness to butanol and oxygen by using
engineered Saccharomyces cerevisiae have been diverted
by metabolic engineering. However, much work remains to
be done in order to make the biological production of bio-
butanol and bio-ethanol more compatible with the one from
petrochemical processes. Herein, the authors concluded the
metabolic tuning of S. cerevisiae for enhanced bioethanol
and butanol production.

Il. METABOLIC ENGINEERING OF S.
CEREVISIAE FOR BIOETHANOL
PRODUCTION

Since Saccharomyces cerevisiae can withstand high
bioethanol concentrations and inhibitors produced during
the fermentation process, it is the ideal microbe for the
fermentation of lignocellulosic biomass to bioethanol [14].
The cellular system of S. cerevisiae has undergone
substantial engineering in order to attain the full use of all
possible carbon sources in the lignocellulosic biomass in
order to convert lignocellulosic feedstocks into bioethanol
cheaply. Recent improvements in metabolic engineering
and synthetic biology have enhanced the productivity and
output of lignocellulosic bioethanol produced by S.
cerevisiae [15]. The main goals of metabolic engineering
strategies are either detoxification of inhibitors or
modulation of stress responses. The former goal is mostly
accomplished by expressing enzymes that transform
inhibitors into less harmful chemicals and/or by
establishing a redox balance between the detoxification
pathways and the oxidoreductase xylose consumption
pathways [16].

Lignocellulosic biomass primarily comprises cellulose-
hemicellulose complexes that are enclosed within a lignin
matrix. The cellulose-hemicellulose fraction of this biomass
is deemed to be a highly effective source for bioethanol
production [17]. Cellulose represents a significant
homopolysaccharide component within plant cell wall,
exclusively composed of glucose monomers, a vital
substrate in the generation of biofuels [18]. The co-
expression of multiple cellulases has proven valuable in
developing strains proficient of growth and bioethanol
production from a variety of cellulosic feedstocks. In this
study, three cellobiohydrolase (CBH) enzymes, specifically
CBH1 (from Aspergillus aculeatus), and CBH2 (from
Trichoderma reesei) were combined with beta-glucosidase
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(from A. aculeatus) and endoglucanase (from T. reesei) in a
sequential integration approach within the yeast genome via
the integration method. The resulting strain, which secreted
all three CBH enzymes in addition to BGL and EGL,
demonstrated the highest bioethanol concentration of 28 g/L
from corncob. These findings underscore the importance of
CBH enzyme diversity in efficiently hydrolyzing complex
biomass [19]. In recombinant expression systems, the
optimization of surface display of heterologous enzymes
can be achieved by controlling the copy number of
integrated genes, utilizing marker-less integration design, or
by modifiying the enzyme ratio for process optimization. A
method called "cocktail delta integration" has been
established to engineer yeast displaying multi-enzyme
components. This technique involves the frequent
transformation of equimolar concentration of cellulase
expression cassettes, which are integrated in yeast
chromosomes at the delta sites simultaneously.
Transformants with the optimal cellulose-degrading activity
can then be screened easily. This strategy was employed to
engineer S. cerevisiae for the co-display of three cellulases:
exoglucanase and endoglucanase from T. reesei while beta-
glucosidase from A. aculeatus, with the aim of achieving
higher PASC (phosphoric acid-swollen  cellulose)
degradation activity compared to conventional integration
methods [20]. In order to enhance the efficiency of cellulose
degradation, another study implemented delta integration to
boost cellulase expression in haploid yeast strains. These
strains were subsequently bred to create a diploid strain with
increased cellulase expression. The findings revealed that
the engineered diploid strain displayed a six-fold
improvement in PASC degradation activity and produced
7.6 g/L of bioethanol, compared to its haploid strain.
Notably, the diploid strain also demonstrated the ability to
directly produce bioethanol from pre-treated rice straw
without the use of any exogenous enzymes [21]. In recent
scientific research, combinations of cellulases were
displayed on S. cerevisiae to produce bioethanol directly
from lignocellulosic biomass pre-treated with ionic liquid.
The efficacy of this method was tested on bagasse treated
with 1-butyl-3methylimidazolium acetate [Bmim][OAc],
resulting in 0.8 g/L bioethanol production within 96 hours,
comparable to its theoretical maximum (73.4%). However,
the efficiency of the engineered yeast was found to be low
towards hardwoods, as only 21.2% and 18.3% of the
theoretical bioethanol yield were obtained after 72 hours of
fermentation from cedar biomass and [Bmim][OAc]-treated
eucalyptus, respectively [22]. Yang, Zhang, et al. improved
S. cerevisiae's ability to use lignocellulosic biomass
(crushed orange peel) by incorporating a promoter for the
control of the glyceraldehyde-3-phosphate dehydrogenase
gene into the organism's genome. The mutant strain's
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bioethanol conversion rate was 37.7 times greater than that
of the wild-type strain [23].

Due to S. cerevisiae's inability to use hemicellulose sugars
naturally due to the absence of pentose fermentation
enzymes, xylose  catabolizing genes from  other
microorganisms have been expressed heterologous [24]. In
Sakamoto et al. study, endogenous xylulokinase (XKS),
xylose reductase (XR), and xylitol dehydrogenase (XDH)
from Scheffersomyces stipitis were expressed in the
recombinant strain of S. cerevisiae to carry out simultaneous
saccharification and fermentation (SSF) of rice straw
hydrolysate made up of several hemicelluloses. Moreover,
surface displays of the same strain were made with
hemicellulose-degrading enzymes from Aspergillus oryzae,
Trichoderma reesei, and Aspergillus aculeatus. After 72
hours of fermentation, the final modified strain generated an
bioethanol titer of 8.2 g/L [25]. S. cerevisiae was genetically
altered to use xylan by co-expressing a number of xylan-
degrading and xylose-accumulating enzymes. To facilitate
full conversion of xylan into xylose, the recombinant strain
was specifically designed to express xylosidase (from A.
niger) and endoxylanase (from T. reesei). The production of
new xylulose kinase (xyl3) from S. stipitis and xylose
isomerase (xylA) from Bacteroides thetaiotaomicron, which
circumvented the cofactor requirement of the alternative
xylose reductase (XR)-xylitol dehydrogenase (XDH)
pathway, further accelerated the accumulation of xylose.
The natural aldose-reductase gene (GRE3) was removed to
reduce xylitol buildup. The new yeast strain produced more
enzymes and thrived in an aerobic setting. When grown
solely on xylose while oxygen was scarce, it generated 9 g/L
of bioethanol [26].

Thermostable and inhibitor resistant strain of S. cerevisiae
was modified to display hemicellulolytic enzymes on its
surface and engineered to optimize xylose utilization
pathways for hemicellulose degradation. The developed
strain was able to convert hemicellulose hydrolysate from
hydrothermally treated maize-cob feedstock into 11.1 g/L
bioethanol [27]. In a study, metabolic engineering and
adaptive evolution were combined to modify S. cerevisiae
to consume xylose and arabinose alongside glucose
simultaneously. The resulting strain was able to utilize 24%
extra pentose sugar after 120 hours of fermentation on a
mixed sugar medium [28]. Through a combination of
CRISPR-Cas9-mediated  rational and evolutionary
engineering, a highly efficient strain of S. cerevisiae capable
of fermenting xylose was created. That strain, called XUSE,
used an isomerase-based process to convert xylose into
bioethanol with a yield of 0.43 g/g, and was able to
simultaneously ferment glucose and xylose without
significant glucose inhibition [29]. To further improve
bioethanol yield, the high osmolarity glycerol pathway was
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also engineered [30]. Although a mutant SFALl in S.
cerevisiae has achieved the highest bioethanol yield from
lignocellulosic hydrolysates at 0.492 g/g total sugars [31].
The fermentation rates of xylose remain suboptimal,
typically 20-35% smaller than those of glucose, which
restricts overall bioethanol productivity in lignocellulosic
fermentation. Additionally, as the hydrolysates become

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

more concentrated to reach economically feasible
bioethanol production with titers of 40-50 g/L, inhibitor
concentration also increases, further impeding the
functioning of the modified strains. Thus, the challenge
remains to develop a robust S. cerevisiae platform capable
of efficiently producing lignocellulosic bioethanol while
tolerating high inhibitor concentrations [15]

Table 1: Metabolic engineering of Saccharomyces cerevisiae to produce bioethanol from lignocellulosic biomass

Purpose Modifications

Productivity References

Improving xylose catabolism  APHO13, TAL1

Acetate utilization
gndA

Improving bioethanol PHO4
production capacity

S. cerevisiae Assk1Asmp1
Improving inhibitor RTC3, ANB1
tolerances

Carbon loss minimization

XYL2
Acetate utilization AdhE
S. cerevisiae SeACS, adhE

Extracellular secretion of Integration of cellulases

About 3.4 times rise in xylose [32]
utilization rate

13% higher bioethanol yieldon  [33]
glucose

About 4 times higher [34]
bioethanol yield

6% higher bioethanol yield [30]

10% higher bioethanol yield [35]
from xylose

cfxP1, XKS1, XYL1, mXYL1l and 1.33 times higher bioethanol [36]

yield

6% higher bioethanol yield [37]
from xylose

14.8% higher [38]
bioethanol

from bioethanol concentration of 28 [19]

cellulases different sources within the yeast g/L
genome

Improve  expression  of integration of sestc expression 37.7 times higher (7.53 g/L) [23]

cellulases cassette bioethanol

Surface display hemicellulose-degrading  enzymes 8.2 g/L of Bioethanol [25]
from different sources

Improving xylan degradation  Co-expression of xylan-degrading 9 g/L of bioethanol [26]
and xylose-accumulating enzymes

hemicellulose degradation Display of hemicellulolytic enzymes 11.1 g/L bioethanol [27]

on surface and optimization of xylose

assimilation

1. METABOLIC ENGINEERING OF
S.CEREVISIAE FOR BIO BUTANOL
PRODUCTION

S. cerevisiae, a type of yeast that possesses a natural ability
to use the 2-ketoisovalerate synthesis pathway, sometimes
referred to as the valine pathway, is a method for producing
isobutanol from glucose. This process results in the creation
of 2-ketoisovalerate, an intermediary substance in the
biosynthesis of valine. Aldehyde dehydrogenase is used in
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the Ehrlich pathway, however, to transform 2-
ketoisovalerate, a by-product of valine biosynthesis, into
isobutanol. In essence, the Ehrlich route in S. cerevisiae
uses 2-ketoisovalerate as a precursor molecule to produce
isobutanol [39, 40]. Despite the possibility of producing 1-
butanol using S. cerevisiae, little has been done to
completely understand its cellular metabolism. However,
two potential routes for 1-butanol biosynthesis in S.
cerevisiae have been discovered: the first includes using the
amino acid absorption pathway, while the second involves

50


https://dx.doi.org/10.22161/ijeab.82.5

Khan et al.

either separately or in combination with the first, expressing
heterologous clostridial 1-butanol biosynthetic pathways.
[41, 42].

S. cerevisiae is considered to be the most extensively
studied eukaryotic organism, and is recognized as a highly
proficient producer of bio-butanol[43]. The levels of
butanol production achieved through yeast fermentation are
significantly lower compared to those achieved through the
fermentation processes of Clostridium and E. coli bacteria.
There are various advantages to using S. cerevisiae to
manufacture butanol, including its ability to withstand low
pH levels and inhibitors [44]. Additionally, S. cerevisiae is
widely regarded as the most resilient microorganism when
it comes to tolerance to butanol[45]. S. cerevisiae is the
most suitable cellular organism for integration into existing
industrial infrastructure as a cell factory. Numerous
investigations necessitate experimentation on yeast to
generate isomers of butanol, namely isobutanol and 1-
butanol, that can be compared to those produced by E. coli
and Clostridium species. As a result, researchers have
attempted metabolic engineering of S. cerevisiae to make it
a viable contender for industrial-level butanol synthesis.
Similar to E. coli and Clostridium species, S. cerevisiae may
synthesize butanol. various metabolic approaches have been
applied to S. cerevisiae for production of two main isomers
of butanol such as Iso-butanol and 1-butanol [40].

3.1 Biological isobutanol production by engineered
S.cerevisiae

Isobutanol is a liquid having organic nature with no color
that is combustible. Which is one of butanol isomers.
Isobutanol have been considered and employed as a fuel
alternative and solvent in certain industries [46]. In a
pioneering study, the isobutanol synthesis in S. cerevisiae
was verified by elevating the expression of enzymes named
as Ilvs, 1lv2 and IIv3, which encode acetohydroxyacid
reductoisomerase, dihydroxy acid dehydratase, and
acetolactate synthase, respectively) using glucose as a
substrate, about 3.86 mg/l yield of isobutanol was achieved
[47]. This study was the first to report on isobutanol
production using S. cerevisiae. The results show that among
various tested KivDs and alcohol dehydrogenases, Adh6
along with KivDs from Lactococcus lactis are the most
effective enzymes in catalyzing a-ketoisovalerate to
isobutanol. By increasing the expression of L. lactis KivD,
Adh6 and Ilv2 in a pdcl knocked out yeast strain, isobutanol
titers of approximately 6.6 mg/l were achieved [48]. The
Pdcl coding pyruvate Decarboxylase, llv2, and Alcohol
Dehydrogenase 6 (Adh6) enzymes controlling the
conversion of pyruvate into acetaldehyde, acetolactate and
NADPH-alcohol respectively. Subsequently, acetaldehyde
is transformed into acetate via the action of Ald6
(Acetaldehyde Dehydrogenase 6) enzyme.
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L. lactis KivDs Overexpression in cytosol was evaluated for
its potential to increase isobutanol production [47]. The in
vitro specificity of KivD was found to be the highest and led
to an increase in synthesis of isobutanol to 20.0 mg/L from
15.0 mg/L when co-overexpressed with 11v5, 1lv3, and Ilv2
and exploiting glucose as a single carbon source [49].
Nevertheless, Brat and his team found that the presence of
an active mitochondrial valine synthetic route prevented
further increases in the isobutanol titer when all of the
enzymes in the valine biosynthesis pathway were
overexpressed in the cytosol [50]. The researchers
successfully expressed 1lv5, Ilv3, and Ilv2 in the cytosol
without the addition of N-terminal amino sequences. They
further assessed the activity of several L. lactis KivD and
Arol0 (ketoisovalerate decarboxylase) in a Pdc-minus
strain. The maximum activity was observed with both
Arol10 and Adh2. As a result, co-expression of the Arol0,
Adh2, 1lv5, 1lv3, and llv2 pathways in an Ilvl (threonine
ammonia-lyase) deleted strain resulted in an isobutanol
synthesis of 630 mg/L.

In order to create a cytosolic artificial isobutanol route in S.
cerevisiae, the enzymes Ilvbp, Ilv3p, and Ilv2p were
expressed along with Adh and KivD. This improved
isobutanol production [50, 51]. To increase the isobutanol
titer, different techniques were used, such as correcting
cofactor imbalances and downregulating competing routes.
In addition, a cytosolic route was established by
upregulating natural mitochondrial valine pathway
enzymes. To do this, shortened genes (llvsc, Ilv3c, and
llv2c) lacking mitochondrial targeting regions were
overexpressed. It was discovered that upregulating the
transhydrogenase shunt and removing the Ipd1 gene yielded
a titer of up to 1.62 g/liter when the strain was
overexpressing kivD and Adh6. [52]. The overexpression of
Adh6, Arol0, IIv3, 1Iv5, 1lv2, Adh2, and L. lactis KivD
enzymes in their native compartment, in combination with
the downregulation of enzymes such as Bat1, pd1 and Ald6,
has been reported to frequently improve isobutanol
production [52, 53]. All these approaches were applied to
an Ipd1 downregulated strain, JHY465, which resulted in a
further overexpression of Adh2 and Arol0 in the
mitochondrial through fusing COX4-MLS (N-terminal
mitochondrial localization signal) [54]. The final isobutanol
production as a result was 330.9 mg/L. After inactivating
the enzymes acetaldehyde dehydrogenase (Ald6), Adhl,
llvl, amino-acid aminotransferase (Batl), and leul along
with upregulating enzymes tangled in the valine biogenesis
isobutanol pathway, the D452-2 strain yielded in isobutanol
(662.0 mg/L) using glucose as source of carbon [55]. The
deletion of (bdhl, bdh2 encoding NAD-dependent
butanediol dehydrogenase), acetolactate synthase (ilv2),
leu9 ketopantothenate hydroxymethyltransferase (ecm31),
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leud4, adhl, acetaldehyde dehydrogenase (ald6), gpdl,
gpd2, and ilvl genes in a yeast strain named as CEN.PK113-
7D increase its ability of isobutanol synthesis. CEN.PK113-
7D accumulated about 2.1 g/L, when the competing
metabolites synthesis pathway for 2,3-butanediol, leucine,
isoleucine, pantothenate, ethanol, and glycerol from glucose
has been knocked out [56].

Xylose was effectively converted into isobutanol in a
groundbreaking study using yeast that had been
metabolically altered. The yield was 0.16 mg/g and the
concentration was 1.36 mg/L after overexpressing and
upregulating the valine biosynthesis enzymes and the
xylose isomerase enzyme from the yeast cytoplasm, both of
which are found in C. phytofermentans. In terms of
producing isobutanol industrially from renewable
feedstocks, this constitutes a significant advancement [57].
Recently, a higher isobutanol titer of 3.10 g/L was attained
by expressing the mitochondrial isobutanol pathways in
yeast, uptake of xylose isomerase, and eradication of
competitive isobutanol-producing routes by removing the
enzymes held to account for their biogenesis, Batl, Ald6,
and Pho13 [58].

3.2 Biological production of 1-butanol by engineered
S.cerevisiae

The clostridial 1-butanol route in S. cerevisiae produces
acetyl-CoA, an intermediate. The transformation of acetyl-
CoA to acetoacetyl-CoA is then catalyzed by ERG10, also
known as native thiolase. Since many different
biomolecules require acetoacetyl-CoA as a precursor,
foreign genes must be expressed to create heterologous
enzymes that can convert acetoacetyl-CoA into 1-butanol.
[40]. In their first attempt, Steen and his team successfully
produced 1-butanol in S. cerevisiae by expressing
isoenzymes from multiple sources to construct the 1-
butanol pathway. The ESY7 mutant strain that has natural
thiolase (ERG10) and Hb-CoA dehydrogenase (Hbd)
overexpressed on a high copy number produced the best
yield. Galactose was converted into 1-butanol at a rate of
250 mg/L. [59]. The CEN.PK113-11C yeast strain
containing a plasmid with Adh2, ERG10, Acs, crt, hbd,
Ald6, and ter enzymes was metabolically modified to create
a pathway for the biosynthesis of 1-butanol and boost
carbon flux. Using glucose as the substrate, this resulted in
the synthesis of 16.30 mg/l butanol [43]. This isa six and a
half times increase than the previously generated butanol
titer, which was 2.50 mg/L [59].

A recent discovery showed that a yeast strain W303-1A
with a 1-butanol biosynthetic pathway produced butanol at
a low rate when glucose was employed as the growth
substrate [60]. Trans-enoyl CoA reductase enzyme was
introduced to the butanol pathway to boost productivity
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after the Pdcl and Pdc2 genes were deleted to decrease
glycerol generation. After fermentation for 49 h, Butanol
2.0 mg/L was generated by the mutant strain. The highest
butanol concentration reported 835.0 mg/L, resulting in a
yield of about 42 mg/g, was by [61]. A genetically
engineered yeast strain's clostridial aceto-acetyl-CoA
pathway production of 1-butanol was negatively impacted
by the lower cytosolic acetyl-CoA and Coenzyme-A levels
[41]. The researchers noticed a substantial rise in the
formation of 1-butanol up to 130 mg/L in an oxygen-free
environment when they boosted the amounts of NADH,
Coenzyme-A and acetyl-CoA. This was achieved by
expressing adhEA7T/ESEBKRSTIS  genes,  producing an
improved form of acetyl-CoA that can acetylate both trans-
2-enoyl-CoA reductase and acetaldehyde dehydrogenase in
the presence of NAD+. Interestingly, The modified yeast
strain produced the highest 1-butanol titer of 0.86 g/L under
aerobic conditions due to the overexpression of
pantothenate kinase and amine oxidase (Fms1) [41].

V. CELL SURFACE TECHNOLOGY FOR
BIOETHANOL PRODUCTION

In several bioethanol manufacturing processes, this
technique has been used in place of the conventional
procedure [71, 72]. Various membrane technologies,
including membrane distillation (MD), pervaporation (PV),
ultrafiltration (UF), nanofiltration (NF), and microfiltration
(MF), were employed to produce bioethanol. Microalgae
can be recovered by employing MF/UF. Pretreatment is
required for second and third generation bioethanol in order
to make the biomass's carbohydrates available for
conversion. After pretreatment and before fermentation, the
second potential membrane use is the purification and
concentration of prehydrolyzates. Concentrating the sugar
solution and removing fermentation inhibitors are
capabilities of MD, NF, and RO. An NF process with UF
has been investigated in conjunction with enzyme recovery
and other value-added manufacturing. After fermentation,
bioethanol with low concentration is delivered for pre-
concentration and pervaporation. In order to execute
continuous fermentation, pervaporation and fermentation
have been merged. Yeast and fermentation inhibitors can be
eliminated throughout the process by utilizing UF and NF
to create a hybrid process [73].

V. CELL SURFACE TECHNOLOGY FOR
BIOBUTANOL PRODUCTION

In order to extract butanol from fermentation broth, various
separation methods are now used, including adsorption
[62], liquid-liquid extraction [63], gas stripping [64],
pervaporation [65], reverse osmaosis and perstraction, [66]
Because to its effectiveness and energy-saving features as
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well as the fact that it has no negative effects on
microorganisms, pervaporation (PV) is regarded as having
the highest potential of all these separation techniques.
Contrary to distillation, pervaporation is a more
sophisticated and cost-effective method to separate the
water and butanol later [67]. Some of the components in a
feed solution can preferentially pass through a membrane
surface as it is being passed over the membrane,
concentrating as vapors in the permeate. This membrane
process, known as pervaporation, can achieve molecular
separation for liquid mixtures [68]. The difference in vapor
pressure between feed solution and permeate vapor, which
is normally maintained by supplying a vacuum on the
downstream side, is what drives the pervaporation process.

The separating membrane serves as the process' central
component. When selecting a pervaporation membrane for
a given mixture, there are two key considerations that must
be made: Separation factor and permeate flux, or the mass
flow rate per unit membrane area (the membrane’s permeate
side component to feed side component ratio divided by the
permeate side component to feed side component ratio).
Based on a membrane's specific characteristics, such as its
hydrophilicity and organophilicity, there are many distinct
types of pervaporation membranes for varied uses. Two
scenarios are often involved when using the method of
producing biobutanol through pervaporation. The first
involves recovering butanol from low-solvent fermentation
broth, where organophilic membranes may be utilized to let
solvents flow while keeping water in retentate [69]. The
solvent in the retentate must be dehydrated while the
hydrophilic membranes must preferentially extract water
from the solution in order to dehydrate low-water-content
butanol-water combinations. The design and manufacture
of intelligent membrane Over the past few years, materials
have attracted a lot of interest with the goal of enhancing
butanol pervaporation separation's long-term stability and
effectiveness. Moreover, a number of scientists have
developed various fermentation-pervaporation integrated
techniques for making biobutanol [70].

VI. TECHNO-ECONOMIC COST OF
BIOETHANOL AND BIOBUTANOL

lignocellulose-based biofuels are essential for preserving
agricultural land and reducing the negative effects of global
traffic and transportation on the environment [74].
Bioethanol has sparked a lot of interest in recent years as a
fuel extender or even as a standalone liquid fuel.
Consequently, because of their affordability and high
potential for availability, lignocellulosic materials are
extremely appealing substrates for the synthesis of
bioethanol [75]. It is estimated that it will cost somewhere
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between 0.13 and 0.81 US dollars to produce one liter of
ethanol. The cost of the feedstock, which ranged from 30 to
90 US dollars per metric ton, is one of the key factors
affecting the economic outcome. In order to lower the
energy needed for the distillation process and other
downstream  processes, high ethanol yields and
concentrations must be attained during fermentation.
Making ethanol produced from lignocellulose competitive
with ethanol produced from sugar and starch requires
improved pretreatment techniques, improved enzymatic
hydrolysis using less expensive enhanced fermentation
systems, and more effective enzymes, all of which pose
considerable scientific challenges. Another method to
reduce ethanol production costs overall is process
integration, either internally or externally with other plant
types, such as heat and power plants [76].

Production of bio-butanol is continuing on a global scale as
an alternative to petrochemical fuels. The cost to
manufacture butanol from cooked rice is $1.24 per kilogram
(Kg), as determined by the techno-chemical analysis of
butanol [77]. Costs for liquid-liquid extraction and
distillation of butanol from corn biomass, lignocellulose,
and sugarcane were 0.74 dollars, 1.19 dollars, and 1.59
dollars per kg, respectively [78]. ABE fermentation utilizing
maize as the feedstock is used to produce butanol
commercially at the Jilin Cathy industries in China for a cost
of $2000 USD per ton, or roughly 70% of the whole cost.
Thus, utilizing non-food biomass as a top priority to lower
process costs By 2020, it is predicted that there would be a
global demand for bio-butanol and other bio-based fuels of
over 248 billion US dollars due to its advantages over other
biofuels [79]. Butanol and ethanol are currently heavily
supplied by petrochemical companies to the worldwide
market, which makes its price dependent on the price of
crude oil.

VII. FUTURE REMARKS

S. cerevisiae metabolic engineering for biofuel production
has made great strides in recent years. However, there are
still a number of difficulties that need to be addressed before
this technology can be fully commercialized. One of the
primary obstacles is the high cost of lignocellulosic biomass
pretreatment, which is necessary for efficient conversion of
this material to biofuels. Future research should focus on
developing cost-effective and sustainable pretreatment
methods that can increase the economic feasibility of
conversion of lignocellulosic biomass.

Another challenge is the low yields of biofuels obtained
from S. cerevisiae, which limit the scalability of the process.
The development of novel biosynthetic pathways, the
modification of central carbon metabolism, and the
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improvement of fermentation conditions are some of the
metabolic  engineering techniques that should be
investigated in future studies to increase the generation of
biofuels. Furthermore, another significant problem that
requires attention is the host cell toxicity of biofuels. Future
research should aim to develop more robust S. cerevisiae
strains that can tolerate higher concentrations of biofuels as
well as strategies to minimize the toxicity of biofuels during
fermentation.

VIII. CONCLUSION

Metabolic engineering of S. cerevisiae for 4 and 2 carbon
biofuel production holds great promise for the sustainable
and cost-effective production of biofuels. By manipulating
the yeast's metabolic pathways, researchers have been able
to redirect carbon flux towards the production of these
valuable biofuels. With the growing demand for renewable
energy sources and the need to reduce our reliance on fossil
fuels, this approach represents an exciting avenue for future
research and development in the field of biofuels. Further
optimization of the metabolic pathways and scaling up the
production process will be essential to ensure the economic
viability and commercial success of this technology.
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Abstract—Yield, physicochemical and colorimetric characteristics of bresaola from Lebanese Baladi-goat
and Awassi-sheep compared to that from beef is studied. For this purpose, defatted lean meat cuts from
Beef, Baladi-goat and Awassi-sheep were collected, weighed and processed following the EU-approved
guidelines for Bresaola della Valtellina. The bresaola from beef (BFB) had the significantly lowest
moisture and fat content compared to Bresaola from Baladi-goat (BFG), with the values of Bresaola from
Awassi-sheep (BFS) being significantly the highest. Furthermore, the protein and ash content of BFB was
significantly the highest, followed by the values of BFG with content of BFS being the lowest. The pH value
of BFB was significantly the lowest, while there was no difference between those of BFG and BFS. There
was no significant difference in the water activities of BFB, BFG and BFS (0.848+0.002). As for the
colorimetric characteristics, the AE value of BFB with BFG is 14.74+4.10, while that of BFB with BFS is
17.88+4.10, and that of BFG with BFS is 16.00£4.10 noting that the values did not differ significantly. The
BFB and BFG Hue values did not differ significantly both being significantly larger than that of BFS. The
BFB and BFG Chroma values were not significantly different while both being significantly different from
that of BFS. Bresaola from raw meat (kg-Bresaola/kg-raw meat) value for beef was found to be
significantly higher than that of goat, with value for sheep being significantly the highest. Consequently,
the opposite was true for weight loss (%).

Keywords— Bresaola, Beef, Baladi Goat, Awassi Sheep, Conversion values, Physicochemical,
Colorimetric properties.

Bresaola originate from Italy and is guaranteed by
Protected Geographical Indication (PGI) community
trademark “Bresaola della Valtellina,” and gained

I.  INTRODUCTION
and carbohydrates [6] [7].

authentic, tasty, rich in protein and low in lipid, cholesterol

Traditionally, Bresaola is made by curing cuts from the
hind quarter (mostly Semimembranosus, Semitendinosus

popularity in the national and international market [1]. It is
a dry meat product, similar to other products such as
Turkish and Armenian pasturma [2] [3] and other dry-
cured beef [4]. Bresaola has low fat and calories contents,
and high amount of protein, iron, vitamins and minerals
[5], fitting the current consumers’ who favor meat that is
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and Quadriceps femoris muscles) of cattle, horses, or
donkeys [7]. The meat is defatted, then marinated with dry
salt and natural flavors for at least 7 days then dried and
cured -with seasoning- under adequate environmental
conditions (temperature, relative humidity and air velocity)
for a duration of at least 3 weeks [8] [9]. The Bresaola
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quality depends on the initial properties of the meat and its
treatment [9, 10] influencing nutritional and sensorial
characteristics of Bresaola [1]. In the last years several
studies highlighted the favorable nutritional profile of meat
and meat products from alternative animal species such as
buffalo, goat [7, 11] and game animals [12-14].

In Lebanon, around 92-95 % of goat breeders raise the
local population of goats called “Baladi” and 99% of sheep
farmers raise the Awassi breed [15, 16]. They are mainly
raised in extensive systems with different levels of
concentrate supplementations [15]. Furthermore, more
than 6000 families are living from the income of goat herd
products such as milk, meat and fur [16]. The Awassi
sheep is also a multipurpose breed with a dominance of
meat production. The goat kids and the sheep lambs are
slaughtered at the mature age of around one year for a
weight varying between 40 and 55 kg [15]. The production
of dry cured meat products that are available throughout
the year could be a tool to increase the value of goat and
sheep meat.

The aim of the work was to evaluate yield, chemical
parameters like proximate composition, pH and aw in the
raw material of Baladi goat and Awassi sheep compared to
the traditional source of bresaola meat i.e. beef cattle, and
the corresponding cured fermented and dried products
prepared from the same meats, using the processing
scheme of ‘bresaola’ production. Furthermore, the
colorimetric properties of the produced beef, goat and
sheep Bresaola was elucidated.

II. MATERIALS AND METHODS
2.1 Meat and Bresaola

The beef, Baladi-goat and Awassi sheep top cut round
meat were collected from certified local Lebanese-licensed
abattoir who abide by the standard handling procedures.
The top cut round meat was taken from the 3 bulls, 3
Baladi-goat and 3 Awassi-sheep hind areas. After
trimming, defatting and taking samples of raw meat, the
cuts were tumbled with a curing mixture (for 1kg of fresh
meat: 25g of sodium chloride, 1.2g of Fructose corn syrup,
0.2g of sodium nitrite, 1g spices) turned and massaged
every 3 days at a 70-80% RH for a total duration of 9 days
at 2-3C. After 9 days after shaping step, rapping in a
natural casing, tying with a food grade string and place it
into a curing chamber, at 13C and 85%RH for 2 months,
bresaola was produced.

2.2 Physicochemical properties

All raw and Bresaola samples were sent to the laboratories
of the Industrial Research Institute, Lebanese University
Campus Hadatt (Baabda) Lebanon, to study their
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physicochemical properties. The three samples of raw and
bresaola meat were tested with three replications each.
Each sample was assessed for theses parameters: Moisture
content following drying Method (AOAC Official Method
950.46B)[17, 18]; Protein content following Kjeldahl
method (AOAC Official Method 928.08)[19]; Fat content
following Soxhlet extraction method (AOAC Official
Method 960.39)[20]; Ash content following using the
basic heating technique (550 C for 5 h) AOAC official
method 920.15 [19]; pH was measured using a pH-meter
Microcomputer based pH/conductivity/TDS/salinity and
temperature pocket meter Model pH/EC80 (Jenco
VisionP), with tip probe electrode at 25C; Water activity
(aw), was measured using (TESTO650, Germany) with an
accuracy of £0.001 at 25C.

2.3 Colorimetric Properties

The color of Bresaola were determined using pantone
color chart [21] which had the corresponding CIE L*a*b*
values. Following the American Meat Science Association
[22] these parameters were calculated:

i. Redness Ratio where Larger ratios of a*/b* indicate
less discoloration [22]-[23]

Equation (1): Redness Ratio= a*/b*
ii. Chroma (C): larger values indicating more saturation of
the principle hue of the sample [22]
Equation(2): C= (a*"2 + b*"2)"(0.5)
iii. Hue angle (HA): Larger values indicate less red. [22]
Equation(3): HA= {arctangent (b*/a*)}
iv. Delta E (AE): Total color change. It is used to assess

the difference in color between bresaola from beef,
Baladi-goat and Awassi-sheep [22]

Equation(4): AE= (AL*"2+ Aa*"2+ Ab*"2)"0.5
2.4 Yield attributes

The initial weight of meat cuts was recorded. Furthermore,
the final weight of the bresaola produced was recorded.
This has allowed the calculation of bresaola from meat cut
(kg bresaola/ kg raw meat) (5). Furthermore, the percent
weight lost during the process was calculated (6).

Equation(5): Bresaola produced= Bresaola weight /
Initial weight

Equation(6): Weight loss= (Initial meat weight —
Bresaola weight)*100 / Initial meat weight

2.5 Statistical analysis

All data were subjected to analysis of variance, using the
GLM procedure of the SPSS statistical software (IBM
SPSS statistics 21). The mathematical model included
fixed effect due to animal species for bresaola. Significant
differences were found if P is less than 0.05. Least Squares
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means were evaluated to set the difference between the
different parameters. Furthermore, the Pearson correlation
was calculated between the CIE L*a*b*, colorimetric
calculated attributes and the physicochemical properties of
produced bresaola.

I1l.  RESULTS
3.1 Physicochemical Properties
3.1.1.  Physicochemical properties of raw meat

The moisture content of beef cuts did not differ
significantly from that of Baladi-goats cuts, both being
significantly higher from moisture content in Awassi-
sheep cuts “Table 1”. Concerning the fat content, beef cuts
was found to have the significantly lowest value compared
to that of Baladi-goat and Awassi-sheep cuts which did not
differ significantly from each other “Table 1”.

Table 1: Physicochemical properties of raw meat cuts

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

activity (aw) value there was no significant difference
recorded in this study for BFB, BFG and BFS “Table 2”.

Table 2: Physicochemical properties of Bresaola

BFB BFG BFS

meanzS.E. meanzS.E. meanzS.E.
M. (%) 33.73%+0.07  34.97°+0.07  37.17°:0.07
Fat (%) 2.73%+0.05 5.23+0.05 7.73°40.05
Prt.? (%) 55.22+0.1 53.2°+0.1 48.6°¢0.1
Ash (%) 7.77%+0.03 6.27°+0.03 6.07¢°+0.03
pH 5.532+0.04 6.00 "+0.04 5.93°+0.04
aw?® 0.850°+0.002 0.847+0.002 0.852%+0.002

beef Baladi-goat Awassi-
sheep

mean+S.E mean+S.E. mean+S.E.
M. (%) 74.6%+0.3 73.840.3 69.6°+0.3
Fat (%) 1.37%+0.09 3.80°+0.09 4.03°+0.09
Prt.? (%) 22.4%+0.3 20.7°+0.3 25.0°4+0.3
Ash (%) 1.232+0.06 1.17%+0.06 1.178+0.06
pH 5.60%+0.03 5.47°+0.03 5.97¢+0.03
aws 0.967°£0.004 0.940°+0.004 0.947%+0.004

Within rows, means with different letters are significantly
different. 1: Moisture; 2: Protein; 3: Water activity; BFB:
Bresaola from beef, BFG: Bresaola from Baladi-goat;
BFS: Bresaola from Awassi-sheep

3.1.3.  Colorimetric properties

All the L, a* and b* values were positive. The L value of
BFB was significantly higher than those values of BFG
and BFS, both being non-significantly different “Table 3”.
As for the a* value, it was significantly the highest for
BFB compared to those of BFG and BFS which did not
differ significantly from each other “Table 3.
Furthermore, the b* values of the BFB, BFG and BFS did
not differ significantly from each other “Table 3”.

Table 3: CIE-L*a*b* values of Bresaola

Within rows, means with different letters are significantly
different. 1: Moisture; 2: Protein; 3: Water activity;

The protein content and pH values, the values recorded of
Awassi-sheep cuts were significantly the highest followed
by that of beef cuts, with that of Baladi-goat cuts being the
significantly lowest. Last but not the least, the pH and aw
values of the beef, Baladi-goats and Awassi-sheep cuts
showed no significant difference “Table 1.

3.1.2.  Physicochemical properties of Bresaola

The moisture and fat content of bresaola from beef (BFB)
were significantly the lowest, those recorded for bresaola
from Awassi-sheep (BFS) were significantly the highest
with those recorded for bresaola from Baladi-goats (BFG)
in between “Table 2”. The opposite was true for the
protein and ash content, where the values for BFB were
found to be significantly the highest, followed by the
values of BFG with those values of BFS being
significantly the lowest “Table 2”. The pH values of BFG
and BFG did not differ from each other with that of BFB
being significantly lower “Table 2”. Concerning the water
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BFB BFG BFS
meanzS.E. meanzS.E. meanzS.E.
L 47.25+1.75  37.80°+1.75 41.17°+1.75
a* 49.91°+3.49  50.61°+3.49  65.44°+3.49
b* 35.1742.35  30.51%+2.35  33.40°%+2.35

Within rows, means with different letters are significantly
different. BFB: Bresaola from beef; BFG: Bresaola from
Baladi-goat; BFS: Bresaola from Awassi-sheep

As for the colorimetric calculated values, it was found that
the Redness Ratio (1) and Chroma values of BFB and BFG
did not differ significantly from each other while BFS
values were significantly the highest “Table 4”.
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Table 4: Redness Ratio (1), Chroma (C) and Hue Angle
(HA) values for bresaola

BFB BFG BFS
mean+S.E.  meanzS.E.  mean+S.E.
Redness Ratio  1.44°+0.13  1.68°+0.13  1.96°+0.13
C 61.32+3.4 59.1°+3.4 73.30°+3.4
HA 355425  30.9%+2.5 23.4°+2.5

Within rows, means with different letters are significantly
different. BFB: Bresaola from beef; BFG: Bresaola from
Baladi-goat; BFS: Bresaola from Awassi-sheep

Concerning the Hue angle value, there was no significant
differences between the BFB and BFG while that of BFS
was significantly the lowest “Table 4”. As for the Delta E,
the color difference between BFB and BFG is 14.7+4.1,
while that between BFB and BFS is 17.9+4.1 and last but
not least the color difference between BFG and BFS is
16.0+4.1.

3.1.4. Correlation between Colorimetric properties and
physicochemical properties

The moisture, fat and protein content were not correlated
with the brightness (L) value of the meat, while it was
highly and positively correlated with the ash content and
highly and negatively correlated with the pH value.

Table 5: Pearson correlation between CIE-L*a*b* value
and physicochemical properties of bresaola

Brightness Redness Yellowness

L a* b*
Moisture n.s. 0.772 n.s.
Fat n.s. 0.731 n.s.
Protein n.s. -0.786 n.s.
Ash 0.743 n.s. n.s.
pH -0.761 n.s. n.s.
aw n.s. n.s. n.s.

n.s.: Not significant

The redness value (a*), on the other hand was positively
and highly correlated with the moisture and fat content and
highly and negatively correlated with the protein content.

3.1.5.  Yield parameters of Bresaola

As for the bresaola produced from kg of raw meat, it was
found that Awassi-sheep meat produced the significantly
highest bresaola weight, followed by that of beef meat
with that of Baladi-goat meat being significantly the
lowest “Fig. 1”.
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Bresaola
(kg/kg raw meat)

0.5
0.49

0.48
0.47
0.46
0.45
0.44
0.43
0.42
0.41
0.39
Beef Goat Sheep
a b c

Fig.1 kg Bresaola from 1 kg raw meat
Different alphabetic letter indicate significant difference

Following the opposite tendency of bresaola weight
produced, the weight loss during bresaola production was
the lowest in BFS production, followed by that in BFB
production with that in BFG production being the highest
“Fig. 2”.

Weight Loss
% of initial weight

56
55
54
53
52
51
50
49
48

Beef Goat Sheep
a b c

Figure 2 Percent weight loss during bresaola production
Different alphabetic letter indicate significant difference

IV. DISCUSSION

Animal  species did affect significantly  the
physicochemical properties of Fresh meat and bresaola
produced which is similar to the results found by Marino
et, al. 20015[1], Zhang et al. 2015 [5] and Paleari et. al.
2003 [7]. The moisture content of fresh meat was highest
in beef but turned to be lowest in the BFB produced. The
opposite was true for Awassi-sheep raw meat, where it
started to be the lowest and the moisture content was the
highest in the BFS produced. This might be due to the
higher fat content in Awassi-sheep meat compared to that
of beef meat. This was different from the study in New-
Zealand where bresaola done from lamb and mutton had
the lowest fat content [5]. This difference might be
attributed to the different species of sheep predominant in
New-Zealand [24] which does not include the Awassi-
sheep. The trend of fat content was the same in raw meat
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and that of bresaola, where Beef and BFB had the lowest
fat content followed by Baladi-goat and BFG with Awassi-
sheep and BFS having the highest fat content. Concerning
the protein content, it started by raw Awassi-sheep meat
having the highest protein content but ended up by having
the lowest one in the BFS. This might be explained by the
fact mentioned by Zhang et. al. 2015 [5] who found that
bresaola from mutton meat, when compared to bresaola
from beef, veal, wagyu and lamb, had undergone the
highest proteolysis rate leading to highest free amino acids
content. As for the ash content, while there was no
difference at the raw meat level, BFB had the highest ash
content followed by BFG and then BFS. The increase of
ash content is due to the salting stage, however the highest
increase in beef ash content might be due to the lowest fat
content which might have hindered salt penetration where
the leaner the outer surface area the higher the penetration
of salt [25]. As expected, the reductions in moisture
content and increase in ash content resulted in a significant
decrease in the aw of bresaola produced, around
0.851+0.002, compared to that of the fresh meat product,
around 0.951+0.004. This reduction renders the bresaola
produced relatively shelf stable even against listeria
monocytogenesis [26, 27]. Concerning the pH there was no
significant difference between the bresaola Bresaola
produced, the values being within the acceptable range [9],
keeping the product under the low acid food category [28].

Concerning the colorimetric properties of the BSB, BSG
and BSF, there was significant difference among the
different species which is in compliance with the literature
[5, 29]. Starting with the brightness (L*) they were higher
than those reported by Zhang et. al. 2015[5], ranging from
20 to 30, similar to those reported for young bulls[8] and
commercial bresaola, around 40 [30]. This is although the
moisture content of the produced Bresaola is similar to that
recorded by Zhang et. al. 2015 [5] it has similar values to
those recorded by the commercial bresaola. The BSB had
the highest light reflectance, followed by that of BFS and
BSG having the lowest value. The L value was correlated
positively with the ash and negatively with the pH values.
The redness value (a*) of BFB and BFG were similar to
each other both being less red than the BFS. This might be
due to the significantly highest moisture content which
was reflected by high correlation between moisture content
and a* value. This was not in accordance with Zhang et.
al. 2015 [5] but this might be explained by the much lower
moisture content recorded. The yellowness values of the
BFB, BFG and BFS did not differ from each other which
might explain the non-significant correlation was recorded
between b* and the physicochemical properties. The
calculated colorimetric values did differ significantly
between BFB, BFG and BFS. The BFS had the highest
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Redness Ratio and HA values indicating least discoloration
and more redness. This is in parallel to the a* values of
BFN, BFG and BSB recorded and to the high change in
color vales (AE) between BFN, BFG and BSB.

One of the most important attributes in any processing are
the yield attributes. BFS had the highest yield and the least
weight loss, despite starting with the highest moisture
content. Weight loss of around 56 - 57% is a bit higher
than the 34.1% to 40.5% recorded by Alabiso et. al. 2020
[10] who produced bresacla made from Cinisara cattle.
The meat from Cinisara cattle had a starting moisture
content from 74.5% to 76%, while we had the highest at
74.6% for beef, 73% for goat and 69.6% for sheep.
Furthermore, the last stage of bresaola production, it which
was kept at 13C and 85%RH for 2 months, compared to
12C and 72-75% RH for 1 month by Zhang et. al. 2015
[5], and to 10°C and 90% of RH for 1 month by Alabiso
et. al. 2020 [10] might be the reason behind this variation.

V. CONCLUSION

Meat from Awassi-sheep and Baladi-goat can be used for
bresaola production with their yield being higher than that
observed in meat from beef. In addition to that, more
studies should be done to monitor the effect of each stage
and parameter on the end product. There was difference in
the physicochemical properties and colorimetric properties
between the beef, Baladi-goats and Awassi-sheep. More
studies should be conducted to confirm some of the
differences realized between the local breeds and those
recorded by the literature. A sensory analysis should be
conducted to assess the acceptability of BFG and BFS
compared to BFB and the imported brands.
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Abstract— Feedback of 250 Livestock Development Officers (LDO) of Maharashtra state was taken
regarding the livestock health care delivery system in pre constructed format. The study revealed that 17.60
% LDO were looking after five and more than five dispensaries and23.20 % LDO were taking care of
livestock from more than 20 villages. Many of the LDOs (56.80 %) were also involved in different extension
works such as implementation of Gov. Schemes, survey work and cattle show etc., besides treatment of
animals. Majority of the officers (72.40 %) visited farmer’s house as and when farmers called. Moreover,
69.60 % LDO informed that they visited village for the treatment of livestock very often.Most of the officers
informed about sufficient stock of vaccine (82.00 %), antibiotic (60.00 %), anthelmentis and analgesics
(63.60 %), but 42.00 % LDO reported scarcity of vitamin and mineral mixture.In respect of disease outbreak
/ occurrence, LDO reported outbreak of 22 diseases in livestock and poultry. Most occurrence of disease
was FMD in cattle (28.00 %), followed by PPR in goat (24.80 %) and HS in cattle (14.40%). 31.20 %
respondents reported more than two weeks time was needed to get diagnostic report of disease from the
testing laboratory.32.80 % LDO informed that they reported to the District Animal Husbandry Officer
regarding outbreak / occurrence of disease.The officers revealed that the regular vaccination was carried
out against FMD (97.20 %),HS (93.20 %) and BQ (92.00 %). 35.60 % respondents reported vaccine failure
and cause of vaccine failure was found to be improper storage and transportation of vaccine (17.20 %)
followed by untimely vaccination (10.80 %) and some even doubted about the quality of vaccine. 47.60 %
LDO reported the sufficient availability of acaricide and 67.20 % respondents informed sufficient
availability of anthelmintic in the animal health center.Artificial Insemination was preferred over natural
service by farmers for breeding of livestock as reported by 83.60 % respondents.Conception rate in Al was
reported to be 45.27 %, whereas number of Al / conception was reported to be 2.85. Reason for preference
of Al by most of the farmers was easy availability (46.00 %) followed by better conception rate (43.60%).

Keywords— Delivery System, Health Care, Livestock, Maharashtra, Survey

I INTRODUCTION

population). In Maharashtra goat population is 10.60

Livestock sector plays an important role in socio
economic development of our country. The success of
livestock industry depends on good health of the livestock.
Maharashtra is rich source of livestock population. As per
20th Livestock Census (1) the bovine livestock population
of Maharashtra is 19.50 million out of which cattle
population is 13.90 million (7.22 % of national population)
and buffaloes population is 5.60 million (5.10 % of national
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million, which is 7.12 % of National population. Livestock
thus is an important integral part to the sustainability of
economy of this state. So, information on the livestock
health care delivery system in Maharashtrawill definitely
help the State Animal Husbandry Department to identify the
constrains and issue related to proper health care
management of livestock of the state. This in turn would
help to plan properly to monitor and undertake prevention
and control measures of livestock diseases well in advance.
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Moreover, all those information was lacking. Therefore this
survey work was conducted as a part of extension work in
the year 2018 - 19.

1. MATERIAL AND METHODS

A structured questionare was developed for
collecting data from Livestock Development Officers
(LDO) of Maharashtra on livestock health care delivery
system in the state. Survey was done and information was
collected in preconstructed proforma. The questionare was
pretested and the information was collected from 250
Livestock Development Officers belonging to almost all the
regions and districts of Maharashtra. The questionnaire
included information on (i) responsibilities of the officers
(the number of hospitals under their jurisdiction, number of
villages to be covered with population of animals,
responsibilities/duties assigned other than related to health
care, etc.), (ii) animal treatment (common diseases, Visit to
villages, diagnosis of conditions, availability of drugs and
vaccines, organization of outreach programmes and health
camps etc.), (iii) disease surveillance and monitoring
(common disease outbreaks, testing samples and facilities
etc.), (iv) vaccination (common vaccinations, frequency,
storage and transport of vaccines, vaccination failure etc.),
(v) control of parasites (methods used for control,
availability of acaricides, frequency of deworming, etc.),
and (vi) animal production, reproduction and minor
surgeries (feeding practice, breeding method, availability of
Al straws, and minor surgeries such
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as dehorning, castration, branding, hoof trimming, dystocia
and caesarean section etc. Afterwards data were analyzed
statistically (5) using SPSS 10.5 version software.

1. RESULTS

The respondent Livestock Development Officers
(LDOs) were belonging to 33 districts of Maharashtra. The
maximum participants were from Nagpur (15) district
followed by Nashik (14) and Raigarh (14) district. It was
observed that 60.00 % LDO were holding charge of one
hospital / dispensary, whereas 17.60 % were taking care of
five and more than five dispensaries (Table — 1) indicating
inadequate number of officers in certain areas. In terms of
coverage of villages by the LDOs, 25.20 % informed that
they were treating livestock of 6 — 10 villages, while 23.20
% LDO reported of taking care of livestock from more than
20 villages. Most of the LDO (30.00 %) reported that
population of animal was 501-1000. However, 20.00 %
LDO reported that animal population was < 500 and 19.20
% also reported that it was 5001-10000. When information
was taken on different activities performed by the officials
other than animal health care, it was observed that 56.80 %
LDOs were involved in different extension works such as
implementation of Gov. Schemes, survey work and cattle
show etc. 30.00 % LDOs were engaged in tagging of cattle
under INAPH (Information Network for animal
productivity and health), insurance etc. 25.60 % LDO were
taking care of fodder development.20.00 % LDO were
involved in different miscellaneous works such as election
duty, examination duty, swacchataabhiyan, gramsabha
meeting, and farm management. 14.40 % officers were busy
in livestock census.

Table - 1: Responsibilities of Officers

SL Particular Frequency % based on number of
NO respondents

1 Number of Hospital

a One 150 60.00

b Two 23 9.20

c Three 15 6.00

d Four 8 3.20

e Five and above 44 17.60

f Not Reported 10 4.00

2 Number of villages

a 1-5 49 19.60

6-10 63 25.20
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c 11-15 47 18.80
d 16-20 21 8.40
e Above 20 58 23.20
f Not Reported 12 4.80
3 Population of Animals
a <500 50 20.00
b 501-1000 75 30.00
c 1001-2000 24 9.60
d 2001-5000 43 17.20
e 5001-10000 48 19.20
f Not Reported 10 4.00
4 Responsibilities other than related to livestock

health
a Fodder development 64 25.60
b Extension work, implementation of Govt 142 56.80
Scheme,survey, cattle show
c Al, Supply of semen & liquid nitrogen 27 10.80
d Livestock census 36 14.40
e INAPH tagging of cattle, insurance 75 30.00
f Miscelleneous  activitieseg.  election  duty, 50 20.00
examination duty, swacchata abhiyan, gramsabha
meeting, farm management etc.
Training 18 7.20
Castration 6 2.40
i Distribution of chick, egg 3 1.20

The most common disease condition reported by
LDOs was digestive disorder (Table — 2 A) followed by
reproductive disorder and metabolic diseases. The
reproductive disease was second most important which was
due to mineral and vitamin deficiency. Parasitic and
infectious diseases stood IV th and V th rank. It was
observed from Table — 2B that 72.40 % LDO visited
farmer’s house as and when farmers called. Moreover,
69.60 % LDO informed that they visited villages for the
treatment of livestock very often. When LDOs were asked
about the diagnostic methods, it was reported that 58.80 %

LDOs diagnosed cases by clinical examination and 39.60 %
by clinical examination & laboratory test both. In case of
visit of LDO to farmer, 83.20 % LDO informed that
response of farmers to their visit was favourable. 86.80 %
LDO reported that they organize animal health camp
quarterly. Table— 2C indicated stock of medicine in the
dispensary. Most of the livestock development officers
informed about sufficient stock of vaccine (82.00 %),
antibiotic (60.00 %), anthelmentis and analgesics (63.60
%), but 42.00 % LDO reported scarcity of vitamin and
mineral mixture.

Table — 2A: Common disease conditions:-

SL No  Particular Mean Ranking
a Infectious 3.00 \Y
b Parasitic 2.99 v
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c Metabolic 2.89 1l

d Digestive 2.34 |
Reproductive 2.83 1

f Others 4.93 VI

Table — 2B: Information on visit of LDO to farmer’s house, disease diagnosis and health camp organisation

SL No Particular N.O. % of
respondents respondents

1. When will you visit a farmer /

village?
a As and when farmer calls 181 72.40
b Periodically for regular health check 66 26.40
c As per directive of the superior 26 10.40
d Any other 20 8.00
2. How often you visit a village for

treatment?
a Very Often (every day / alternate day) 174 69.60
b Often (weekly / fortnightly) 45 18.00
c Sometimes (monthly / two months) 14 5.60
d Rarely 14 5.60

Not reported 3 1.20
3 How will you diagnose a clinical

case?
a Clinical examination 147 58.80
b Laboratory test 17 6.80
c Both 99 39.60
d Others 2 0.80
4 How Often organise animal health

camp?
a Quarterly 217 86.80
b Half Yearly 10 4.00
c Yearly 6 2.40
d Rarely 7 2.80

Not reported 10 4.00
5 Response of farmer for your visit
a Favourable 208 83.20
b Not so favourable 27 10.80
c Unfavourable 1 0.40

Not reported 14 5.60
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Table — 2 C: Availability of vaccine and medicine in the hospital

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

SL Particular Yes No Not Reported
No N-Oresp—oofresp—N-Oresp %oof resp. N.O. resp %oof resp.
a. Vaccime 205 82.00 17 28 11.20

b. Antibiotic 150 60.00 52 48 19.20
¢. Analgesics 159 63.60 49 42 16.80
d. Anthelmentics 159 63.60 50 41 16.40
e. Min. & Vit. 97 38.80 105 42.00 48 19.20

In respect of disease outbreak / occurrence of
diseases during past few years, LDO reported outbreak /
occurrence of 22 diseases in livestock and poultry (Table —
3). 28.00 % respondent informed occurrence of Foot and
Mouth Disease (FMD) in cattle, followed by PPR (Pesti des
Petits Ruminitis) in goat (24.80 %) and Hemorrhagic
Septicemias (HS) in cattle (14.40%). In the present study no
outbreak of anthrax and swine fever was reported. 50.80 %
LDO informed that they would able to know about outbreak
of disease through farmer and 52.80 % reported through

routine visit of field. Most frequently collected material for
outbreak investigation by the officers was faecal samples
(70.00 %), followed by blood (68.80 %) and urine
(20.40%). Majority of the officers (about 53%) reported that
they generally get lab test results within 2 weeks. On query
about the reporting system of the outbreaks, the officers
responded that they report to higher authorities in the
department about the occurrence outbreak. Finally almost
all LDO (90.80 %) informed that they undertook follow up
visit of outbreak area.

Table - 3: Disease surveillance and monitoring:-

SL Particular Frequency % based on number of
No respondents
1 Disease Outbreak

a Foot and Mouth Disease 70 28.00

b Haemorrhagic Septicemia 36 14.40

c Black Quarter 35 14.00

d Trypanosomiasis 4 1.60

e Thilereosis 4 1.60

f Babesiosis 3 1.20

g Three Days Sickness 2 0.80

h Tick Fever 2 0.80

i Brucellosis 1 0.40

j Glanders 1 0.40

k Poisoning 4 1.60

| Rabies 1 0.40

m Pesti des Petits Ruminants 62 24.80

n Enterotoxemia 12 4.80

0 Contagious Ecthyma 2 0.80

Goat Pox 4 1.60
q Sheep Pox 5 2.00
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r Blue Tongue 1 0.40
S Contagious Caprine Pleuro Pneumonia 2 0.80
t Botulism 5 2.00
u Ranikhet Disease 9 3.60
% Fowl Pox 5 2.00
2 How will you come to know about disease outbreak?
a Through farmer 127 50.80
b Through livestock supervisor 34 13.60
c Through superior 4 1.60
d Through routine visit 132 52.80
3 What samples you generally collect for testing?
a Fecal 175 70.00
b Blood 172 68.80
c Urine 51 20.40
d Tissue 37 14.80
e Any other 12 4.80
4 How much time it will take to get test report?
a <1ld 19 7.60
b 2-3d 41 16.40
c 4-7d 30 12.00
d 1-2w 43 17.20
e >2wW 78 31.20
Not Reported 39 15.60
5 To whom you report the occurrence of infectious
diseases?
a Higher authority 39 15.60
b  LDO (E) 21 8.40
o ACAH 48 19.20
d DAHO 82 32.80
DCAH 12 4.80
f RJCAH / JCAH 32 12.80
g Dean, Veterinary College 1 0.40
Not Reported 15 6.00
6 Do you undertake follow up visit?
a Yes 227 90.80
b No 8 3.20
Not Reported 15 6.00
The results of Table — 4 A revealed that FMD vaccination by HS (93.20 %) and BQ vaccination (92.00 %). In goat
was done by 97.20 % officers regularly, which was followed 91.60 % officers reported about PPR vaccination and 86.40
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% reported about ET vaccination. Respondent per cent in
case of other vaccines were poor. The vaccination frequency
followed by officers for different diseases is depicted in
Table — 4B, which indicates that officers, in majority of the
cases, were following optimum vaccination schedule. It was
observed from Table — 4 (C) that 66.80 % LDO reported
storing and transportation of vaccine was done in
refrigerator. However, ice pack and cool box were also used
by 40.80 % and 38.00 % respondents respectively. Although

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

majority of the officers (61.60 %) have not reported the
occurrence of the disease after vaccination, 35.60 %
respondents reported vaccine failure in the field condition
in their opinions. Cause of vaccine failure was reported to
be improper storage and transportation (17.20 %) which
means poor maintenance of cooling chain from vaccine
production to vaccine delivery to animals for immunization.
Second cause of vaccine failure was untimely vaccination
(10.80 %).

Table - 4 A: Vaccination of animals undertaken by the LDO:-

SL No Particular Frequency % based on number of
respondents
a Foot & Mouth Disease (FMD) 243 97.20
b Haemmorhegic Septicemia (HS) 233 93.20
c Black Quarter (BQ) 230 92.00
d Peti des Pestis Ruminitis (PPR) 229 91.60
e Enterotoxemis (ET) 216 86.40
f Ranikhet Disease (RD) 39 15.60
g Fowl Pox (FP) 28 11.20
h Brucellosis (BR) 14 5.60
i Rabies (AR) 10 4.00
j Gumbro disease (GD) 1 0.40
k Sheep Pox (SP) 1 0.40
Table - 3 B: Vaccination scheduled of animals adopted by the LDOs:-
SL No Particular Vaccination Schedule Frequency % based on number of
respondents
a FMD Once / year 7 2.80
Twice / year 169 67.60
As per supply 1 0.40
b HS Oncelyear 183 73.20
Twice/year 15 6.00
As per supply 2 0.80
c BQ Oncelyear 189 75.60
Twicelyear 13 5.20
As per supply 2 0.80
d PPR Oncelyear 96 38.40
Once/ 2 years 11 4.40
Once/ 3 years 63 25.20
As per supply 4 1.60
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e ET Once / year 136 54.40
Twice / year 33 13.20

As per supply 3 1.20

f RD Once / year 2 0.80
Twicelyear 1 0.40

As per supply 3 1.20

g FP As per supply 1 0.40

Table - 3 C: Vaccination storage, transport & failure:-

SL No Particular

Frequency % based on number of respondents

3 How do you store & transport vaccine
a Refrigerator 167 66.80
b Cool Box 95 38.00
c Ice Pack 102 40.80
d Ice Box 37 14.80
e Any Other 3 1.20
4 Did you come across vaccine failure?
a Yes 89 35.60
b No 154 61.60
Not reported 7 2.80
5 If yes, what do you feel the cause of vaccine failure?
a Poor quality vaccine 21 8.40
b Improper storage and transportation 43 17.20
c Untimely vaccination 27 10.80
d Any Other 19 7.60
Not reported 140 56.00

The results of the queries related to control of the
parasitic diseases in animals are presented in Table 5.
Among different methods of controlling external parasites,
spraying was the most common (80.80 %) method used by
field officers, which was followed by parenteral
administration of medicine (51.20 %) and oral
administration (32.00 %). The officials would arrange
treatment by organization of animal health camp (58.80 %)
followed by door to door visit of farmer (46.80 %).
Frequency of applying acaricide was once / three months as
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reported by 47.20 % respondents followed by once / month
(21.60 %). 47.60 % LDO reported the sufficient availability
of acaricide in the dispensary while, 33.20 % reported
insufficient availability. Regarding the control of internal
parasites, majority of the officers (73.20 %) reported that
they did deworming once in three months, whereas 16.80 %
LDO performed deworming once / six months. 67.20 %
respondents informed sufficient availability of anthelmentic
in the dispensary. However, 27.20 % reported insufficient
availability of anthelmentics (Table —5).
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Table - 5: Control of Parasitic diseases:-

SL NO Particular Frequency %o based on number of respondents
1 Methods used for control of external parasite
a Spraying 202 80.80
b Diping 42 16.80
c Oral administration 80 32.00
d Parentral administration 128 51.20
e Any Other 2 0.80
2 How do you generally organize treatment
a Organization of camp 147 58.80
b Door to door visit 117 46.80
c Ask the owner of animal to spray acaricide 75 30.00
d Through livestock supervisor 14 5.60
e Any Other 1 0.40
3 How often do you advice to spray acaricide
a Once every month 54 21.60
b Once in three months 118 47.20
c Once in six months 35 14.00
d Once in a year 8 3.20
e Rarely 9 3.60
Not reported 26 10.40
4 Do you have ready availability of acaricide ?
a Sufficient 119 47.60
b Insufficient 83 33.20
c Not present 28 11.20
Not reported 20 8.00
5 How often do you advice for deworming ?
a Once every month 20 8.00
b Once in three months 183 73.20
c Once in six months 42 16.80
d Once in a year 4 1.60
e Rarely 1 0.40
6 Do you have ready availability of anthelmentics ?
a Sufficient 168 67.20
b Insufficient 68 27.20
c Not present 9 3.60
Not reported 5 2.00

Part 6 of the questionnaire was related to the queries on production/reproduction activities and minor surgeries performed
by the officers. The analysis of the results revealed that 94.40 % LDO informed that farmers come regularly to them for advice
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on feeding and breeding of their livestock (Table — 6). Artificial Insemination was preferred over natural service by farmers
for breeding of livestock as reported by 83.60 % respondents. Regarding the availability of semen straw, 91.60 % LDO reported
that they got sufficient quantity of semen straw for Al. Conception rate in Al was reported to be 45.27 %, whereas number of
Al / conception was reported to be 2.85. Easy availability (46.00 %) and better conception rate (43.60 %) were the reasons of
preference of Al by most of the farmers. Majority of LDOs (87.20 %) reported that they performed minor surgical procedures
such as dehorning, castration, branding and hoof trimming. Patteler desmotomy was reported to be performed by 55.20 %
LDO. 90.80 % officers reported to have handled dystocia cases and 56.40 % officials performed caesarian section with the
success rate of 67.13 %.

Table — 6: Animal Production / Animal Reproduction and Minor Surgery undertaken by LDO :-

SL Particular Frequency % based on number of
NO respondents
1 Do the animal owners ask for advice on feeding and
breeding?
a Yes 236 94.40
No 12 4.80
Not Reported 2 0.80
2 Which method is preferred by the farmers for reproduction?
a Natural Service 36 14.40
b Al 209 83.60
Not Reported 5 2.00
3 Do you get enough good quality semen straw for Al ?
a Yes Sufficient 229 91.60
b Insufficient 10 4.00
c No 4 1.60
Not Reported 7 2.80
4 What is the conception rate (%) in Al 45.27
What is the number of Al / conception? 2.85
5 Why do you feel Al is preferred / not preferred by majority
of famers?
a Better conception rate 109 43.60
b Easy availability 115 46.00
c Economical 94 37.60
d Increased milk production 103 41.20
e Any other 2 0.80
Reason of non-preference 6 2.40
a Less conception rate 4 1.60
b Not easily available 1 0.40
c Any other 1 0.40
6 Do you undertake dehorning, castration, branding, hoof
trimming?
a Yes 218 87.20
b No 23 9.20
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Not Reported 9 3.60
7 Do you perform pattelerdesmotomy?
Yes 138 55.20
No 103 41.20
Not Reported 9 3.60
8 Do you handle dystocia case?
a Yes 227 90.80
b No 14 5.60
Not Reported 9 3.60
9 Do you perform caesarian section?
Yes 141 56.40
b No 95 38.00
Not Reported 14 5.60
10 If yes, success rate (%0) 67.13

V. DISCUSSION

Survey of 250 livestock development officers
(LDO) revealed that most of the participants were from
Nagpur district of Maharashtra. It was observed that most
of the LDO were holding charge of one hospital, treating
livestock of 6 — 10 villages with animal population of < 500.
Most of the LDOs were involved in different extension
works such as implementation of Gov. Schemes, survey
work and cattle show etc. besides animal treatment. The
most common disease condition was digestive followed by
reproductive disorder and metabolic diseases. However, it
was reported (2) that the digestive diseases were the major
cause of mortality in cattle in Maharashtra. Lack of proper
hygiene and sanitation in animal shed, lack of balance
feeding, improper housing and feeding management were
the contributing factors for higher digestive disorders. The
cause of lower parasitic and infectious disease was due to
regular deworming and vaccination programme conducted
by LDOs of Maharashtra animal husbandry department.
Most common method of diagnosis of different cases was
by clinical examination. Most of the LDO informed about
sufficient stock of vaccine, anthelmentis, but scarcity of
vitamin and mineral mixture in their respective dispensary.

In respect of occurrence of diseases during past
few years, LDO reported highest incidence of Foot and
Mouth Disease (FMD) in cattle, followed by PPR (Pesti des
Petits Ruminitis) in goat and Hemorrhagic Septicemias
(HS) in cattle. In another study (3), it was revealed that Pesti
des Petits Ruminants in goat was most important infectious
disease in Maharashtra followed by Foot and Mouth
Disease and Blood Protozoan Diseases in cattle & buffalo.
In contradiction to present findings it was reported (4) that
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outbreak of livestock diseases in Maharashtra during 2005
— 16, was highest in Black Quarter (203) followed by
Haemorrhagic Septicaemia (176), Pesti des Petits
Ruminants (137), Swine Fever (36), Sheep and Goat Pox
(33), Foot and Mouth Disease (6), Sheep and Goat Anthrax
(18), Enterotoxaemia (17) and Bovine Anthrax (7). They
also informed that most frequently collected material for
outbreak investigation by the officers was faecal samples.
Finally almost all LDO informed that they undertook follow
up visit of outbreak area. It was also revealed from survey
that in cattle and buffalo FMD vaccination was done
maximum followed by HS and BQ vaccination. In goat PPR
vaccination was done maximum followed by ET
vaccination. Most of the officers reported that storing and
transportation of vaccine was done in refrigerator. Quite a
good number of respondents reported vaccine failure in the
field condition in their opinions and cause of vaccine failure
was reported to be improper storage and transportation.

Among different methods of controlling external
parasites, spraying was the most common method used by
field officers. Frequency of applying acaricide and
deworming against internal parasite was reported mostly to
be once / three months. Most of the officials informed
sufficient availability of acaricide and anthelmentic in the
dispensary. However. scarcity of medicine was also
reported by few LDOs. Most of the respondents reported
that artificial insemination was preferred over natural
service by farmers for breeding of livestock due to easy
availability of semen and better conception rate. Regarding
the availability of semen straw, mostly reported that they
got sufficient quantity of semen straw for Al. Majority of
LDOs reported that they performed minor surgical
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procedures such as dehorning, castration, branding and hoof
trimming etc. and Patteler desmotomy was reported to be
performed by mostly. It was also reported that most of the
LDOs handle dystocia cases and perform caesarian section
with the high success rate.

V. CONCLUSION

Veterinary and animal husbandry services of the
state Governments play a vital role for optimum production
in livestock sector as well as proper disease and health
management of the livestock. The present survey on
veterinary health care delivery system in Maharashtra state
revealed a satisfying performance in terms of disease
control and management measures adopted in the state. It
also highlighted the keenness of the officers to reach out to
the farmers and undertake different activities for the benefit
of the livestock owners. However, there seems to be some
areas for improvement such as inadequate number of LDOs
in certain areas as reflected by officers having the charge of
3 to 5 dispensaries/hospitals and had to cover more area and
large number of animals, which may affect the service
delivery. Further, strengthening of the support system of
laboratories for testing and rapid diagnosis would be of
great help in disease and health care management. Moreover
all the animal health centers / dispensaries should ensure
availability of most of the important medicines, particularly
mineral & vitamin mixture and vaccine for the livestock
owners for maintaining health and production of livestock
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Abstract— This plant has a very large opportunity to be developed on ex-mining land, considering that
this plant is an adaptive non-timber forest product plant that grows and produces naturally without
inoculation (injection) on ex-mining land: limestone, nickel, rocky sand, tin and coal. and added
witharbuscular mycorrhizal fungi (AMF) and liquid organic fertilizer such as Yomari on Aquilaria
malacensis Lamk. AMF is able to increase root growth, root range, so that it can facilitate roots to absorb
water and nutrients throughexternal hyphae and later obtained quality seeds which have many and strong
roots. Yomariliquid organic fertilizer has high organic and nutrient content, can increase soil organisms
and improve soil pH and. This study aimed to obtain the best interaction between the doseof AMF and the
concentration of Yomari liquid organic fertilizer on the growth of Aquilaria malacensis Lamk seedlings. in
the ex-limestone mine soil, the best dose of AMFwas obtained on the growth of Aquilaria malacensis Lamk
seedlings. in limestone ex- mining soil and the best concentration of Yomari organic fertilizer on the
growth of Aquilaria malacensis Lamk. in the former limestone quarry. This research was conducted from
June to November 2022 in the nursery of the Faculty of Agriculture, Andalas University. This study used a
factorial experimental method in a Completely Randomized Design (CRD) with 2 factors, namely the first
factorwas the administration of the AMF dose which consisted of 5 levels: 0.0 grams (C0); 15 grams (C2);
30 grams (C3) and 45 grams (C4) and the second factor concentration of Yomari organic fertilizer
consisted of 5 levels: 0.00 ppm (Y0); 25.00 ppm (Y1); 50.00 (Y2); 75.00 ppm (Y3) and 100.00 ppm (Y4),
each treatment level consisted of 4 replications. Observational data in the form of qualitative and
quantitative data were analyzed using the F-test at a significance level of 5%. The different effects on the
treatmentwere analyzed by further test of LSD at 5% level. Observations were made including: percentage
of live seedlings, increase in seedling height, increase in number of leaves, widest leaf width, root weight,
and percentage of roots infected by AMF on lime-mined soil media. There is an interaction between the dose
of AMF and the concentration of liquidorganic fertilizer on the growth of agarwood-producing plant seeds
(Aquilaria malacensisLamk.)) on the ex-limestone mining soil. Giving a dose of AMF 45 grams with a
concentration of 100 ppm liquid organic fertilizer was the best in increasing the percentage of life,
increasing the number leaves, increase in plant seed height, widest leaf width, percentage of agarwood-

producing plant seeds infected with AMF.

Keywords— Seedlings, agarwood, Yomari liquid organic fertilizer, AMF, limestonemining soil
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l. INTRODUCTION

Limestone is a solid rock that contains a lot of
calcium carbonate (Lukmanet al., 2012 and Sucipto et al.,
2007). Calcium carbonate is an inorganic mineral that is
known to be commercially available cheaply. Physical
properties of calcium carbonate such as morphology,
phase, size, and size distribution must be modified
according to the field of application (Kirboga and Oner,
2013; Lailiyah et al., 2012). Ex-lime mining land at PT.
Holcim Indonesia Tbk West Java, precisely in the
Cirebon area, obtained the results of chemical analysis of
lime soil including the pH value of H20 8.4, KCL 7.8
while organic matter C was 0.98%, N 0.7% and C/N14%
and for available P it was obtained at 25 ppm (Wildasari,
2016 and Wahdi, 2016).

Rehabilitation activities of ex-lime mining land
generally require quality seeds, however, the seedlings die
in large numbers after being planted in the field because
the availability of nutrients and water is not met for
growth and development, as a result of the plant roots
being few, shallow, not strong and damaged (Sari, 2018
and Kimi, Sutoyo and Satria, 2021). This root problem can
be overcome by using liquid organic fertilizers such as
Yomari fertilizer and Arbusculamycorrhizal fungi (AMF)
at a certain dose.

Yomari liquid organic fertilizer is a fertilizer
that functions to increase the development of soil
organisms, increases soil pH and stimulates vegetative
growthof plants, plays a role in the formation of leaf
green matter and stimulates plantroots to become more
abundant and stronger. Soaking the coffee cuttings in 1
ml/lof Yomari liquid organic fertilizer and spraying the
cuttings 3 times at a dose of 1ml/l within 10 days will
produce many cutting shoots, have many roots with strong
roots (Satria et al, 2021). The presence
of AMF can increase the availability of nutrients,
especially Phosphate (P) which is very low in the soil of
ex-lime mining, improve soil structure, increase water
absorption and protect plants from rootpathogens and
toxic elements. Inoculation of 40 grams of AMF on
ultisols and inplanting media from limestone ex-mining
soil can increase the growth of

plant seeds Aquilaria malacensis Lamk .) and Satria,
Fadli, Herawati and Aprisal,2021).

This plant has a very large opportunity to be
developed on ex-mining land, considering that this plant
includes adaptive non-timber forest products that grow
and produce naturally on ex-mining land: nickel, rocky
sand, tin and coal (Sari, 201and Kimi et al. al, 2021). In
connection with the explanation above, the researchers
have conducted a study entitled "The Effect of Dosage of
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AMF (Fungi) and Yomary Liquid Organic Fertilizer
Concentration on the Growth of Agarwood-Producing
Plant Seeds (Aquilaria malacensis Lamk.)) on Ex-
Limestone Mining Soil"".

This research was conducted to answer some of
the problems formulated inthe following questions: 1. Is
there an interaction between the dose of AMF and the
concentration of Yomari organic fertilizer on the growth
of gaharu-producing plant seeds (Aquilaria malacensis
Lamk.) in the former lime-mining soil? 2. What is the
effect of the dose of AMF? on the growth of these
seedlings in the former limestonequarry soil? And 3. How
is the effect of Yomari organic fertilizer concentration on
the growth of the seeds in the former lime-mining soil?

The specific objectives of this research are: 1. To
obtain the best interaction between the dose of AMF and
the concentration of Yomari organic fertilizer on the
growth of gaharu-producing plant seeds (Aquilaria
malacensis Lamk.) in the former limestone quarry; 2.
Obtaining the best dose of AMF for the growth of these
seedlings in the former lime-mining soil; 3. Obtaining
the best concentration of

Yomari organic fertilizer on the growth of these seeds in
the former lime-miningsoil.

This research can provide information about the
seeds of gaharu-producing plants (Aquilaria malacensis
Lamk.) which are able to associate well with the dose of
AMF and Yomari organic fertilizer concentration and are
compatible to be planted on ex-lime mining land.

The results of this study are expected to
contribute to the developmentof plant science, especially
plant breeding. These contributions include: Providing
information on the standard method of AMF Dosage and
concentration of Yomari Liquid Organic Fertilizer and
Types of AMF) on the Growth of Agarwood- Producing
Plant Seeds (Aquilaria malacensis Lamk.)in Ex-Limestone
Mining Soils Provide a positive contribution to the
development of plant cultivation science and
technology gaharu (Aquilaria malacensis) and become a
reference in adaptability and germplasm preservation.

1. METHODS

The research was conducted in the experimental
garden of the Faculty of Agriculture, Andalas University.
The research is planned for 8 months starting in June
2022 until November 2022.

The tools used in this research are hoe, bucket,
polybag, scissors, hotplate, ruler, digital, meter,
stationery, tweezers, scissors, cover glass, hose, tea filter,
object glass, camera, and microscope. The materials used
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were gaharu-producing plant seeds of Aquilaria
malaccensis Lamk species, limestone ex-mining soil,
ultisol, compost, Yomari liquid organic fertilizer,
Arbuscula mycorrhizal fungi ( Acaulospora sp.,
Gigaspora sp., and a mixture of Acaulospora sp. and
Gigaspora sp.), NPK fertilizer, Aquadest, KOH 10%,
HCL 2%, Trypan blue which is useful for root coloring,
as well as clean water.

This study used a factorial experimental method in a
Completely Randomized Design (CRD) with 2 factors,
namely the first factor was the administration of the AMF
dose which consisted of 5 levels: 0.0 grams (C0); 15
grams (C2); 30 grams (C3) and 45 grams (C4) and the
second factor concentration of Yomari organic fertilizer
consisted of 5 levels: 0.00 ppm (Y0); 25.00 ppm (Y1);
50.00 (Y2); 75.00ppm (Y3) and 100.00 ppm (Y4), each
treatment level consisted of 4 replications. Observational
data in the form of qualitative and quantitative data were
analyzed using the F-test at a significance level of 5%.
The different effects on the treatmentwere analyzed by
further test of BNT at 5% level.

The seedlings of agarwood plant species Aquilaria
malaccensis Lamk came from the Gaharu Kanagarian
farmer group Muaro Linggae, Sijunjung Regency. The
seeds were prepared in each polybag measuring 8 cm X 9
cm and when the researchwas going to be carried out, the
plants were transferred to polybags measuring 12 cm X
17 cm. Seedlings with seed criteria were not attacked by
pests and diseases, had a height ranging from 5- 15 cm
with 2-5 leaves. The soil used is the former limestone
mining soil of PT Semen Padang mixed with Ultisol
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obtained from the experimental garden area of the Faculty
of Agriculture, Andalas University. The soil is treated
evenly and the planting media is put into a polybag
measuring 12 cmx 17 cm.

The doses of AMF used included: 0 grams/polibag,
15 grams/polibaq, 30 grams/polibag and 45 grams/polibag
with multispora AMF types (a mixture of Acaulospora sp
and Gigaspora sp) to plants by sprinkling them in the
planting holesand thenseedlings, then covered again with
soil in the polybag . Furthermore, seedlings aged 4 and 8
weeks after planting were watered with Yomari liquid
organic fertilizer concentration according to treatment.
Observations included: percentage of viable seedlings,
number of leaves, increase in seedling height, widest leaf
width, weight of seedling roots and percentage of plant
roots infected with AMF.

1. RESULTS AND DISCUSSIONS
A. Persentase Hidup Bibit Tanaman Pnghasil Gaharu

The results of the analysis of variance showed
that there was an interaction between the AMF treatment
and LOF treatment on the percentage of live seedlings
(Appendix 4 and Table 1). The best response was found at
a dose of 45 g of AMF with a concentration of 100 ppm
LOF which showed a significant difference with other
treatments at the age of 3 months after planting (DAT).
This is because the higher the dose of AMF and the
higher the concentration of LOF given to agarwood-
producing plants, the higher the percentage of live
agarwood seedlings.

Table 1. Percentage of Life of Agarwood-Producing Plant Seeds due to AMF and LOFtreatment at 3 months of age

age - Concentration LOF (ppm)

0 25 50 75 100

0 55.00 aD 60.00 bCD 65.00 c 67.50cAB 7250 dA

BC

15 50.00 a 62.50 b 70.00 bc 75.00 b 82.50 ¢
D C B B A

30 52.50 a 65.00 ab 7250 b 80.00 b 92.50 b
E D C B A

45 55.00 a 70.00 a 8250a 87.50 a 100.00 a
D C B B A

CV =6.24%

Note: The numbers followed by the same uppercase letter in the same row and the numbers followedby the same lowercase
letter in the same column are not significantly different according to theLSD
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That can increase economic value. The existence
of AMF that has been inoculated into the agarwoodseedling
media, makes the agarwood seeds have high economic
value and better productivity. This is, in accordance with
the opinion of Kimi et al,. 2020 that AMF can help plant
growth, increase crop productivity and quality through
increasing theavailability and absorption of nutrients in the
soil, especially plants grown on less fertile lands such as
infertile lands such as ex-lime mining lands. Mosse et al.
(1981)also added that the seedling phase is a phase that is
highly dependent on mycorrhizae, plants associated with
ACM can adapt better to critical lands that have limited
nutrient conditions.

Yomari liquid organic fertilizer is a fertilizer that
functions to increase soil organisms, increase soil pH and
stimulate plant vegetative growth, helps formation of cell
division albumin for leaves, fruit, flower seeds and plays a
role in the formation of leaf green matter and improvement
of plant nutrients to stimulate plantroots to grow. more and
stronger. This fertilizer contains several nutrients needed
by plants and has aftif ingredients. The composition of

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

nutrients contained in this fertilizer includes: Methyl Purine
is a substance that can make plants resistant to all weather,
Potassium 2,4 Dinitrophenol is a substance that synthesizes
amino acids and proteins that make plants grow optimally,
Potassium 5 Nitroguailacol and Potassium Paranitrophenol.
Besides, this fertilizer contains organic C, organic N,
elements P, K, Fe, MN, Zn and (Satria et al, 2021)

B. Increase in the number of leaves of agarwood-
producing plant seeds

The results of the analysis of variance showed
that there was an interaction between AMF treatment and
LOF treatment on the increase in the number of leavesof
agarwood-producing plant seeds (Appendix 4 and Table
2). The best response was found at a dose of 45 g of AMF
with a concentration of 100 ppm LOF which showed a
significant difference with other treatments at the age of 3
months after planting (DAT). This was because the higher
the dose of AMF and the higher the concentration of LOF
given to agarwood-producing plants, the higher the
number of leaves of agarwood-producing plant seeds
increased.

Table 2. Increase in the number of leaves of agarwood-producing plant seedsdue to AMF and LOF treatment at the age of 3
months of seedlings

Dosage AMF (g) Concentration LOF (ppm)
0 25 50 75 100
__________________________________________________________________________________ helai ..
0 7.75aC 8.25hbC 9.25bB 9.50 bAB 10.25 bA
15 7.75aD 8.75 abC 9.50 bBC 9.75bB 10.75 bA
30 7.25aC 9.25aB 9.75 abB 10.00 bB 11.00 bA
45 7.50a 9.50 a 10.50 a 11.25a 1250 a
D C B B A
CV =5.6%

The percentage of live seeds is influenced by
various biotic and abiotic factors. Biotic factors such as
seed quality, plant seeds used from both species camefrom
healthy seeds. The characteristics of healthy plants are that
they have green leaves and stems, the seeds are not
diseased, the stems are straight, which is in accordance
with the Indonesian national standard (SNI) 01-5006.1-
2006 regardingseed quality which states that healthy seeds
are fresh seeds. that are not attacked bypests and diseases,
and do not show symptoms of nutrient deficiency (stems are
notstraight and pale yellow in color).

The high percentage value of live seedlings
Aquilaria malacensis seedlings had the best growth
response to the AMF dose treatment with the highest LOF
concentration.
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Thewhich has a good impact, and can produce
productsNote: The numbers followed by the same
uppercase letter in the same row and the numbers followed
by the same lowercase letter in the same column are not
significantly different according to theLSD

This is because the higher the dose of LOF given
and the higher the dose of AMF given to agarwood-
producing plants, the higher the number of leaves of
agarwood-producing plant seeds. LOF contains optimum
nutrients for plant D.growth heterophyllum (Satria and
Raesi, 2021).

C. Agarwood-producing Plant Seed Height Increase

The results of the analysis of variance showed that
there was an interaction between AMF treatment and LOF
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treatment on the increase in agarwood-producingplant seed
height (Appendix 4 and Table 3). The best response was
shown in the 459 AMF treatment with 100 ppm LOF

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

treatment, which was significantly different from the other
treatments at 3 months after planting (DAT).

Table 3. Plant Seed Height Increase due to AMF and LOF treatment atseedling age of 3 months

Dosage AMF _____ Concentration LOF (ppm)
(@) 0 25 50 75 100
_______________________________________________________________________________ CM
0 7.1250 cD 7.8750 dC 8.0625 dBC 8.4375 dB 8.6875 dA
15 7.8125 bD 8.3750 cC 8.5000 cB 9.5000 cB 10.6250 cA
30 8.2500 aE 9.5000 bD 10.8125 bC 11.8750 bB 12.5000 bA
45 8.4375 aE 10.3125 aD 11.5625 aC 12.9375 aB 14.4375 aA

Note: The numbers followed by the same uppercase letter in the same row and the numbers followed by the same lowercase
letter in the same column are not significantly differentaccording to the LSD test

This is because this is because the higher the dose
of LOF given and the higher the dose of AMF given to
agarwood-producing plants, the higher the growth of
agarwood-producing plant seeds. In addition, this plant is
able to utilize N2 in the air, and the organic matter
produced by this plant is rich in N nutrients (Kimi etal.,
2020).

D. Widest Leaf Width of Agarwood Seedlings

The results of the analysis of variance showed
that there was an interactionbetween AMF treatment and
LOF treatment on the widest leaf width of agarwood-
producing plant seeds (Appendix 4 and Table 3). The best
response was shown in the 45 g AMF treatment with 100
ppm LOF treatment, which was significantly different
from the other treatments at 3 months after planting
(DAT).

Table 4. Widest Leaf Width of Agarwood-Producing Plant Seeds due to AMFand LOF treatment at 3 months of seedling

Dosage AMF _____ Concentration LOF (ppm)
(9) 0 25 50 75 100
__________________________________________________________________________________ CM._
0 2.0250 bD 2.1350 cCD 2.2750 cBC 2.3925 cB 2.5975 cA
15 2.1100 bC 2.3550 hB 2.4250 bcB 2.4725cB 2.6950 cA
30 2.3675aC 2.4100 bC 2.5400 bC 2.8125 bB 3.4825 bA
45 2.4500 a 2.6500 a 2.8425a 3.5400 a 4.3550 a
E D C B A
KK =5.11%

Note: The numbers followed by the same uppercase letter in the same row and the numbers followedby the same lowercase
letter in the same column are not significantly different according to theBNT test

This is because the higher the dose of POC given
and the higher the dose of AMF given to the producing
plant, the wider the width of the widest leaf of agarwood-
producing plant seeds. In addition, this plant is able to
utilize N2 in the air, and the organic matter produced by
this plant is rich in N nutrients (Kimi et al.,2020).
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E. Root Weight of Agarwood Seedlings

The results of the analysis of variance showed
that there was an interaction between AMF treatment and
POC treatment on root weight of agarwood-producing
plant seeds (Appendix 4 and Table 3). The best response
was shown in the 45 g AMF treatment with 100 ppm POC
treatment, which was significantly different from the
other treatments at 3 months after planting (DAT).
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Table 5. Root Weight of Agarwood-Producing Plant Seeds due to AMF andPOC treatment at 3 months of seedling age

Dosage AMF Concentration LOF (ppm)
) 0 25 50 75 100
g
0 11.3000 cC 12.3175 bB 12.9925¢cB  13.1600 cAB  13.8675cA
15 12.2325bC  13.0750 bBC  13.5550 cAB 13.7150 cAB  13.9900 cA
30 13.0275 bD 14.1000 aC 15.1225 bB 15.8875 bB 17.2300 bA
45 14.3925 a 14.8600 a 16.8500 a 17.5800 a 20.6975 a
Cc C B B A
CV=412%

Note: The numbers followed by the same uppercase letter in the same row and the numbers followed by the same lowercase

letter in the same column are not significantly different according to theLSD test at the 5% level.

This is because the higher the dose of AMF given
and the higher the concentrationof LOF given to agarwood-
producing plants, the higher the root weight of agarwood-
producing plant seeds, nitrogen is needed for the formation
and growth of vegetative plantparts such as leaves, stems
and roots. Meanwhile, phosphorus can help increase plant
growth, produce chlorophyll, increase protein levels and
accelerate leaf growth (Satria et al., 2021).

F. Percentage of Roots of Agarwood-Producing Plant
Seedlings infected with AMF

The results of the analysis of variance showed that
there was an interactionbetween AMF treatment and LOF
treatment on the widest leaf width of agarwood-producing

plant seeds (Appendix 4 and Table 3). The best response
was shown in the 45 g AMF treatment with 100 ppm LOF
treatment, which was significantly different from the other
treatments at 3 months after planting (DAT).

This could be due to the fact that mycorrhizal
fungi with a dose of AMF and LOF concentration were
able to develop AMF on a planting medium which was
dominated by sandy soil and had larger soil pores
compared to clay soil and this condition was thought to be
suitable for the development of AMF spores whichtend to
larger and capable of infecting plant roots (Asmarahman,
2018).

Table 6. Percentage of Roots of Agarwood-Producing Plant Seedlings infectedwith AMF due to AMF and LOF treatment at
3 months of age

Dosage AMF(g) Concentration LOF (ppm)
0 25 50 75 100
%
0 0.0000 aA 0.0000 aA 0.0000 aA 0.0000 aA 0.0000 aA
15 32.7500 bE 34.5000 bD 36.2500 bC 38.2500 bB 44.2500 bA
30 36.0000 bE 43.5000 cD 46.5000 cC 51.5000 cB 58.0000 cA
45 57.5000 ¢ 62.5000 d 65.7500 d 85.7500 d 94.5000 d
E D C B A
CV =1.85%

Note: The numbers followed by the same uppercase letter in the same row and the numbers followedby the same lowercase

letter in the same column are not significantly different according to the LSD test

According to Brundrett (1996) mycorrhizae is a form of
mutualistic symbiotic relationship between fungi and plant
roots, both symbionts benefit. AMF includes obligate
symbionts, which means that AMF can work after
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infecting the host plant. AMF is able to infect the root
system of the host plant which can be seenin Figure 4, then
it will produce an intensive network of hyphae so that
mycorrhizal plants are able to increase their capacity to
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absorb nutrients from LOF and water.

Fig.4. The shape of the roots infected by AMF as seen from
themicroscope with 400X magnification

The additional colonization of AMF begins with the
formation of an appresorium. Appresorium is an important
structure that is in the AMF life cycle, is a key event for
successful interaction with potential host plants, then the
contactphase will be followed by a symbiotic phase. Since
that phase, fungi complete the complex morphological
process by producing intercellular and intracellular hyphae,
vesicles, and arbuscules, the main structures of AMF are
arbuscules, vesicles, external hyphae, and spores (Dewi,
2007). The opinion of Sufaati et al. (2011) arbuscula is a
hyphal structure derived from branching hyphae in the
cortical cells of the root of the host plant, the shape of the
arbuscule resembles a small treethat functions as a place for
the exchange of primary metabolites (especially glucoseand
phosphorus) between fungi and plant roots. The distribution
of external hyphaeis influenced by biotic and abiotic factors
such as chemical properties, soil physics, organic matter,
microflora and microfauna around the soil as a planting
medium (Trisilawati et al., 2012).

V. CONCLUSIONS

Based on the results of research on the effect of
giving doses of AMF and yomari liquid organic fertilizer
on the growth of agarwood-producing plant seeds
(Aquilaria malacensis Lamk.)) on limestone ex-mining
soils, it can be concluded that: 1. There is an interaction
between the dose of AMF and the concentration of liquid
organic fertilizer on the growth of agarwood-producing
plant seedlings (Aquilaria malacensis Lamk.)) on the ex-
lime mining soil, and 2. Administration of 45 grams of
AMF with a concentration of 100 ppm liquid organic
fertilizer is the best in increasing the percentage of life. ,
increase in number of leaves, increase inplant seed height,
widest leaf width, percentage of agarwood-producing
plant seedsinfected with AMF.
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Abstract—A very significant development in the global airport industry in recent times has been the introduction
and use of green renewable energy systems, such as solar and wind powered hybrid systems. Airports are very
energy intensive and have a significant carbon footprint. Thus, the use of renewable green energy is enabling
airports to reduce their carbon footprint thereby mitigating their environmental impact. Using an in-depth
instrumental case study research design, this study has examined the use of renewable green energy systems by
Delhi’s Indira Gandhi Airport and Mumbai’s Chhatrapati Shivaji Maharaj International Airport. The case study
revealed that Chhatrapati Shivaji Maharaj International Airport has entirely switched to green sources for its
energy consumption needs, thereby making it one of India’s 100 per cent sustainable airports. In April 2022,
Mumbai Airport enhanced its usage of green energy when it deployed a 10Kwp Hybrid SolarMill consisting of
2Kwp TurboMill (three Savonious vertical axis type wind turbine (VAWT) and 8Kwp Solar PV modules. The new
system has enabled Chhatrapati Shivaji Maharaj International Airport to reduce its carbon footprint as the new
system will reduce its carbon dioxide (CO2) emissions by 120,000 tonnes per year. In 2022, Delhi’s Indira
Gandhi Airport became the first airport in India to be powered entirely by hydro and solar energy sources. This
energy-related measure is one of the airport’s key actions to realize its 2030 objective of being a Net Zero
Carbon Emission Airport. By moving to renewable sources for its energy requirements, the airport is expected to
reduce its carbon footprint by around 200,000 tons of carbon dioxide (CO,) emissions per annum. The use of
green energy sources has helped the airports to mitigate the harmful environmental impact from the use of
fossil-based fuels.

Keywords— Airports, Airport photovoltaic (PV) systems, Airport hybrid renewable energy systems, Carbon
footprint mitigation, Sustainable airport energy management.

I.  INTRODUCTION

Durmaz, 2015). Airports have been considering their

Airports play a vital role in the global air transport
industry. The increase in both passenger and air cargo
traffic has led to an increase of energy requirements. In
response to the growing energy consumption, airports have
introduced a wide range of energy saving procedures
(O’Meara et al., 2020), as part of their sustainability
policies and strategies. Indeed, sustainability is gaining
more importance in the air transportation industry (Ko¢ &
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impact upon the environment and as a result many airports
have sought to green their operations, with the goal of
becoming a green airport (Korba et al., 2022). A "green
airport” is an airport which has a minimal impact on the
environment and is one that endeavors to become a carbon
neutral facility in terms of carbon emissions, with the aim
to ultimately produce zero greenhouse gas emissions
(Gonzéalez-Ruiz et al., 2017). The concept underlying a
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“green airport” is for the airport to create a centre of
sustainable practices (Sumathi et al., 2018). Furthermore,
many airports have increased their focus on energy
efficiency as part of their efforts to reduce their impact on
the environment (Preston, 2015). The increased focus by
airports on their energy efficiency is because airports are
extremely energy intensive (Bujok et al., 2023; de Rubeis
et al., 2016; Ortega Alba & Manana, 2017). Airports are
sites that have high and intense energy consumption
(Akyuz et al, 2019). The improvement in energy
efficiency and environmental performance of buildings is
increasingly viewed as being one of the major priorities for
airports all around the world (Fesanghary et al., 2012). In
recent years, there has been a growing interest in targeting
energy efficiency as a roadmap for carbon mitigation
strategies and measures, limiting energy use, improving
buildings’ energy performance, and reducing energy
consumption for achieving sustainable buildings (Hafez et
al., 2023). One of the most significant trends in the global
airport industry in recent times has been the introduction
and use of green renewable technologies. Many airports
around the world have now installed photovoltaic (PV)
solar systems as a key environmental measure (Baxter,
2022b; Smagulov et al., 2021; Wybo, 2013).

The Indian air transport industry is among the top ten in
the world in terms of its size (Choudhuri et al., 2015). In
recent times, India has emerged as the ninth largest
aviation market globally, with the country now having
more than 120 operational airports. India now has 34
international airports in operation (Thummala & Hiremath,
2022). India’s aviation industry has evolved since the first
flight in 1911. Prior to 1953, there were nine airlines,
including Air India, and Indian Airlines, serving the
market. An important development occurred in 1953, when
the airlines were nationalized and merged into Indian
Airlines. In 1986, private companies were permitted to
operate as air taxis (Choudhuri et al., 2015). In August
2003, Air Deccan commenced operations as India first
low-cost carrier (LCC) (Shukla, 2013). In 2005, GoAir,
Indigo, Kingfisher, Paramount, and SpiceJet launched their
operations (Zhang & Zhang, 2017). The industry witnessed
some consolidation in 2007 when Jet Airways acquired
Sahara, Kingfisher acquired Air Deccan, and Air India
acquired Indian Airlines (Choudhuri et al., 2015; Zhang &
Zhang, 2017). In 2006, the Indian Government approved
the restructuring of Mumbai and Delhi Airports through
public-private partnerships (Zhang & Zhang, 2017).

An important development in India’s airport industry in
recent times has been the increasing use of renewable and
green energy. Nowadays, airports' interest in solar
photovoltaics (PVs) is growing and many Indian based
airports now use photovoltaic (PV) solar systems as one of
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their key energy sources. These systems provide a way to
lower the burden of energy costs and to show
environmental stewardship by airports (Sreenath et al.,
2020a). The solar photovoltaic cells have received special
attention during recent times due to their rapid
renewability consideration, particularly in international
airports because of airport sustainability goals and the high
cost of fossil fuel (Sher et al., 2021). Furthermore, solar
energy is viewed as being one of the most suitable
renewable energy options in India (Kalita et al., 2019).

The objective of this study is to examine the green
renewable technologies implemented by Mumbai
International Airport (Chhatrapati Shivaji Maharaj Airport)
and Delhi International Airport (Indira Gandhi
International Airport). A secondary objective is to examine
the environmental-related benefits that the airports will
achieve from the implementation of the green renewable
technologies. A third objective is to examine the impact
that these new renewable technologies will have on the
airport’s footprint and their goal to become carbon neutral
airports. Airports consume energy, and hence, their carbon
footprint should be considered (Bahadir, 2022).
Chhatrapati Shivaji Maharaj Airport has entirely switched
to green sources for its energy consumption needs, thereby
making it one of India’s 100 per cent sustainable airports
(International Airport Review, 2022; Loreng, 2022). In
2022, Delhi’s Indira Gandhi Airport became the first
airport in India to be powered entirely by hydro and solar
energy sources (Airports Council International, 2022a).
Importantly, both airports are committed to reducing their
carbon dioxide (COz) emissions and maintaining their
Airport Carbon Accreditation (ACA) carbon neutral
certification.

The remainder of the paper is organized as follows: the
literature review is presented in Section 2 and this
establishes the context for the in-depth case study. The
research method used in the study is described in Section
3. The case study is presented in Section 4. The key
findings of the study are presented in Section 5.

II. BACKGROUND
2.1. Energy Usage at Airports

Airports and their key stakeholders require power to
operate their equipment, systems, heating, ventilation, and
air conditioning (HVAC) systems, as well as for the
lighting of their buildings. In addition, airports require
power for their airfield infrastructure, for example, runway
and taxiway lighting. Airport energy usage also includes
the fuel necessary to power ground support equipment
(GSE) (Nam, 2019). The primary areas of energy
consumption at an airport are heating, cooling, lighting,
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and the energy required for operating the airport’s facilities
and systems (Jani¢, 2011; Radomska et al., 2018).
Electrical energy is also used at airports for powering the
aids that are used to facilitate air transport operations, and
for airport buildings, aircraft hangers and other airport
facilities (Kazda et al., 2015). At many airports, crude oil
is often used for producing the fuel used to power the
ground service equipment (GSE) and vehicles that are used
in an airport’s airside and landside areas, especially in the
aircraft ground handling process (Jani¢, 2011). Fuel is also
used for airport’s heating boiler systems and emergency
generators (Ortega Alba & Manana, 2016). The airport
terminal’s heating, ventilation, and air conditioning
(HVAC) systems use the largest amount of energy (Akyiiz
et al., 2017). Fuel is also used for airport’s heating boiler
systems and emergency generators (Ortega Alba &
Manana, 2016). Airports consume large quantities of
electricity (Sreejaya et al.,, 2020). Typically, airport
terminal buildings consume more energy than other
buildings that are located within the airport precinct due to
the terminal building’s functional and operational
characteristics (Yildiz et al., 2022). The airport terminal’s
heating, ventilation, and air conditioning (HVAC) systems
use the largest amount of energy. It has been estimated that
around 70% of the energy consumed in airport terminal
buildings is used for heating, cooling, and air conditioning
purposes. This energy consumption rate is higher in those
countries that have a cold climate (Akylz et al., 2017).
Indeed, airport terminals have a high level of energy
consumption for space heating in cold climate zones (Liu
et al., 2021). Airport terminal buildings also have a high
energy demand due to their cooling demand. This is
especially so in hot arid climates, where airports cool their
terminal buildings to achieve passenger thermal comfort
(Abdallah et al., 2021).

The operation of more efficient heating and cooling
systems and the performance of the building envelope can
result in significant reductions in energy consumption.
This can be achieved without compromising comfort
conditions in the airport terminal buildings (Akytiiz et al.,
2018). To ensure that energy demand can be met when the
needs arise, airports are increasingly focusing on energy-
conservation measures in the design (and operations) of
terminal buildings and infrastructure (Thomas & Hooper,
2013).

2.2. The Factors that Influence an Airport’s Energy
Consumption

An airport’s energy consumption is influenced by a range
of factors, which include:

e The airport’s size.
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e The airport’s architecture (compact, finger
passenger terminals, satellite passenger terminals,
and remote satellite passenger terminals).

e Location and climate.
e  Airport operational hours.
e Insulation level of terminal(s) building(s),

e Heating, ventilation, air conditioning (HVAC)
system.

e  Airport energy actors’ energy usage behavior.
e  Energy management.

e Level of airport maintenance.

e  Capacity of aircraft maintenance facilities.

e Daylight utilization.

e Solar heating.

e  Traffic density.

o Number of passengers handled at the airport.

e Smooth operations of electrical and mechanical
systems (Akyuz et al., 2019, p. 28).

2.3. Airports Growing Use of Solar Photovoltaic (PV)
Systems

Consumption of fossil fuel generated electrical energy can
be reduced substantially through the application of
renewable energy systems in transportation-related
facilities such as airports (Choudhary et al., 2021). The
integration of solar energy systems is now viewed as being
crucial to achieving the global goals for sustainability as
well as the reduction of greenhouse gases and pollutants
emissions, which have an adverse impact upon the
environment (Lykas et al., 2022). Renewable energy has
become an increasingly cost-effective commerce
preference for airports due to technological advancement,
market ripeness, together with the public-sector investment
(Emeara et al., 2021). Photovoltaic power (PV) has now
become the fastest-growing source of renewable
electricity. Renewable electricity sources are anticipated to
play a crucial role in the transition towards a net-zero
emission energy system (Bosmans et al., 2022). A key
environmental-related trend in the global airport industry
in recent times has been the use of renewable energy
sources, such as, photovoltaic (PV) solar systems, by
airports (Figure 1). The use of renewable energy resources
has provided airports with several favorable environmental
related advantages. Green energy produces no greenhouse
gas emissions from the combustion of fossil fuels. As a
result, this reduces some forms of harmful air pollution
(United States Environmental Protection Agency, 2022).
Furthermore, renewable energy systems provide the airport
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with an alternative clean source of power (Kramer, 2010).
An airport normally occupies a large area, has no
obstructions and so there is potential for development of
solar energy within its precinct (Hermawan, 2017). Solar
energy and wind energy can be combined to form Solar-
Wind Hybrid Power System (SWHPS), which will
enhance the qualities and environmental benefits of each
other (Vasant & Pawar, 2017).

Fig.1: Photovoltaic PV Solar System at Denver
International Airport

Photograph Provided Courtesy of Denver International
Airport

3.1. A Brief Overview of Photovoltaic (PV) Solar
Systems and the Key Issues for Airports

Nowadays, there has been an increased interest by airports
in solar photovoltaics (PVs) systems (Sreenath et al.,
2020a). An airport’s carbon footprint can be reduced
through the substitution of the conventional source of
energy with solar PV based power generation (Sukumaran
& Sudhakar, 2017a). This is because the atmospheric
pollution from airport operations can be decreased through
the consumption of renewable energy (RE)-based
electricity generation (Sreenath et al., 2019). Passenger
terminal buildings and car parking lots are ideal locations
for photovoltaic (PV) installation. The future trend towards
the electrification of the aviation and automobile industries
will increase the electricity demand at airports and this
could potentially involve the integration of photovoltaic
(PV) systems with airport infrastructure (Jiang et al.,
2021). Considering this concern as to the adverse impact
of their carbon footprint on the environment, many airports
around the world have installed photovoltaic solar (PV)
systems (Baxter, 2021; Sreenath et al., 2020b, 2021a,
2021b; Sukumaran & Sudhakar, 2017b). The solar
photovoltaic (PV) systems being installed at airports are
normally customized so that they optimize the use of the
selected site (Baxter et al., 2019).
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Solar photovoltaic (PV) systems are customized depending
upon the requirements of the site. There are different
environmental factors at each site. These factors will
influence the type of system required and its level of
performance. PV systems include the following
components:

e The solar resource — the sun is the power source
for all PV systems.

e Photovoltaic cells — when treated with chemical
impurities (this process is referred to as doping),
these thin sections of semi-conductor material
react to sunlight, creating voltage and current.

e Panel or module.

e Array — an array is comprised of multiple panels
wired together in series and in parallel to provide
specified voltages and current (The array is
typically fastened to a mounting structure).

e Battery — a battery can be defined as a direct
current (DC) electrical energy storage device.

e Inverter — the DC-AC inverter converts direct
current (DC) power into alternating power (AC).

e Charge controller — a charge controller regulates,
charges, and maintains battery voltage.

e Electrical load — this includes the appliances and
other devices that use the energy generated by the
PV system.

e Wiring — the PV system wiring includes the wires
that are known as conductors that connect the
system components to complete circuits; and

e Surge protector — this is a device that safeguards
against electrical shock from short circuits and
damaging power fluctuations (Balfour et al.,
2013, pp. 4-5).

Solar systems can be installed either fixed or adjustable to
increase the amount of solar energy (Emeara et al., 2021).
Importantly, there are different environmental factors that
will be applicable for each site. Consequently, these
factors will influence the type of photovoltaic (PV) system
that is required, and they will also impact its level of
performance. Photovoltaic (PV) systems are comprised of
the solar resource, photovoltaic cells, panel or module,
array, battery, inverter, charge controller, electrical load —
this includes the appliances and other devices that use the
energy generated by the PV system, wiring and the surge
protector — this is a device that safeguards against
electrical shock from short circuits and damaging power
fluctuations. The photovoltaic (PV) system wiring includes
the wires that are known as conductors that connect the
system components to complete circuits (Balfour et al.,
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2013). Quite often photovoltaic solar systems are
collective in nature, that is, they are centralized systems
that provide electricity to a group of users. These users
include commercial customers (Bhattacharyya, 2015).

However, there are several key issues that airport’s need
to be cognizant of when considering the installation and
use of a photovoltaic (PV) solar system (Baxter et al.,
2019). Solar photovoltaic (PV) systems are required to be
installed at a sufficient distance from the airport’s
runway(s) and these systems should adhere to all relevant
safety and fire measures applicable at the airport (Kandt &
Romero, 2014). If inappropriately located at the airport,
then there is a risk that the solar photovoltaic (PV) systems
at airports can impact pilots, air-traffic controllers, aircraft,
and air navigation systems due to the glare reflection
(Mostafa et al., 2016). The solar system could cause either
glint or glare, or possibly a combination both. This could
potentially result in a brief loss vision, which would be an
important safety concern for aircraft pilots (Anurag et al.,
2017). Consequently, glare due to the reflection of sunlight
from the metal parts of a solar PV panel could potentially
provide a risk that may result in an adverse impact on
aviation safety (Mostafa et al., 2016). There are several
measures that an airport can use to mitigate the glare from
their solar system. The first measure involves the
application of anti-reflective coatings (Solanki & Singh,
2017). The second measure involves the surface texturing
of the systems panels (Ahmed et al., 2017). Neither of
these measures should have a noticeable impact on the
solar PV system performance but will greatly assist in
minimizing reflection from the PV system (Kandt &
Romero, 2014).

The performance of a photovoltaic (PV) solar system is
highly dependent on the amount of solar penetration to the
solar cell, the type of climatic season, the temperature of
the surroundings, and the environmental humidity present
at its location (Mohamad Radzi et al., 2023). The amount
of power that can be produced by these systems is
dependent upon the type of photovoltaic (PV) solar system
used at the airport, the PV system’s orientation, and the
available solar resource (Kandt & Romero, 2014). Many
airports quite frequently have large tracts of open space
that could be potentially used for the installation and
operation of a solar photovoltaic (PV) system (Baek et al.,
2016; Curran, 2016). Consequently, many airports who
meet the spare land use requirement are now installing or
plan to install large surfaces of PV panels (Wybo, 2013).

2.3.2. The Environmental Related Benefits of
Photovoltaic (PV) Solar Systems for Airports

Solar power is a clean and abundant energy source, and it
is an environmentally friendly energy solution (Moukhtar
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et al., 2021). Solar power photovoltaic (PV) systems lower
the airport’s ground emissions (Sukumaran & Sudhakar,
2017b). The airport’s carbon footprint (carbon dioxide
CO;, emissions) can also be reduced by substituting solar
PV based power generation for traditional, more heavily
polluting, fossil-fuel based energy sources (Sukumaran &
Sudhakar, 2017a; Wybo, 2013). In addition, the use of
green or renewable energy sources provides the user with
an important opportunity to optimize energy efficiency
(Arman & Yuksel, 2013). Another advantage is that
renewable energy sources normally have very little waste
(Yerel Kandemir & Yayli, 2016). Other advantages of
solar power are that they do not emit any greenhouse
gases, such as carbon dioxide (CO,) into the atmosphere,
there are no releases of toxic gases, such as sulphur
dioxide (SO,), photo-voltaic (PV) solar systems can make
use of barren land, the systems allow for individual
installation and use, and they can decrease transmission
line costs in existing electricity grids. The disadvantages of
solar power are the electrical energy produced by the
system may be intermittent and unstable (Aktas &
Kirgicek, 2021; Alotto et al., 2014; Muhammed &
Baladraf, 2021), the generation of electrical energy is
reliant on natural events, large powerful photovoltaic solar
systems require large tracts of land for their installation,
and the surfaces of the solar panels must be cleaned
periodically in order not to reduce system efficiency
(Aktas & Kirgicek, 2021). Thus, solar is an uncertain
energy sources, since it varies throughout the day, season,
and geographic location (Correia & Ferreira, 2021).

2.4. An Overview of the Environmental Benefits of
Hydropower

Hydropower has important environmental benefits.
Hydropower is a clean, renewable, and environmentally
friendly source of energy (Berga, 2016; Tong, 2019;
Wagner & Mathur, 2011). As hydropower is a renewable
source of energy, the energy produced through
hydropower relies on the water cycle, which is driven by
the sun, making it a renewable energy source. Hydropower
is fueled by water, and this therefore makes it a clean
source of energy. Hydropower provides low-cost
electricity and durability over time when compared to
other sources of energy. Importantly, hydropower
complements other renewable energy sources (Office of
Energy Efficiency and Renewable Energy, 2022).
Hydropower does not pollute the air, thereby providing a
reduction in carbon dioxide (CO2) emissions (McKinney et
al., 2007; Wagner & Mathur, 2011; Walsh et al., 2020)
unlike power plants that burn fossil fuels, such as, coal or
natural gas (Spellman, 2022; Tong, 2019). Furthermore,
hydro power does not produce any toxic, hazardous, or
radioactive waste (McKinney et al., 2007). Hydropower
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does have some disadvantages: large land disturbance and
the potential relocation of people, high methane (CH.)
emissions from rapid biomass decay in shallow tropical
waters, and the disruptions to downstream eco-systems
(Tyler Miller & Spoolman, 2012). Hydropower may also
affect marine life (Majumdar, 2016), as fish populations
can be impacted if they are unable to swim upstream to
spawning grounds or to the ocean (Spellman, 2022).

2.5. Hybrid Renewable Energy Systems (HRES)

The renewable energy sources such as solar energy and
wind energy are complementary in nature. The use of these
natural resources to produce power reduces the power
demand on the conventional power generation sector
(Kumar et al., 2015). The sun and wind-based generation
are increasingly being considered alternate source of green
power generation which can be used to mitigate power
demand issues (Saidi & Chellali, 2017). Accordingly,
Hybrid Renewable Energy Systems (HRES) are becoming
popular as stand-alone power systems for providing
electricity (Kumar & Garg, 2013; Shirsath et al., 2016).
Indeed, amongst the various renewable energy sources,
photovoltaic (PV) and wind turbines (WT) have become
very attractive due to the abundant local availability in
nature, technological progress, and economic benefits
provided from such a system (Malik et al., 2020). A hybrid
energy system, or hybrid power, normally consists of two
or more renewable energy sources which are used in
tandem to provide increased system efficiency as well as a
greater balance in energy supply (Shirsath et al., 2016).
The hybrid combination of both distributed energy
resources eliminates mutual intermittences due to their
adverse nature; therefore, the reliability of the system will
be improved. The basic key objective of these hybrid
systems is to generate electrical energy by using renewable
and clean energy with minimum pollution (Malik et al.,
2020). A typical wind-PV hybrid system is comprised of a
small wind turbine, a photovoltaic (PV) generator and an
appropriate storage system together with the corresponding
electronic equipment (Godson et al., 2013; Kosmas &
Panagiotis, 2022).

A wind-solar hybrid system is a reliable alternative energy
source because it utilizes solar energy combined with wind
energy to create a stand-alone energy source that is both
dependable and consistent. Solar power or wind power
alone can fluctuate, however, when they are used together,
they can provide a reliable source of energy. Thus, an ideal
solution is to combine these two forms of energy sources
to create a constant energy flow (Dalwadi et al., 2011).
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I1l. RESEARCH METHODOLOGY
3.1 Research Method

This study used a qualitative instrumental case study
research approach (Janis, 2022; Miller, 2022; van Vreden,
2022). An instrumental case study is the study of a case.
An instrumental case study can study a firm(s). This
research approach provides insights into a specific issue,
enables researchers to redraw generalizations, or builds
theory (Stake, 1995, 2005), whilst also facilitating the
understanding of a specific phenomenon. An instrumental
case study is designed around established theory (Grandy,
2010). The present study was designed around the
established theory of airport energy management (Akyuz
et al., 2019; Thomas & Hooper, 2013), green energy
(Aswathanarayana, 2010; Bhowmik et al., 2017; Kalyani
et al., 2015), the use of solar power by airports (Baxter et
al., 2019; Sreenath et al., 2020b, 2021a, 2021b; Sukumaran
& Sudhakar, 2017a), and wind power (Gipe, 2004;
Maegaard et al., 2013; Manwell et al., 2009).

3.2 Data Collection

Data for the study was obtained from a variety of
documents, airport industry-related journals, annual
reports, press releases, company materials available on the
internet and records as sources of case -evidence.
Documents included Delhi International Airport (Indira
Gandhi  Airport) and Mumbai International Airport
(Chhatrapati  Shivaji Maharaj International Airport)
environmental policies, industry publications, and the
airport’s websites. Thus, this study used secondary data.
The study followed data collection guidance of Yin (2018),
that is, multiple sources of case evidence were used, a
database on the subject was created, and there was of a
chain of case evidence.

3.3 Data Analysis

Document analysis was used to analyze the documents
gathered for the study. Document analysis focuses on the
information and data from formal documents and company
records that are gathered by the researcher(s) when
conducting their case study (Andrew et al., 2011; Oates,
2006; Yin, 2018). The documents gathered for the study
were assessed for their authenticity, credibility,
representativeness and meaning (Scott, 2014; Scott &
Marshall, 2009).

In this study, significant information was extracted from
the secondary data collected using thematic analysis
(Braun & Clarke, 2022; Guest et al., 2012; Terry et al.,
2017). The thematic analysis was performed five discrete
stages. First, the collected data was arranged according to
its relevance to the study. In the second stage, the
organized data was coded and recoded and was
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subsequently classified into meaningful groups. In the
third stage, the most relevant themes were searched and
extracted from the classified data. In the fourth stage, the
themes that had been produced were checked to ensure that
they appropriately represented the meanings found in the
data set as a whole. In the fifth and final stage, the themes
were defined, named, and presented in the case study
(Ojogiwa, 2021).

All the documents collected for the study were stored in a
case study database (Yin, 2018). All the study’s documents
were in English. Each document was carefully read, and
key themes were recorded in the case study (Baxter,
2022a).

IV. RESULTS
4.1. Chhatrapati Shivaji Maharaj International Airport

4.1.1. An Overview of Chhatrapati Shivaji Maharaj
International Airport

Mumbai International Airport was privatized in 2006. At
that time India’s Ministry of Aviation contracted the
management and operation of the airport to GVK, a private
firm. As part of the agreement between the two parties, the
land that belonged to the Airport Authority of India was
leased out for thirty years (Ren, 2017). In November 2019,
the Competition Commission of India granted its approval
for Adani Properties Private Limited to acquire a
shareholding in Mumbai International Airport Limited
(Kumari & Aithal, 2020). Mumbai International Airport
Limited (MIAL) is managed by Adani Airport Holdings
Limited (AAHL), which is a subsidiary of Adani
Enterprises. MIAL is a Public-Private Partnership (PPP)
venture between AAHL, who holds a majority
shareholding of 74%, and the Airports Authority of India,
holding the remaining 26% of the company’s shares
(Chhatrapati Shivaji Maharaj International Airport, 2021).
The initial Public Private Partnership agreement was for a
term of 30 years, which took effect from May 3, 2006, and
the agreement is extendable by a further 30 years subject
to the terms of “Operations Management and Development
of Agreements” (OMDA) signed between the Airports
Authority of India (AAl) and Mumbai International
Airport (MIAL). Mumbai’s Chhatrapati Shivaji Maharaj
International Airport is India’s second busiest airport (Dan
et al., 2017; Jaffe, 2015, Gaonkar 2013). The airport can
handle around 50 to 52 million passengers per annum
(Sharma, 2022).

The airport has three passenger terminals: Terminal 1 is
used for domestic flights, Terminal 2 is used for both
domestic and international flights, and the General
Aviation terminal, which is used for private and non-
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scheduled flight operators. Mumbai airport is equipped
with two crossing runways which are designated 09/27 and
14/32. Runway 14/32, (2,925m, 9,596ft) is the runway that
runs between Terminals 1 and 2. The main runway 09/27
(3,445m, 11,302ft) intersects runway 14/32 just south of
the terminal buildings (Airport Technology, 2020).

Chhatrapati Shivaji Maharaj International Airport is an
ISO 50001:2018 (Energy Management System) and 1SO
14001:2015 (Environmental Management  System)
certified company (Loreng, 2022). ISO 14001 is a
worldwide meta-standard for implementing Environmental
Management Systems (EMS) (Dentch, 2016; Grover &
Grover, 2017; Heras-Saizarbitoria et al., 2011). Introduced
in June 2011, the ISO 50001 International Standard was
developed to provide a unified framework for energy
management  efficiency (Dzene et al, 2015;
Gopalakrishnan et al., 2014; Yuriev & Boiral, 2018). The
ISO 50001 Energy Management System standard also
provides a basis for energy management improvement by a
firm (Jovanovi¢ & Filipovi¢, 2016).

The airport has been accredited at the Airports Council
International Airport Carbon Accreditation (ACA) Level
4+, which signifies that it is a carbon neutral airport (Naik,
2022). Through the implementation of a certified 1SO
50001 Energy Management System, the airport has
developed a policy for the efficient use of energy, set goals
and targets for the forthcoming years and adopted a robust
mechanism to review its progress (Chhatrapati Shivaji
Maharaj International Airport, 2020).

4.1.2. Chhatrapati Shivaji Maharaj International
Airport Environmental Policy

Mumbai International Airport (Chhatrapati Shivaji
Mabharaj International Airport) defined and implemented a
very comprehensive environmental policy in 2022. In
accordance with the policy, Mumbai International Airport,
while developing, maintaining, managing, and operating
the airport, the airport is committed to achieving
excellence and sustainability in the quality of its facilities
and services, and the company manages the impact of its
business on the environment (Chhatrapati Shivaji Maharaj
International Airport, 2022).

Mumbai International Airport aims to continually improve
is environmental performance by:

e Ensuring compliance with applicable legal and
other requirements, including civil aviation safety
legislation and standards.

e Provision and optimal use of resources whilst
promoting re-use, recycling, and re-purposing.

e Protection of the environment by pollution
prevention and waste minimization.
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e  Nurturing sustainability initiatives and
development, including effective climate change
and greenhouse gas (GHG) management
(Chhatrapati  Shivaji Maharaj International
Airport, 2022).

Chhatrapati Shivaji Maharaj International Airport has
historically placed a high focus on carbon neutrality,
energy savings, emissions reduction, and climate action
since its inception. The airport employs a holistic approach
towards its sustainable operations and has carried out
various initiatives under environment management. These
include airport carbon management system, airport carbon
neutrality, sustainability reporting, renewable energy
installations, wastewater recycling, effective waste
management system, and organic waste treatment,
amongst others. Furthermore, the airport closely monitors
its noise management, air quality monitoring, waste
management and climate change, which helps minimize its
environmental impact (Airports Council International,
2022c).

Chhatrapati Shivaji Maharaj International Airport’s green
policies focus on continuous energy reduction through the
adoption of energy efficient products, operational
efficiency, and the application of innovative technology to
address the challenges associated with climate change
(Airports Council International, 2022c).

A share of the airport’s purchased electricity is used by
concessionaires, government authorities and other
stakeholders, which have operations at the airport. Hence,
the electricity purchased by the airport also includes
electricity is also consumed by other key stakeholders
(Chhatrapati Shivaji Maharaj International Airport, 2020).

4.1.3. Chhatrapati Shivaji Maharaj International
Airport Energy Sources

To sustain its operations and airport infrastructure,
Chhatrapati Shivaji Maharaj International Airport uses a
mix of energy sources. These energy sources are
compressed natural gas, diesel, electricity, petrol, and solar
energy (Chhatrapati Shivaji Maharaj International Airport,
2020)

4.1.4. Chhatrapati Shivaji Maharaj International
Airport Hybrid Solar Mill System

As previously noted, Mumbai International Airport has
shifted totally towards the use of green energy for its
consumption needs. Out of the total 100 per cent, the
airport procures around 95 per cent from green sources,
such as, hydro and wind energy (International Airport
Review, 2022; Loreng, 2022). Mumbai International
Airport achieved 100% use of green energy sources in
August 2022. The airport is committed to continuous
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reduction in energy consumption, and hence, a reduction in
its carbon footprint. Mumbai Airport has installed a
1.06MW rooftop solar power plant, which can be
increased to 4.66MW (International Airport Review,
2022).

Figure 1 presents Chhatrapati Shivaji Maharaj
International Airport annual solar power generation and
the year-on-year change for the period covering the 2016-
2017 to 2019-2020 financial years. Figure 1 shows that
there has been an upward trend in the airport’s annual solar
power generation during this period. Figure 1 shows that
there was a very pronounced spike in this metric in the
2017-2018 financial year, at which time it increased by
110.91% on the 2016-2017 levels. This large increase was
followed by two further significant annual increases in the
airport’s solar power generation, when it increased by
22.36% in the 2018-2019 financial year and by 27.80% in
the 2019-2020 financial year (Figure 1) This upward trend
is very favorable and highlights the importance of
renewable energy usage by the airport operator.

o
=]
=]

120

Annual Solar Power Generation
:
c

@
Year-on-Year Change (%)

2016-2017 2017-2018 2018-2019 2019-2020

s Solar Power Generational (100,000 Kwh)  eeYear-on-Year Change (%)

Fig.1: Chhatrapati Shivaji Maharaj International Airport
Annual Solar Power Generation and Year-on-Year
Change: 2016-2017 to 2019-2020 Financial Years

Source: Data derived from Chhatrapati Shivaji Maharaj
International Airport (2020).

In April 2022, Mumbai Airport enhanced its usage of
green energy when it deployed a 10Kwp Hybrid SolarMill
consisting of 2Kwp TurboMill (three Savonious vertical
axis type wind turbine (VAWT) and 8Kwp Solar PV
modules, with an estimated minimum energy generation of
36 kWh/day. This first-of-its-kind, fully integrated, hybrid
renewable energy product, harnesses both solar and wind
energy that are combined to generate electricity at the
airport (International Airport Review, 2022; Loreng,
2022). Importantly, wind energy (WE) is increasingly
emerging as a green and clean energy source (Chawda et
al., 2023). In addition, the development of modern
photovoltaic thermal systems (PV/T) is regarded as being
one of the most important steps in the application of using
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solar energy to produce both electricity and heat (Chaichan
etal., 2022).

4.15. The Environmental Benefits of Chhatrapati
Shivaji Maharaj International Airport Hybrid Solar
Mill System

The new green energy powered system will enable
Chhatrapati Shivaji Maharaj International Airport to
reduce its carbon footprint as the new system will reduce
its annual carbon dioxide (CO;) emissions by 120,000
tonnes (The Economic Times, 2022). The reduction in
carbon dioxide emissions (CO) is contributing to the
airport’s goal of Net Zero emissions by 2029. As noted
earlier, a very important benefit of the use of photovoltaic
(PV) solar systems by airports is that these systems lower
the airport’s ground emissions, and hence, the airport’s
carbon footprint (Sukumaran & Sudhakar, 2017a; Wybo,
2013). Reducing the use of fossil fuels considerably
reduces the amount of carbon dioxide (CO;) produced, as
well as reducing the levels of the pollutants released into
the atmosphere (Demirbag, 2006). This is especially
important for airports because the global aviation industry
generates a substantial carbon footprint which is predicted
to increase in the future (Filimonau et al., 2018). The
aviation industry has set a goal of net zero emissions by
2050 (Amankwah-Amoah et al., 2023; Bergero et al.,
2023; Serafimova & Finger, 2022). Airports can play a key
role in achieving this goal by deploying and using green
energy.

A further environmental-related benefit of the renewable
energy system is that reduces the negative effects of fossil
fuel-based energy (Midilli et al., 2006). Indeed, the
transition towards more renewable sources reduces a
firm’s dependence on fossil fuels (Mutezo & Mulopo,
2021; Omer, 2008). Fossil fuels produce harmful
emissions that negatively impact the environment (Agbulut
& Saridemir, 2021).

In addition, the use of green or renewable energy sources
provides the user with an important opportunity to
optimize energy efficiency (Arman & Yuksel, 2013).
Indeed, this is a very important advantage of Chhatrapati
Shivaji Maharaj International Airport new renewable green
technology system as the new system is very energy
efficient.

4.2. An Overview of Indira Gandhi Airport
4.2.1. An Overview of Indira Gandhi Airport

Indira Gandhi Airport is located 16 kilometres from the
centre of Delhi. The airport has three passenger terminals
and three runways. Runway 11-29 has a length of 4,430
metres, whilst the airport’s Runway 10-28 has a length of
3,810 metres. The airport’s third runway, Runway 09-27,
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is 2,813 metres in length. Terminal 3 is an integrated
terminal, and thus, it handles both domestic and
international passenger traffic (Delhi Indira Gandhi
Airport, 2022). Delhi’s Indira Gandhi Airport handled
37,139, 957 passengers in 2021, making it the world’s 13th
busiest passenger airport in 2021(Airports Council
International, 2022b). Indira Gandhi Airport is now
amongst the twenty busiest airports in the world (Ganguly,
2019). The airport is India’s busiest airport (Agarwal et al.,
2018; Zhou et al., 2019).

On January 31, 2006, a consortium that was led by GMR
Infrastructure, and including Germany headquartered
Fraport AG, and others, won the contract to modernize
Delhi Airport (Pratap & Chakrabarti, 2017). Following the
privatization of the airport in 2006, Delhi International
Airport Private Ltd. (DIAL) was formed with the key

objectives of operating, maintaining, developing,
designing,  constructing,  upgrading, = modernizing,
financing, and managing the Indira Gandhi

International Airport (Chaudhuri & Chaudhuri, 2017).

Delhi’s Indira Gandhi Airport has placed a very high focus
on sustainability and, as a result, the airport has
implemented various initiatives such as renewable energy
development and usage, energy efficiency, green building,
programs with airlines, operational efficiency measures,
green transportation, tree plantation, and management of
greenhouse gases (GHG) in accordance with the Airport
Council  International’s  (ACI)  Airport  Carbon
Accreditation program (Delhi Airport, 2022; Gandhiok,
2022). In 2020, Delhi Airport became the first airport
within the Asia-Pacific region to achieve “Level 4+ under
ACI’s Airport Carbon Accreditation program (Delhi
Airport, 2022). This indicates that besides being a carbon-
neutral airport, Delhi International Airport has adopted
long-term absolute emission reduction goals in line with
the United Nations (UN) Intergovernmental Panel on
Climate Change (IPCC) 1.5-degree scenario (Airports
Council International, 2022a).

4.2.2. Indira Gandhi Airport Environmental Policy

Delhi International Airport has defined and implemented a
comprehensive environmental policy. Delhi International
Airport is committed to conducting its business in an
environmentally friendly manner and the airport aims to
minimize the impact of its activities on both the
environment and the community. As part of this policy,
environmental management is an integral part of the
airport’s business strategy that is designed to ensure that
the airport achieves credibility and business sustainability.
Delhi International Airport Private Ltd (DIAL) is
committed to the protection of the environment, and the
mitigation of climate change. The airport also ensures the
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sustainable usage of resources at Indira Gandhi Airport
(Delhi International Airport Limited, 2020).

Delhi International Airport Private Ltd (DIAL) being a
responsible organization strives to fulfill its environmental
obligations and commitments by:

o Fulfilling all applicable environmental

compliance obligations.

e Establishing and maintaining a management
system to fulfil its commitments as well as
safeguarding the interests of all interested parties.

e The airport comprehensively assesses and
manages all environmental risks and opportunities
associated with its development and operational
activities.

e The airport sets, monitors, and reviews its
environmental objectives and targets to ensure
continual improvement of its Environmental
Management ~ System  to  enhance  its
environmental performance.

e The airport develops and reviews environmental
objectives and targets so it can ensure continual
improvement of its Environmental Management
System, and thereby, enhance its environmental
performance.

e The airport develops adequate competency in its
employees and other relevant stakeholders to
manage environmental risks and opportunities
associated with their activities.

e The airport establishes an integrated approach
toward its long-term absolute greenhouse gas
(GHG) emission reduction targets and the
sustainable management of natural resources.

e  The airport promotes the “green” supply chain to
the maximum degree and considers all
stakeholder expectations.

e The airport promotes the use of the “green
building” concepts in all of Indira Gandhi
International Airport infrastructure (Delhi
International Airport Limited, 2020).

Indira Gandhi International Airport has an ISO 14001:
2015 certified Environmental Management System and an
ISO 50001: 2018 certified Energy Management System
(GMR Infra, 2021).

4.2.3. Indira Gandhi Airport Energy Sources

Indira Gandhi Airport direct energy sources are diesel, and
petrol. Grid electricity is Indira Gandhi Airport’s primary
indirect energy source. The airport has an onsite solar
energy plant, and the airport also uses open access
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renewable energy. In India, the open access is a
mechanism under which consumers can purchase
electricity directly from power producers, rather than
through electricity distribution companies (Gupta, 2022).
In India, commercial and industrial consumers can procure
Open Access power from three kinds of renewable energy
plants — third-party owned, wholly owned (captive) or
owned by a group of consumers (group captive) (Garg et
al., 2022). More than 90% of the gross electricity
consumed by Delhi Airport was sourced from renewable
energy sources in the 2020-21 financial year (GMR Infra,
2021).

4.2.4. Indira Gandhi Airport Hydro and Solar Energy
System

In 2022, Delhi’s Indira Gandhi Airport became the first
airport in India to be powered entirely by hydro and solar
energy sources. This energy-related measure is one of the
airport’s key actions that it has taken to move closer to
realising its 2030 objective of being a Net Zero Carbon
Emission Airport (Airports Council International, 2022a;
Delhi Airport, 2022).

At the time of the present study, the airport was sourcing
around 6% of its electricity requirement from onsite solar
power plants and the remaining 94% from hydropower
plants (Delhi Airport, 2022; Joshi, 2022). For its
hydropower, the airport has signed a long-term power
purchase agreement (PPA) with Himachal Pradesh-based
hydropower producing company to supply hydroelectricity
for the airport until 2036 (Joshi, 2022).

Delhi’s Indira Gandhi Airport has used solar power for
quite some time and following the introduction of the new
system it is now fulfilling its major electricity
requirements from a hydropower plant (Gandhiok, 2022).

The airport has also installed a 7.84 MW solar power plant
on the airside, and, as part of stakeholder collaboration,
operators of the air cargo terminals at the airport have
added a further 5.3 MW rooftop solar power plant
(Airports Council International, 2022a; Joshi, 2022).

4.2.5. The Environmental Benefits of Indira Gandhi
Airport Hydro and Solar Energy System

As previously noted, Indira Gandhi Airport has moved to
green energy, and since June 1, 2022, now only uses only
hydro and solar power for all its energy requirements. This
initiative is a key part of the airport’s goal of becoming a
Net Zero Carbon Emission Airport by 2030 (Airports
Council International, 2022a). The airport’s operator,
Delhi International Airport Limited (DIAL), has estimated
that by moving to renewable sources for its energy
requirements the airport is expected to indirectly reduce
200,000 tons of carbon dioxide (CO,) emissions every year
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(Delhi Airport, 2022; Gandhiok, 2022; Joshi, 2022).
Consequently, the airport has been able to reduce its
carbon footprint from the use of its new renewable green
energy system. In addition, the airport has also been able
to increase its energy efficiency, which is a very favorable
outcome. A further important environmental-related
benefit is that the airport has been able to reduce its use of
energy that may have been produced from fossil-based
fuels. This alleviates harmful emissions produced from the
consumption of fossil fuels that may have been used in the
generation of electricity previously used by the airport
cause environmental damage (Hao & Van Brown, 2019;
Nicoletti et al., 2015).

V. CONCLUSION

Using an in-depth instrumental case study research
approach this study has examined the role played by
renewable green energy technologies and systems at
Mumbai’s Chhatrapati Shivaji Maharaj International
Airport, and Delhi’s Indira Gandhi International
Airport. The qualitative data used in the study was
examined by document analysis. The case study was
underpinned by the case study research framework as
recommended by Yin (2018).

The case study revealed that Chhatrapati Shivaji Maharaj
International Airport has entirely switched to green sources
for its energy consumption needs, thereby making it one of
India’s 100 per cent sustainable airports. Mumbai
International Airport achieved 100% use of green energy
sources in August 2022. The airport is committed to
continuous reduction in energy consumption, and hence, a
reduction in its carbon footprint. In April 2022, Mumbai
Airport enhanced its usage of green energy when it
deployed a 10Kwp Hybrid SolarMill consisting of 2Kwp
TurboMill (three Savonious vertical axis type wind turbine
(VAWT) and 8Kwp Solar PV modules, with an estimated
minimum energy generation of 36 kWh/day. This first-of-
its-kind, fully integrated, hybrid renewable energy product,
harnesses both solar and wind energy that are combined to
generate electricity at the airport. The new green energy
powered system will enable Chhatrapati Shivaji Maharaj
International Airport to reduce its carbon footprint as the
new system will reduce its annual carbon dioxide (CO2)
emissions by 120,000 tonnes (The Economic Times,
2022). The reduction in carbon dioxide emissions (CO2) is
contributing to the airport’s goal of Net Zero emissions by
2029. Another important environmental-related benefit of
the new system is that it is assisting the airport to enhance
its energy efficiency.

Like Mumbai’s Chhatrapati Shivaji Maharaj International
Airport, Delhi’s Indira Gandhi Airport has also taken a
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range of steps to “green” its operations and to make the
airport more sustainable. In 2022, Delhi’s Indira Gandhi
Airport became the first airport in India to be powered
entirely by hydro and solar energy sources. This energy-
related measure is one of the airport’s key actions that it
has taken to move closer to realizing its 2030 objective of
being a Net Zero Carbon Emission Airport. The airport’s
operator, Delhi International Airport Limited (DIAL), has
estimated that by moving to renewable sources for its
energy requirements the airport is expected to indirectly
reduce 200,000 tons of carbon dioxide (CO2) emissions
every year. Consequently, the airport has been able to
reduce its carbon footprint from the use of its new
renewable green energy system. In addition, the airport has
also been able to increase its energy efficiency, which is a
very favorable outcome for the airport. At the time of the
present case study, the airport was sourcing around 6% of
its electricity requirement from onsite solar power plants
and the remaining 94% from hydropower plants.

By embracing the use of renewable and green energy
sources, both airports have been able to reduce the use of
fossil fuels and, as a result, they have been able to reduce
their carbon dioxide (CO.) emissions, and hence, their
carbon footprint. This is very important for airports
because the global aviation industry generates a substantial
carbon footprint. In addition, by using renewable and
green energy sources the two airports have been able
reduce their dependency on fossil fuels, and consequently,
they have reduced pollutants being released into the
atmosphere. The use of clean green energy sources has
helped the two airports to mitigate the environmental
damage associated with fossil fuel usage.
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Abstract— The overexploitation of agricultural soils as a result of the increased need for food by local
populations is leading to serious dysfunctions in land restoration. These dysfunctions, aggravated by
climate change, require the implementation of ecological engineering strategies to rehabilitate the soil.
The soils of the South Cameroonian plateau suffer significant degradation in terms of loss of fertilizing
elements due to extensive agricultural practices, which limits agricultural production. This work showed
how tree legumes contribute to improving the yield of yellow yam (Dioscorea cayenensis) in the South
Cameroonian plateau, to ultimately support the production of agroecosystems in this environment. Within
the framework of this study, an experimental set-up was designed to measure the performance of tree
legumes in the field. The experimental set-up is a randomized complete block trial with three treatments
and three replications on 3000 m2. The control plot without shrubs, the plot with Calliandra, and the plot
with Senna. This trial was carried out in the district of Mbankomo, Mefou, and Akono Department, Central
Region. After monitoring the experiment, it was found that Senna spectabilis produced more nutrients than
Calliandra calothyrsus. Thus, each Senna shrub produced 1.54 kg of litter in the first year and 2.04 kg in
the second year for a quantity of nitrogen of 192.76 kg/ha and 260 kg/ha respectively in the first and
second year. Each Calliandra shrub produced 1.46 kg and 1.87 kg of litter for a nutrient amount of 183
kg/ha and 236.81 kg/ha of nitrogen during the two years of the experiment. The combination of tree
legumes and field crops increased yam yields by a factor of 2 or 3 compared to traditional agriculture. The
growth rate of the yam is accelerated as well as its vegetative cycle, which is reduced from 7.5 months to 6
months as a result of the increase in soil organic matter through the shrub legume litter. Agroforestry
practices could have a positive impact on soil characteristics and microbial communities, resulting in
enhanced soil fertility and long-term sustainability of agricultural production. According to the results
obtained, the insertion of tree legumes in agrosystems is a more efficient and less costly way to gradually

and sustainably increase nitrogen availability and soil fertility.
Keywords— South Cameroon Plateau, shrub legumes, litter, yellow yam, agrosystems.

I INTRODUCTION Cameroonian plateau is bordered to the North by the

The South Cameroon plateau is a vast platform Adamaoua plateau, to the East by the Central African

that extends between the 2nd and 6th degrees of North Republic, to the West by the western highlands and the
latitude and between the 2nd and 6th degrees of East coastal plain, and to the South by Equatorial Guinea,
longitude. 1t comprises three administrative regions of Gabon, and Congo (Camerecole.org). It is also a vast
Cameroon: the Centre, the South, and the East. The South erosion surface sloping towards the Congo basin in the
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southeast, in the west it ends abruptly with an escarpment
dominating the coastal surface. Its average altitude is about
650 m, but in Yaoundé, it is close to 750 m.

The South Cameroonian plateau has an equatorial
climate of the Guinean type, characterized by constant
temperatures (24 to 26°C), abundant rainfall, and the
existence of four seasons: a long dry season from
December to February, a short rainy season from March to
May, a short dry season from June to August and a long
rainy season from September to November. The entire
southern Cameroonian plateau receives an average of
1,500 to 2,000 mm of rainfall per year, although some
areas are relatively deficient due to the continental nature
of the region and deforestation [1]. However, with the
phenomenon of climatic disruption observed over the last
few decades, the dry season has tended to lengthen to the
detriment of the rainy season. This climatic disruption
leads to a disruption of the rainfall calendar with the
appearance of extreme phenomena and consequently a
disorganization of agricultural activities. All this has
effects on human health [2].

In this geographical area, there are extremely
complex ferralitic soils that cover 2/3 of the country and
have been in place for millions of years. These are
nutrient-poor, acidic, and fragile soils. They are largely
covered by forest, very permeable, and rich in humus [1].
These soils have suffered significant degradation in terms
of loss of fertilizing elements due to extensive agricultural
practices [3].

Agriculture remains the mainstay of the
economy in this area and employs more than 50% of the
working population in the Centre, nearly 75% in the East,
and around 80% in the South (Camerecole.org). A wide
variety of products are grown, both for export (cocoa,
coffee) and for food (plantain, yams). Food crops are
grown in fields where mixed cropping is common for
production intended primarily for self-consumption. But
increasingly, they are sold on domestic and sub-regional
markets.

Cropping techniques and systems, as well as poor soils,
contribute to reduced productivity and increased
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malnutrition, and poor living conditions for people. It can
be seen that yam plays an important role in the food
security of at least 60 million people [4], [5], [6].
However, there is rapid soil depletion accelerated by a
significant erosion of cultivated plots leading to reduced
productivity and yam production, coupled with the high
cost and scarcity of imported chemical fertilizers [6].

To overcome these difficulties, the importance of
shrub legumes with high nitrogen fixation capacities such
as Calliandra and Senna becomes obvious, especially for
regions where soils are generally fragile as in the southern
plateau of Cameroon. Symbiotic nitrogen fixation by these
legumes is also becoming an essential element of policies
to limit the importation of nitrogen fertilizers, whether for
economic, ecological, or agrosystem sustainability reasons
[71. [8].

To improve yam yields and effectively combat
soil infertility in the southern plateau of Cameroon, it was
necessary to conduct a study on the contribution of tree
legumes to yam production, using Calliandra calothyrsus
and Senna spectabilis as species in the locality of
Mbankomo in the Central Region.

1. MATERIALS AND METHODS
2.1. Materials
2-1.1. Location of the study site

The study was carried out in the Centre region, in
the Mefou and Akono departments, and in the Mbankomo
district, which is a locality in the secondary forest zone
that has been degraded by urbanization and anthropization
of the environment [9], [10]. The vegetation is
characterized by tree species and swampy lowlands. The
main forest species found in the area are Terminalia
superba, Entandrophragma cylindricum, Baillonella
toxisperma, Milletia exelsa, Disthemonianthus
benthamianus, Triplochiton scleroxylon, Ceiba pentadra.
The fallows are mainly colonized by Musanga
cecropioides, Eupatorium sp., and Chromolaena odorata.

(Figure 1).
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GARTE DE LOCALISATION DE LA COMMUNE DE MBANKOMO

REGION DU CENTRE
DEPARTEMENT DE L2
MEFOU ET AKONO

Fig.1: Localization map.

2.1.2. Materials used

The field equipment used in the framework of
this work is made up of the A-frame for the measurement
of the contour lines, the stakes to delimit the surface to be
cultivated, the hoes for the making of mounds for the
cultivation of the plant material and to fight against
erosion. A strong, machetes, a triple decameter, stakes, an
auger for various soil samples in the study site, a
dendrometer to measure the height of the trees, gloves,
boots, and a helmet to protect the hands, feet, and head,
and tarpaulins to collect the leaves after pruning the
shrubs.

The plant material consists of Senna spectabilis
and Calliandra calothyrsus seeds for the shrub hedges, and
yam seeds as a specimen to be cultivated in the
experimental plots. The seeds of these shrubs are obtained
from pre-existing trees and the traditional variety of yam
seeds are obtained in the Mokolo market in Yaoundé and
the mass of these seeds varies between 350 and 500g.

The laboratory equipment consists of sieves with
different mesh sizes (2 mm, 0.5 mm) composed of metal
support that encircles the screen or sieve and a soil
conservation device. The sieve allows the removal of
elements such as roots and other elements that are not part
of our study. The conservation device maintains the soil
with all the living organisms in it.

Each plant material (yam seed, leaf biomass of
each legume, crop) is weighed using a commercial price-
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weight scale brand 56PPI. In addition, microbalances are
used for weighing to the hundredth of a milligram, and an
analyzer for chemical analysis of the crushed and dried
leaf samples, an oven.

2.1.3. Experimental design

The experimental set-up is a randomized
complete block trial with three treatments and three
replications on 3000 m2. There is the control plot, the
Calliandra plot, and the Senna plot. Each block covers an
area of 1000 m2, containing the three treatments and
representing one replication. Block 1 is located at
Eloumden | (3° 29' N and 11° 16'E), Block 2 at Eloumden
Il (3° 50'N and 11°26'N), and Block 3 at Ekoko (3°49'N
and 12° 7'E) [11].These trials were continued [12], and
were conducted for two years on the same plots with the
same treatments but with different doses of litter.

The different sites were chosen based on criteria
such as the rapid increase in population in the locality of
Mbankomo, galloping urbanization, a decrease in
cultivable land, overexploitation of the soil, and a drastic
decline in soil fertility [13]. The experiment takes place at
the beginning of each rainy season. The preparation of the
different plots is done manually with a hoe. But before
this, the plots are already marked out and planted with
shrubs. The control plot without shrubs covers an area of
190 m2 (Fig. 2), where yams are planted on mounds 40 cm
high and spaced 1 m apart in all directions [14], [15].
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Fig.2: Experimental set-up of the control plot (PT)

The Calliandra and Senna plots (Fig. 3) are
separated from each other by 3 m and cover a usable area
of 190 m2 each, i.e. the area planted with yams without
taking into account the space occupied by shrubs. The
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yams are planted at a density of 1m between plants and 1m
between rows. The bushes are 50 cm apart in the rows and
6 m between rows.
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Fig.3: Legume Experimental plot dispositive [16]

2.2. Method
2.2.1. Burial of litter

In the plots planted with shrubs, each plot
receives a dose of litter that will be buried at a depth of 15
cm. The dose is defined in advance and is 8 t/ha in the first
year and 10 t/ha in the second year [17]. These different
doses correspond to 152 kg and 190 kg in the first and
second vyear respectively for each plot, namely the
Calliandra (Pc) and Senna (Ps) plots. Two weeks after
plowing in the organic matter [18], soil samples are taken
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before yam planting at 0-15 cm depth [19], using an auger
following a Z pattern [20].

The yams are planted at a density of 1 m between
plants and 1 m between rows on 40 cm high
mounds.Calliandra and Senna are chosen based on their
characteristics. These shrubs are fast growing, have a deep
root system, abundant foliage, and provide stakes for
yams. They fix atmospheric nitrogen (Calliandra) and
tolerate acidic soils. This system was set up in August
2016 with the planting of shrubs from the nursery set up in
June 2016.
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The planting of shrubs that have reached 10 cm in
height is done on contour lines, using the A-frame, at a
distance of 6 m, following the spacing of 50 cm [21]. The
height (H, m) of these shrubs is measured using both a
triple decameter and a vertex electronic dendrometer,
every two months on ten plants [19]. The first pruning took
place in February 2017 and the second in February 2018
when the shrubs had reached heights of 3.5 m and 6.1 m
for Calliandra and 4.25 m and 8.7 m for Senna.

2.2.2. Obtaining leaf biomass (litter)

Ten trees were selected based on their diameter
for the estimation of leaf biomass. At the time of pruning,
the diameter of Calliandra trees was between 15 and 18
cm and that of Senna trees between 22 and 24 cm. The
biomass of the aerial compartments (leaves) was estimated
from sampling based on the method described by [22].
Destructive sampling of shrubs was carried out. These
shrubs were pruned to 50 cm from the ground [21] and the
collected samples were used to estimate the leaf biomass.
The leaves of these legumes were collected by dropping
them on a large tarpaulin and weighing them. The
branches are discarded to avoid cluttering the plot and are
not included in the fertilizer.

2.2.3. Determination of nutrients in Calliandra and
Senna leaves

To determine the nutrient content of Calliandra
and Senna leaves, six months after planting and one year
after the first pruning, the leaves were collected and the
plant samples were dried at 65°C in ovens at the IITA
laboratory in NKkolbisson, the evaluation of the nutrients
was done by grinding the dried leaves. An aliquot of each
ground sample is sent to the laboratory where it is further
ground. A 3.5 mg test sample is weighed to the hundredth
of an mg on the MX5 Mettler Toledo and MC5 Sartorius
microbalances. The chemical analyses of the plant samples
were carried out with the NCS 2500 Thermo Quest
analyzer.

2.2.4. Chemical analysis of soils

Chemical analyses were carried out at the IITA
laboratory in Nkolbisson using the following methods: soil
samples were dried and crushed and then sieved using a 2
mm mesh sieve. For C and N, the soil samples were further
crushed and sieved using a 0.5 mm mesh sieve. The pH-
water is determined at 1:2.5 (w/v) of the suspended water.
Organic carbon is determined by the chromic acid
digestion method and by spectrophotometric analysis using
the UV-VIS spectrophotometer [23].

Total nitrogen is determined by wet acid digestion
[24] and analysis is done by colorimetry [25].
Exchangeable cations (Ca, Mg, K, and Na) are extracted
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using the Mehlich-3 procedure or method and determined
by flame atomic spectrophotometric absorption (FAS).
CECs are extracted using ammonium acetate at pH 7 and
analyzed by colorimetry. Exchangeable acidity is extracted
using 1M KCI and quantified by titration.

2.2.5. Shrub legume litter and yam production
2.2.5.1. Monitoring of yam growth

To monitor the growth of the aerial system of yam
in each treatment on ten individuals, the criterion used is
the evolution of the sum of the lengths of the aerial axes as
a function of time [26]. Every 10 days after emergence, the
length of each aerial axis is measured on a given
individual, using a string applied along the winding of the
axes. This staggered measurement could not be maintained
throughout the growth period in some series where a large
number of plants were highly developed and branched at
the same time. The absolute error is of the order of one cm
(main axis), and several cm (lateral axes). Growth is said
to be linear when the increase in dimension A 1 is
proportional to time. We have constant dl/dt. The
successive values of the measured dimension are arranged
on a straight line as a function of time. The linear growth
phase is preceded by an accelerated growth phase and
followed by a slow growth phase.

2.2.5.2. Evaluation of yam production

To assess yam production, ten plants per plot
were harvested in the Z pattern and weighed using a
commercial price-weight scale, brand 56PPl. The total
mass of yam per plant is subtracted from the mass of seed
used at planting to assess the gain or performance of the
cropping system. The masses per plant and per plot are
added together and divided by 10 to give the average mass
of a plant. This mass is multiplied by the total number of
plants per plot in kg/m2, then reduced to the hectare by
multiplying by 10,000 to obtain the yield in tones/ha
(paden@paden-senegal.org / www.paden-senegal.org).

2.2.6. Statistical analysis

Statistical analyses were carried out in three
replications and the results are expressed as means plus or
minus standard deviation. The data were analyzed using
the ANOVA test and the Posthoc LSD test for multiple
comparisons. The paired Student's t-test was used for
pairwise comparisons. IBM/SPSS 20 for Windows was
used at the 5% significance level. Microsoft Office Excel
2013 was used for graphical representations. Significant
differences between treatments were observed in the
number of nutrients returned to the soil via the application
of litter from the shrub cut. The differences between the
treatments in soil fertility and productivity were noted.

105


https://dx.doi.org/10.22161/ijeab.82.10

Djakou et al.

I1. RESULTS AND DISCUSSION
3.1 Results
3.1.1. Growth of Calliandra calothyrsus Meisn.

Calliandra calothyrsus is a fast-growing shrub
legume, its regeneration and management are simple. On
impoverished and degraded soils, their germination does
not require special fertilization. When Calliandra is
associated with crops, it must be constantly pruned to
prevent its shading from competing with the associated
crops. The growth of tree legumes such as Calliandra
differs from one area to another depending on soil, rainfall,
and light. After transplanting Calliandra, a growth of
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61.08 cm was obtained after 60 days i.e., from August to
October 2016.

Shading considerably affects the growth of this
legume if it is important for the plot to be cultivated. After
the fourth month of our experiment, this growth was
accelerated from 61.08 cm to 204.52 cm, an additional
increase of 143.44 cm. In February 2017, the total growth
of Calliandra was 299.37 cm with a standard deviation of
1.21 (Table 1). It appears that Calliandra which has a deep
root system allows other crops to grow easily as a well-
maintained leguminous hedge takes in the deep soil
horizons and maintains a state of relative moisture in the
organic horizon.

Table 1: Height of Calliandra (cm)
Oct.5, 2016 Dec. 5, 2016
61.08 + 0.34° 204.52 + 1.04¢

Date Aug. 6, 2016
Height 10.12 + 0.03¢#

Values are expressed as mean + standard deviation (n = 3). Values with the same letter on the same line are not significantly

Feb. 5, 2017
309.37 + 1.21¢

different (p > 0.05).

When growing Calliandra, it was observed that after the
second month of planting, the height of the shrub increased
fourfold to 310 cm six months after planting (Figure. 4).

The rapid growth of the shrub allows for a rapid and
abundant supply of litter to enrich and nourish the soil life.

Height (cm)

350
300
250
200
150
100
50
., — B

06/08/2016

05/11/2016

05/12/2016 05/02/2017

Fig.4: Height of Calliandra

3.1.2. Obtaining the leaf biomass of Calliandra

After planting the Calliandra shrubs in hedges 6
m apart with a spacing of 50 cm between the shrubs, we
waited until these shrubs could reach a height of 3.10 m,
the first pruning was done six months after planting. This
pruning was done at 50 cm from the ground. Average
annual leaf biomass of 8.46 tons/ha was obtained. Each
shrub provided 1.46 Kkg/shrub as green matter. The
harvesting of this plant material allowed us to fertilize the
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plot. In the second year of the experiment, the cutting took
place twelve months after the first in February 2018.

This operation allowed us to obtain an average
annual leaf biomass of 11.02 kg/ha, with each shrub
producing 1.87 kg/shrub (Table 2). The amounts of leaf
biomass/shrub, and total leaf biomass increased
significantly from the year 2016 - 2017 to the year 2017 -
2018 with (t = - 33.84; p = 0.001), (t = - 50.07 p = 0.000)
respectively. This increase in leaf biomass is because after
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pruning, several shoots are formed on the shrub and the
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leaf mass increases similarly.

Table 2: Litter production of Calliandra hedges during the two years of experiment (tons/ha)

Quantity/shrub (kg) Leaf biomass (t/ha)
2016 — 2017 146+ 0.01 8.46+0.21
2017 — 2018 1.87+£0.03 11.02 £0.17
t (student) probability t=-33.84 (p = 0.001) t=-50.07 (p = 0.000)

3.1.3. Growth of Senna spectabilis H.S

Senna spectabilis is another example of green
manure that is intended to improve soil fertility in
agrosystems. It is planted in rows six meters apart, with a
distance of 50 cm between plants in the rows. Pruning was
carried out six months after planting and one year after the
first pruning at a height of 50 cm from the ground. Senna
spectabilis is also a very fast-growing plant. A very deep
root system prevents competition with associated crops.
After 60 days, the growth of the shrub is 68.67 cm.

After the fourth month, this growth increased
from 68.67 cm to 217.93 cm to reach a height of almost
4.50 m before the first pruning took place six months after
planting, with a standard deviation of 3.76. One year after
the first pruning, the height reached 870 cm. With a very
deep root system, Senna spectabilis draws mineral
elements from deep in the soil and brings them to the
upper soil surface. Table 3 shows a significant increase in
the height of Senna from one date to the next.

Table 3: Measurement of the height of Senna spectabilis

Date Aug. 6, 2016

Oct.5, 2016

Dec. 5, 2016 Feb. 5, 2017

Height 10.72 +0.10%

68.67 + 0.90°

217.93 £2.17°¢ 434.90 + 3.764

Values are expressed as mean * standard deviation (n = 3). Values with the same letter on the same line are not significantly

different (p > 0.05).

Four months after planting, the height of Senna spectabilis, which is 217 cm, doubled after two months (Figure5)
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Fig.5: Height of Senna

3.1.4. Obtaining the leaf biomass of Senna

Senna plants spaced 50 cm apart and planted in 6
m rows reached a height of 4.5 m six months after
planting. It produced an average annual leaf biomass of
9.25 tons per hectare after the first pruning six months
after planting (Table 4). Each shrub produced a biomass of
1.57 Kkg. In the second year, 2017-2018, the leaf biomass
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per shrub increased by 0.5 kg, similarly increasing the
average annual leaf biomass to 12.06 tons per hectare.
After the first pruning of Senna spectabilis, several
offshoots were formed, the number of which varied from 5
to 7 offshoots on the shrubs considered in our sample. The
amounts of leaf biomass/shrub, and annual leaf biomass
also increased significantly from the year 2016 - 2017 to
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the year 2017 - 2018 with (t = - 16.09; p = 0.004), (t = -
16.15; p = 0.004) respectively. The leaf biomass of Senna
spectabilis is all the higher as its root system is very deep,
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reaching more than 120 cm in depth. This allows it to draw
mineral elements from deeper in the soil and bring them
back to the soil surface.

Table 4: Litter production of Senna hedges during the two years of experiment (tons/ha)

Quantity/shrub (kg) Leaf biomass (t/ha)
2016 — 2017 1.57 +0.04 9.25+0.24
2017 — 2018 2.04 £ 0.05 12.06 £ 0.27
t (student) probability t=-16.09 (p = 0.004) t=-16.15 (p = 0.004)

3.1.5. Amount of nutrients supplied by each type of litter

3.1.5.1. Amount of nutrients supplied by Calliandra
calothyrsus

On the soils of our experimental plots, no
fertilizer was applied to the shrub hedges during planting.
The yield of the shrubs in fertilizer and the chemical
composition of the foliage determines the number of
nutrients supplied to the soil. After the various prunings of
the shrubs, large amounts of litter were obtained. This litter
released high amounts of nitrogen and other nutrients.

After using the Calliandra litter between 2016
and 2017, the amount of fertilizer added to the plot
provided the following proportions: 183 kg/ha of nitrogen,
6.44 of phosphorus, 71.79 of potassium, 114.68 of
calcium, and 25.57 of magnesium. In the following year,
there was an increase of 53.81 kg/ha of nitrogen, 1.83
kg/ha of phosphorus, 21.07 kg/ha of potassium, 33.77
kg/ha of calcium, and 7.39 kg/ha of magnesium (Table 5).
The number of nutrients supplied by Calliandra varied
from 6.44 to 183 kg/ha for phosphorus and nitrogen
respectively between 2016 and 2017

Table 5: Average annual amounts of nutrients supplied through Calliandra litter at Mbankomo, 2016- 2018

N (kg/ha) P (kg/ha) K (kg/ha) Ca (kg/ha) Mg (kg/ha)
2016 - 2017 183.00 £ 2.12 6,44 £ 0.06 71.79 £0.04 114.68 + 0.07 25.57 £ 0.55
2017 - 2018 236.81 £ 2.64 8.27 £0.03 92.86 £0.71 148.45 + 0.69 32.96 + 0.51
t- student t=-177.37 t=-61.00 t=-51.78 t=79.71 =-24.22
(probability) (p =0.000) (p =0.000) (p = 0.000) (p = 0.000) (p =0.002)

The amount of all nutrients (nitrogen, phosphorus,
potassium, calcium, and magnesium) supplied by
Calliandra increased significantly from the first year of the
experiment (2016-2017) to the second year (2017-2018)
(Fig. 6). the dry air consists mainly of noble gases, oxygen
(21%) and nitrogen (78%). Thus, Calliandra contracts a
symbiosis with a bacterium of the genus Rhyzobium to
form the nodules, thus allowing privileged access to
nitrogen from the air.

These bacteria have an enzyme, nitrogenase,
which enables them to fix atmospheric nitrogen and
transform it into NH4+ that can be directly used by the
plant. This enzyme is irreversibly inhibited by oxygen,
which is why the bacteria work anaerobically. Once the
bacterium is installed in the nodules, the legume will trap
the oxygen near the bacterium's nitrogenase to avoid an
accumulation or an increase in O2 pressure.
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3.1.5.2. Quantities of nutrients supplied by Senna
spectabilis

Leguminous trees and shrubs contribute to
maintaining soil fertility through nitrogen fixation. The
high nitrogen production of Senna spectabilis, which does
not nodulate, with a value of 259.30 kg/ha is very
interesting. When Senna litter is used to enrich the soil in
our agrosystem, the number of nutrients supplied increases
considerably from year to year. For example, in 2016-
2017, with a litter of 9.25 tons/ha, the amount of nitrogen
is 192.76 kg, phosphorus is 6.76 kg and potassium is 76.82
kg.

In the second year of the experiment, 2017-2018,
the increase in nitrogen was 66.54 kg, the increase in
phosphorus was 2.38 kg, the increase in potassium was
26.05 kg, the increase in calcium was 41.39 kg and the
increase in magnesium was 8.99 kg (Table 6). The number
of nutrients supplied by senna varied from 6.76 to 192.76
kg/ha for phosphorus and nitrogen, respectively, between
2016 and 2018.
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Fig.6: Amount of nutrients provided by Calliandra

Table 6: Average annual amounts of nutrients supplied through Senna litter at Mbankomo, 2016- 2018

N (kg/ha) P (kg/ha) K (kg/ha) Ca (kg/ha) Mg (kg/ha)
2016 - 2017 192.76 £ 0.49 6,76 £ 0.06 76.82 £ 0.48 122.44 + 0.58 27.01+0.86
2017 - 2018 259.30 £ 1.06 9.14 £ 0.06 102.87 £ 0.64 163.83 £ 0.03 36.00 + 0.61
t- student t=-149.15 t=-37.32 t=-144.50 t=-118.78 t=-42.76
(probability) (p =0.000) (p =0.001) (p = 0.000) (p =0.000) (p =0.001)

The amount of all nutrients provided by senna spectabilis increased significantly between the years 2016 - 2018 (Figure7)
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Fig.7: Amount of nutrients provided by Senna
3.1.5.3. Effects of tree legumes on soil fertility heavily on good natural soil fertility. Damaged and
3.1.5.3.1. Effects of tree legumes on soil fertility weakened soils can no longer provide the services
in the first year expected of them. Soil fertility must be carefully

maintained and sustained over a very long period. Soil
fertility is both an ecological and biological process. Soil is
inhabited by a huge diversity of microorganisms, animals,
and plant roots. Fertile soil can provide healthy and

Improving soil fertility is a fundamental value for
agriculture. But too little attention has been paid to the
conservation of fertile soils. Organic farming depends
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abundant crops for generations with little or no need for
chemical fertilizers, plant protection products, and energy.

In healthy soil, the living organisms that inhabit it
efficiently transform organic matter, build humus, protect
plants against diseases and make the soil lumpy, a very
suitable structure for agricultural soils because soil with a
lumpy structure is easy to work, absorbs rainwater well
and is effectively resistant to slaking and erosion. Our
experimental field consists of three separate plots. The first
is the control plot in which yams were planted without
nutrients and had no association with legumes.

The mineral elements were observed before
planting. In the first year in the control plot, at a depth of
0-15 cm, a pH of 4.31 is noted. The quantity of ions is 0.97
C mol (+) kg-1 for calcium, 0.45 C mol (+) kg-1 for
magnesium, 0.22 C mol (+) kg-1 for potassium, and 0.013
C mol (+) kg-1 for sodium. The cation exchange capacity
is 5.32 C mol (+) kg-1. Organic carbon is 1.42%, and total
nitrogen is 0.130%. The C/N ratio is 10.92 (Table 7).

The permanent presence of leguminous shrub
species that form microenvironments is considered as
indicator of fertility islands. Thus, in the Calliandra plot,
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which is our second experimental plot, still, at a depth of
0-15 cm, a pH of 4.87 was evaluated. The value of the ions
is 2.83 C mol (+) kg-1 for calcium, 1.52 C mol (+) kg-1 for
magnesium, 0.27 C mol (+) kg-1 for potassium, 0.015 C
mol (+) kg-1 for sodium. The cation exchange capacity is
7.22 C mol (+) kg-1.

An improvement in mineral elements can be
noted thanks to the legumes introduced into the plot. In
addition, the shrub Senna spectabilis has an equally high
and significant fertilizer potential. Thus, at a depth of 0-15
cm, in the Senna plot representing the third plot, before the
planting of yams in the first year, the mineral elements
increased, as did the pH, the cation exchange capacity, and
the C/N ratio, whose values are respectively 4.97, 8.39 and
10.29. This shows an improvement in soil fertility.

Thus, in the first year of the experiment, all the
mineral elements of the soils collected in the Calliandra
and Senna plots are significantly (p > 0.05) different
compared to the soils of the control plot. However, the
C/N ratio of the control plot is very high (10.92) compared
to that of the Calliandra plot (10.60) and the Senna plot
(10.29)

Table 7: Impact of legumes on soil fertility

Year Plot Depth | PH Ca Mg K Na CEC |C N CIN
(cm) eau org total
Cmol (+) /kg
Year1 | control 0-15 431+ | 097+ | 046+ | 023+ | 001+ |536+|142+ 013+ |1092+
0.01* | 0.01* | 0.01* | 0.022 0.00* | 0.04* | 0.01* | 0.00? 0.01°
Calliandra 0-15 490+ | 286+ | 155+ | 028+ | 0.02+ | 727+ | 187+ | 016+ | 1060+
0.04° | 0.04° | 0.04*> | 0.02% | 0.00° |0.07° |0.02° | 0.03* | 0.08
Senna 0-15 497+ | 302+ | 169+ | 037+ | 002+ |839+ |185+ |0.18+ |10.29«
0.02° | 0.04¢ | 0.05° | 0.07® | 0.00° |0.05¢ |0.04° |0.00° | 0.16

Values are expressed as mean + standard deviation (n = 3). Values with the same letter in the same column in the same year

are not significantly different (p > 0.05)

3.1.5.3.2. Effect of tree legumes on soil fertility in the
second year

The introduction of tree legumes in the
experimental plot showed a significant increase in soil
mineral elements in the second season. When observing
the evolution of mineral matter in the control plot after
harvest, it is important to note that the pH decreased by 1.
In this context, acidification of the control plot is noted.
The other minerals also underwent a reduction in their
proportions: 0.2 C mol (+) kg-1 for calcium, 0.1 C mol (+)
kg-1 for magnesium, 0.1 C mol (+) kg-1 for potassium,
0.03 C mol (+) kg-1 for sodium, 2 C mol (+) kg-1 for the
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cation exchange capacity. Only the C/N ratio increased by
0.28.

In the Calliandra plot, a significant increase in the
mineral matter was observed. This increase varies between
0.015 C mol (+) kg-1 and 9.22 C mol (+) kg-1 (Table 8).
The regular addition of shrub pruning products on the
reclaimed plots improves the soil pH. The pH of the soil
increased from 3.31 in the control plot to 5.87 and 6.02 in
the plots enriched with tree legumes. Furthermore, the
cation exchange capacity increased by 6.53 C mol (+) /kg
and the C/N ratio was around 10 in the Calliandra and
Senna plots.
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Thus, tree legumes affect soil properties. The soil during
our experiment

Our experiment showed a clear improvement in the
mineral content (Ca, Mg, K, Na) in the plots enriched with
woody legumes compared to the control plot. The pH also
increased from one year to the next in the leguminous plots
and decreased in the control plot.

It can therefore be said that in the second year of
the experiment, all the mineral elements measured were
significantly (p > 0.05) higher in the soils collected from
the Calliandra and Senna plots compared to the soils
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collected from the control plot. However, there is a
significant difference in the soils from the Calliandra plot
and the Senna plot except for the total N and C/N ratio
where there is no significant difference between these two
legume-enriched plots. The litter brought to the soil after
pruning the shrubs is mineralized by soil microorganisms
(bacteria, fungi, actinomycetes), thus providing the crops
with the mineral elements they need for the hydromineral
nutrition of the crops grown.

Table 8:Improvement of mineral elements by tree legumes (Cmol (+)/kg

Year Plot Depth PH Ca Mg K Na CEC C N C/N
(cm) eau org total
Cmol (+) /kg
Year 2 | control 0-15 331+ | 077+ | 035+ [0.12+ | 0.01+ | 332+ | 1.20+ | 0.37% 11.69 =

0.01* | 0.01* | 0.01%

0.01% 0.00* | 0.01* | 0.02* | 0.46° 0.42°

Calliandra 0-15 588+ | 224+ | 133+ | 021+ | 001+ |993+ 198+ | 019+ | 10.20+
0.01° |0.01® |[0.02> |0.01° 0.00¢ | 0.01°> |0.01> | 0.00 0.112
Senna 0-15 6.04+ | 254+ | 147+ | 031+ | 0.02+ | 987+ | 203+ | 020+ | 10.15+

0.03¢ | 0.03° | 0.03°

0.03¢ 0.00® | 0.03° |0.03° |0.00 0.10?

Values are expressed as mean + standard deviation (n = 3). Values with the same letter in the same column in the same year

are not significantly different (p > 0.05)

3.1.5.3.3. Effects of tree legumes on yam growth.

3.1.56.3.3.1. Growth of the aerial system of yam in the
different plots

During our experiment in the first year, on the 10
yam plants studied in the 190 planted on the control plot,
three phases were obtained: the accelerated phase, the
linear phase, and the slowing down phase for 63 days and
the following results were obtained: in the accelerated
phase, 4.9 m in length was obtained for 21 days. In the

linear phase, the length achieved was 20.1 m in 33 days
while in the slow phase, the growth was zero. The
following year (2017-2018), differential growth of -1.1 m
at the accelerated phase and -1.7 m at the linear phase was
achieved in 70 days with a lift occurring after 37 days.
This situation reflects degradation of soil fertility in
Mbankomo (Table 9)

Table 9: Growth of all the aerial axes of Dioscorea cayenensis on the control plot

year Number of | Survey (days) | Accelerated phase Linear phase Slow Total

plants phase duration
(days)
2016- 10 D (j) LR(m) D (j) LR(m) | D))
2017 3542 2143 |49+12 |33x7 | 201 9+6 63+7
37+211 3,9
2017- 10 23+ 38+0,92 |35+ 18,4 + 12+38 70+8
2018 3,2 7,42 35

The Calliandra plot on our farm during the study period
shows that of the 10 yam plants studied out of 190 planted,
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emergence occurred after 33 days in the first year, with the
growth of 5.2 m in the accelerated phase and 25.1 m in the

111


https://dx.doi.org/10.22161/ijeab.82.10

Djakou et al.

linear phase in 58 days. In contrast, from 2017 to 2018, the
following lengths were measured: 6.1 m in the accelerated
phase and 26.5 m in the linear phase, i.e. an overall growth
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of 32.6 m during 53 days (Table 10). In the Calliandra
plot, the vegetative cycle varies from 195 to 180 days,
characterized by an emergence lasting one month

Table 10: Growth of all the aerial axes of Dioscorea cayenensis on the plot with Calliandra

year Number of | Survey (days) Accelerated phase Linear phase Slow Total

plants phase duration
(days)
2016- 10 D (j) LR(m) D (j) LR(m) | D)
2017 33+1,8 20 + 52+1,27 |30+ 251+ |8%533 58 £ 5
30 1,79 2,85 6,36 4,87
2017- 10 18 + 6,1+£149 | 28+ 26,5+ 7+4,26 53+3
2018 2,57 5,93 514

In the Senna plot, of the ten yam plants studied,
emergence occurred one month after planting in the first
year of the experiment. The accelerated phase lasted 20
days, the linear phase 28 days, and the slow phase 7 days.
The lengths reached during these different phases were 5.6
m for the accelerated phase, 25.8 m for the linear phase. In

2017-2018, the lift occurred after 28 days with the
accelerated phase lasting two weeks, and the linear phase
25 days. The total duration of days was 55 days in the first
year of the experiment and 45 days in the second year
(Table 11)

Table 11: Growth of all the aerial axes of Dioscorea cayenensis on the plot with Senna

year Number of | Survey (days) Accelerated phase Linear phase Slow Total

plants phase duration
(days)
2016- 10 D (j) LR(m) D (j) LR(m) | D(j)
2017 32+174 |20+ 56+1,36 | 28+ 258+ | 7+4,66 55+ 4
28 + 1,67 2,85 5,93 5,09
2017- 10 15+ 7,05+ 25+ 29,4 + 5+3,32 45+ 2
2018 2,14 1,74 5,29 5,70

The observation of emergence frequencies shows
a general tendency for emergence to be faster on a plot
with legumes than on a plot without fertilizing shrubs.

3.1.5.3.3.2. Parameters for the end of yam growth on the
different plots

From the general observation of yam growth, it
can be noted that the aerial axis in the control plot between
2016 and 2017 reached a length of 27.8 m while the main
axis had 5.6 m and produced 636 leaves during its
vegetative period. From planting to drying out, it took
about 214 days. In the second year, the observation period
lasted 234 days, i.e. from planting to drying out, and the
following lengths were measured: length of the aerial axes
24.7 m, length of the main axis 4.01 m with a total number
of leaves of 512 (Table 12).

In the Calliandra plot, it is observed that the
aerial axis increased by 35.8 m during the 2016-2017 crop
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year. The main axis reached an average length of 7.6 m
and provided 797 leaves during its vegetative period.
During the same period, the growth stoppage to
desiccation was found to be 104 days. From senescence to
desiccation was 30 days. The time from planting to
desiccation is 195 days.

During the second year of the experiment, a
differential evolution of some of the end-of-growth
parameters of Dioscorea cayenensis was noted. The length
of the main axis increased by 1.2 m, the length of the aerial
axes by 2.7 m, and the number of leaves increased by 109
compared to the first season. Growth arrest to desiccation
lasts about 97 days while senescence before desiccation is
28 days. Finally, the vegetative cycle of Dioscorea
cayenensis of 180 days (Table 13)
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Table 12: End of growth parameters of Dioscorea cayenensis on the control plot

Year End of growth parameter No growth Vegetative
cycle
Length of Length of Total Number of D (d) of Senescence Duration
the air axis the main number of leaves of the stopped of | before drying planting to
(m) axis (m) sheets main axis growth at out (J) drying out (J)
drying out
2016-2017 | 27,8+43 56+0,5 636 + 131 96+ 11 115+ 11 38+15 214 +9
2017-2018 | 24,7+3,82 | 4,01+£0,35 | 512 +105 81+9 127+ 12 41+16 23410
Table 13: End of growth parameters of Dioscorea cayenensis on the Calliandra plot
Year End of growth parameter No growth Vegetative
cycle
Length of Length of Total Length of the Length of the Total number
the air axis | the main number air axis (m) main axis (m) of sheets
(m) axis (m) | of sheets
2016- | 35,8+583 | 7,6 +0,67 797 £ 105+ 12 104 + 10 30+12 195+8
2017 164
2017- | 38,5595 | 8,8+0,78 906 148 + 17 97+9 28+11 1807
2018 186

During the 2016-2017 season, it was observed at
the end of the growth of Dioscorea cayenensis that the
average length of the aerial axes was 36.05 m while the
main axis was 7.9 m long. The average total number of
leaves was 806 per plant on the Senna enriched plot. The
duration from growth arrest to desiccation was noted to be
98 days. During this time, senescence before desiccation is
observed, which is 28 days. It can therefore be concluded
that the vegetative cycle of this crop is approximately 181
days (Table 14).

In the second season of 2017-2018, a differential
increase in growth was observed in the length of the aerial

axes, which is 4.05 m. This growth is also reflected in the
main axis, which is 1.6 m. The average number of leaves
increases from 806 to 980 leaves, with a reduction in the
cessation of growth at drying out, which is one day. In
terms of senescence before drying out, the duration has
also decreased by one day. There was also a regression of
the vegetative cycle by eleven days. The use of Senna in
the experimental plot has shown its effectiveness in
enriching the plot and in the evolution of our crop, which
has increased the growth and reduced the vegetative cycle
of Dioscorea cayenensis.

Table 14: End of growth parameters of Dioscorea cayenensis on the Senna plot

Year End of growth parameter No growth Vegetative
cycle
Length of the | Length of Total Length of the Length of the Total number
air axis (m) | the main | number air axis (m) main axis (m) of sheets
axis (m) | of sheets

2016- | 36,05+5,87 79+ 806 + 110+ 98 +9,42 28+11,2 181 +7,47

2017 0,69 165,85 12,57

2017- | 40,1+6,19 9,5+ 980 + 158 + 97+9 27 +10,60 170 + 6,61

2018 0,84 201,19 18,19

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.82.10

113


https://dx.doi.org/10.22161/ijeab.82.10

Djakou et al.

Using the two legumes Calliandra calothyrsus
and Senna spectabilis as soil fertilizers in our experimental
plot for the cultivation of our specimen Dioscorea
cayenensis, a difference in the growth of this yam variety
was noted. The plot enriched with Senna appears to have
the highest productivity with differences of 0.25 m in the
aerial axes, 0.3 m in the main axis, 9 in the total number of
leaves, and 5 in the number of leaves on the main axis.

A reduction of 6 days from growth arrest to
desiccation is observed when using the Senna species. 2
days of reduction of senescence before desiccation and
finally a reduction of the vegetative cycle of 14 days when
using the latter species mentioned above in the first crop
year. In the second crop year 2017-2018, there is no
significant difference in the evolution of the late growth
parameters. On the other hand, it is observed that the
parameters of the cessation of growth at drying up are
similar and remain limited to 97 days. (Table 15).

The litter provided by the tree legumes
contributes to feeding the soil microorganisms. Living soil
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rich in microbial diversity allows crops to withstand
various abiotic and biotic stresses. Thus, the production of
molecules such as salicylic acid or exopolysaccharides by
soil microorganisms allows plants to fight against water
deficit and pathogens. This agricultural practice aims to
provide shelter and food for microorganisms and more
generally for soil life. This creates a favorable environment
for maintaining a good soil structure with good organic
matter levels and therefore better plant growth.

Another stress adaptation aid provided by
rhizosphere microorganisms is the production of the
enzyme AAC-deaminase. This enzyme limits the
production of ethylene in plants and limits the effect of
various stresses. AAC-deaminase is an enzyme that
degrades the AAC molecule, which is a precursor of
ethylene in the plant. Ethylene is a plant hormone that is
naturally produced in plants, but when it is produced in too
large quantities, often in response to various stresses, it can
be an accelerator of early senescence and death of the plant

Table 15: Comparison of the parameters of end of growth of Dioscorea cayenensis enriched with Calliandra and Senna

Year End of growth parameter No growth Vegetative
cycle
Length of | Length Total Length of the | Length of the | Total number
the air of the number air axis (m) | main axis (m) of sheets
axis (m) | main axis of
(m) sheets
Calliandra 358+ 76+ 797+ | 105112 104 £ 10 30+12 195+38
2016- 5,83 0,67 164
2017
Senna 36,05+ 79+ 806 + 110 + 98+9,42 28+112 181 +7,47
5,87 0,69 165,85 12,57
Calliandra 385+ 8,8+ 906 + | 148+ 17 97 +9 28+11 180+ 7
2017- 5,95 0,78 186
2018 Senna 40,1+ 95+ 980 + 158 + 97+9 27 £ 10,60 170 + 6,61
6,19 0,84 201,19 18,19

3.1.5.3.3.3. Crop production as a function of legume litter
quality

Legumes

The increase in livestock and crop production in
developing countries is a crucial issue not only for the
people of these countries but also for their governments.
The government of Cameroon intended to double its
agricultural production and export volume by 2015.
However, how food crops are grown influences their yield.
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This model is still extensive. When agricultural production
is done without fertilizers, as in the case of the control plot
where there are no legumes, production is 24 tons/ha in the
first year. On the other hand, using Senna as a fertilizer
shrub, production is 60.9 tons/ha. With Calliandra,
production is 52.6 tons/ha in the first year of the
experiment (Figure 8). By using tree legumes in our
experiment, the crop production doubles compared to the
control. The multiplication factor is 2.5 for Senna
spectabilis and 2.2 for Calliandra calothyrsus in year 1.
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M control
production
year 1

W Senna
production
year 1

H control
production
year 1

M Calliandra
production
year 1

Fig.8: Agricultural production in the first year of study.

(@) Agricultural production according to Senna ( b) Agricultural production according to Calliandra

Agricultural production has an economic, social,
and even political impact. The stability of food production
is precarious because of the progressive decline in soil
fertility in tropical areas, hence the itinerancy observed in
most Cameroonian peasantry in general and in Mbankomo
in particular. This is in search of new cultivable land. From
one year to the next, in our experiment, agricultural

production decreased by 5.9 tons/ha in the control plot in
the second year of our experiment. However, at the same
time, i.e. in year 2, crop production increased steadily in
the plots enriched with tree legumes. Senna spectabilis,
gave a 4-fold increase in crop production compared to the
control plot and Calliandra calothyrsus gave a 3.5-fold
increase (Figure9).

M control
production year
2

M Senna
production year
2

a

H control
production
year 2

M Calliandra
production
year 2

Fig.9: Agricultural production in the 2" year of study.

(@) Agricultural production according to Senna (b) Agricultural production according to Calliandra

Evaluation of tree legume species for tree rows indicates
that Calliandra calothyrsus Meisn and Senna spectabilis
HS are well suited for our study area. The use of tree
legumes, notably Calliandra calothyrsus and Senna
spectabilis, is effective in restoring soils depleted by over-
exploitation or erosion. Thanks to the cultivation of tree
legumes, this cultivation technique has succeeded in
increasing and stabilizing the productivity of degraded
land to a significant extent. In the context of improving
soil fertility, these species have also led to a significant
reduction in runoff and soil erosion. An increase in yam
tuber yields was then observed in both plots enriched with
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legumes. However, Senna is much more productive than
Calliandra in terms of crop production (Figurel0).

Nitrogen is a constituent element of chlorophyll,
whose gross formula is C55H7205N4Mg. Chlorophyll is a
pigment that is involved in photosynthesis. The more
intense the photosynthesis, the greater the production.
Plots enriched with tree legumes have seen an increase in
the amount of nitrogen incorporated into the soil. This
contributed to a consequent increase in yam yield in plots
enriched with leguminous shrubs.
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H Senna production
year 1

M Calliandra
production year 1

Senna production
year 2

H Calliandra
production year 2

Fig.10: Comparison of total agricultural production by
type of tree legumes

3.2. Discussion

The use of tree legumes in yellow yam production
was intended to optimize the yield of this crop while
improving soil fertility. However, this study had some
constraints and limitations. The constraints are related to
the time allocated to the study due to academic
requirements. This made it possible to conduct the
research within a short time frame and to obtain
appreciable results. In addition, the scarcity of seeds did
not allow for the establishment of a large-scale
experimental farm that would allow for a better
appreciation of the fluctuations in yam growth dynamics.
Nevertheless, this constraint has made it possible to
methodically monitor the vegetative cycle of this crop
while collecting the data necessary for the development of
this work. On the other hand, agroforestry techniques were
the subject of some research in the 1980s and 1990s. This
period does not offer recent results to enrich and compare
our results with theirs covering the same period. However,
this work has made it possible to update the knowledge
related to this cropping technique and to add value in
terms of improving yam vyields and conserving soil
biodiversity and fertility.

Soil fertility management is essential for
improving and maintaining agronomic and biomass
productivity. Nutrients removed from crops (i.e., cereals,
roots and tubers, canes, fruits, and wood) must be replaced
to ensure that the soil's innate nutrient capital is not
eroded. Intensively managed agroecosystems are only
sustainable in the long term if the production of all
components is balanced by appropriate inputs, the number
of nutrients needed to achieve the desired yield can be
achieved through the use of legumes. The growth of tree
legumes is not homogeneous in the experimental farms of
Mbankomo locality because the growth of these legumes
was a function of the soil, the volume of rainfall, and also
the state of sunshine. This result shows a difference from
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the work done by [27] who observed a homogeneous
growth using biological fertilizers. Furthermore, for the
germination and growth of Calliandra and Senna, no
fertilizer was applied to facilitate or accelerate their
growth. This work is different from that of [28] who used
rhizobial and mycorrhizal biofertilizers to facilitate the
germination and growth of Pericopsis elata. The use of
tree legumes no longer requires additional expenditure for
the purchase of any fertilizer to boost their growth, this
contributes to making economic gains.

An increase in dry matter yields and the chemical
composition of the foliage was observed, which determine
the number of nutrients incorporated into the soil. Nitrogen
addition increased after each year. Calliandra and Senna
can be considered better nutrient providers. This result is
not similar to the one obtained by [29] where Calliandra
provided low amounts of dry matter, i.e., 3.37 tons/ha and
Senna 4.04 tons/ha. This different result is explained by
the fact that the environment where their experiments were
carried out was in a semi-arid zone with poor soil (Organic
carbon = 8 g.kg-1, Total nitrogen = 0.75 g.kg-1, Bray 11
phosphorus = 8 mg.kg-1 PH water = 5.52, Exchangeable
calcium = 13.0 m mol .kg-1, magnesium = 8.0 mmol.kg-1
and potassium = 4.9 m mol .kg-1). Despite these different
results, legumes can be adapted in almost all ecosystems
and give satisfactory results because the regular addition of
legume litter even on nutrient-poor soil improves its
fertilizing potential.

The dry matter yield of the shrubs and the chemical
composition of the foliage determine the number of
nutrients added to the soil. The addition of nitrogen varied
from 183 Kg/ha to 260 Kg/ha. The best nitrogen provider
was Senna spectabilis. These results are different from
those of [29]. This difference can be explained by the fact
that the soils were infertile, acidic, and nutrient-poor, as
there is a relationship between the soils and the adaptation
of the trees and shrubs on these soils. On the other hand,
our results are similar to those of [30], [31], [32] as they
were obtained under the same environmental conditions in
sub-humid regions.

Shrub legumes recycle soil nutrients by supplying
the soil with organic matter through litter, which varies
from 8.46 tons/ha to 12.6 tons/ha. These results are
different from those of [33]. They showed that a forest
fallow was more effective than a leguminous or
herbaceous cover in recycling nutrients and enriching the
soil with organic matter. Traditional farmers in Africa in
general and in Cameroon in particular kept some tree
species on their land that would help the soil regenerate
during the fallow. These include Alchornea cordifolia,
Acioa barterii, Anthonata macrophylla, Harungana
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madagascariensis, Dialtum guineense, Crestis ferruginea,
and Nuclea latifolia on acidic soils [34], [35] and
Gliricidia sepium on alkaline soils [36], [37]. However,
efforts should be made to increase the efficiency of the
fallow with tree species such as tree legumes that can
accelerate the nutrient accumulation process and enrich
and preserve soil organic matter. Calliandra and Senna
accumulate more calcium and magnesium compared to the
control plot.

Tree legumes release high amounts of nitrogen at
six-meter row spacings and 50-cm plant spacings.
Calliandra and Senna released 236.81 Kg/ha and 260
Kg/ha of nitrogen respectively. These results differ from
those obtained by [31], [32] in that leguminous species and
associated farming techniques showed that legumes such
as L. leucocephala and G. sepium, planted in hedgerows
for alley cropping purposes, only released high amounts of
nitrogen if the shrub rows were very narrow. Separated by
rows 4 m wide and after five annual prunings, Leucaena
and Gliricidia have grown on degraded alfisol producing
about 210 and 110 kg of nitrogen per hectare per year,
respectively. [38] showed that nitrogen production could
be further increased by pruning the trees to higher levels
and by less frequent pruning of the parts that produced a
large amount of biomass. The higher the amount of litter,
the higher the number of nutrients added to the soil.
However, Senna spectabilis, which does not nodulate,
produced more nutrients than Calliandra. The high
nitrogen production of 192.76 Kg/ha in 2016-2017 and
260 Kg/ha is very interesting. It seems that the root system
of tree legumes recycles nutrients released from
weathering rocks in the B/C or C horizons [39]. Under the
growing conditions in our study area, the average annual
amounts of nutrients added to the soil through the leaves
of the legumes increased. This plant material restored the
soil with large amounts of nitrogen, phosphorus, and
potassium. Thanks to tree legumes, the use of synthetic
chemical fertilizers will be reduced and farmers will no
longer be dependent on synthetic fertilizers which are
more expensive, destroy the soil and deteriorate the quality
of the crops.

If nutrient additions were made to the plots, it
should be noted that yam production was positive on our
farm because yam cultivation exports quantities of
nitrogen and potassium according to [40]: This shows that
the harvest of one ton of fresh yam tubers exports 3.5 kg of
nitrogen, 0.39 kg of phosphorus and 4.2 kg of potassium.
The increase in the litter is explained by the fact that after
pruning, several shoots are formed and therefore the leaf
biomass is increased. This result is different from the work
of [41]. According to the results of their trials in Machakos
district, dry matter yields for Leucaena were about 1.5
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kg/tree per season with an average row spacing of 0.62 m
and a row spacing of 3.5 m. The production per hectare of
leaves per season was thus approximately 6,900 kg,
distributed over a cultivated area of 6,600 m2 (one-third of
the total area being occupied by hedges), this quantity
allowed an application rate of approximately 1 kg/ma2.
Thus, tree legumes help to compensate for nutrient losses
due to crop exports and conserve soil organic matter.

Planting tree legumes in agrosystems help to
maintain soil fertility through nitrogen fixation and
nutrient recycling, preserves a reasonable amount of
organic matter in the soil, allow the provision of mulch to
protect the soil and control water infiltration, runoff and
erosion, provision fuelwood, provision of stakes and
woody materials for commercial use, provision of browse
or fodder, with fallow limited to narrow corridors, thus
saving land and allowing either continuous cropping or
cropping interspersed with very short fallow periods. This
result is different from that of [18]. In their work, they
used the litter of species such as Annona senegalensis,
Parkia Biglobosa, and Terminalia macroptera whose
leaves were collected from under these trees and cut into
fine particles before burial in the soil. The use of off-farm
fertilizers includes transport and spreading costs, which
affect production costs. On the other hand, the use of tree
legumes contributes to the long-term practice of
agriculture. One can farm the same plot for a very long
time and have good results. These results are different
from those of [42] who farmed for 20 years. This
experiment contributes to permanent cultivation without
fallow and during the same time the forest massif, which
was already more than 60% degraded, is progressively
reconstituted.

Yam vyields increase strongly with the level of
nitrogen and organic matter in the soil. The plot that
enriches the soil with organic matter and nitrogen produces
the highest yam yield. Indeed, the essential characteristic
of legumes is their ability to symbiotically fix nitrogen
through Rhizobium bacteria, enriching the soil with
nitrogen. This result is similar to those obtained by [39],
[43], [44] who confirmed the importance of the organic
matter and nitrogen produced by leguminous trees and
shrubs in improving soil fertility and agricultural yields.

However, it differs from those of [45] who showed
that the fertility test of yam plots showed the superiority in
yield of A. mangium (8.83 t/ha) and A. auriculiformis (5.22
t/ha) fallows over the natural Chromolaena odorata fallow
which gave the lowest yields (2.67 t/ha). Shrub legumes
increased the yields of the traditional Dioscorea
cayennensis variety. Yield differences varied between
treatments. Total yam production in our experimental plots
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during the study period ranged from 18.1 tons per hectare
to 70 tons per hectare. These results are different from
those obtained by [46], [47]. Their average annual
production of the yam Dioscorea cayennensis rotundata
was 13062.5kg/cultivator or an overall average yield of
5160.5kg/ha. The difference in yam production in our
study area and some West African countries is justified by
the fact that our yam production technique was associated
with the use of tree legumes which are plants with high
soil enrichment potential. [49] obtained a yield of 8 to 15.5
tons of yam with mineral fertilization of 280 kg/ha of NPK
(15 15 15) and 580 kg/ha of NPK (15 15 15). The
observed difference in yield between the fertilization
levels is very small to conclude from an optimal fertilizer
dose. Our yields are well above the estimated world yields
of 9.1 tons per hectare in 2003 (www.gret.org.). Yam
production has exploded on the African continent since the
1980s (http://spore.cta.int).

Thus, our cultivation practice can be considered as a
means of effectively combating the poor productivity of
the soils in the South Cameroonian plateau because by
using tree legumes, production is multiplied by 3 or 4.
This result is similar to that of [36] who used Gliricidia
sepium litter for yam fertilization. Furthermore, the
seedling variety used in our experiment was the traditional
variety and not the improved variety. The production
would have had a significant margin of improvement not
only with this cultivation practice but also by using the
improved varieties. For example, [48] estimated that the
use of improved varieties under rational farming
conditions could result in annual production of about 140
t/ha of yams. Increasing crop yields is a challenge for
agriculture in the 21st century as the area available for
cultivation is shrinking and becoming scarce while the
population is expanding. Tree legumes are an alternative to
synthetic fertilizers that further impoverish farmers and
degrade the quality of their environment.

V. CONCLUSION

The need to establish agricultural practices and
land management methods capable of enhancing and
maintaining soil fertility in the long term in the southern
Cameroonian plateau is a major challenge. The objective
of this study was to show the contribution of tree legumes
to the production dynamics of yellow yam in the southern
plateau of Cameroon. Soil fertilization using the litter of
shrub legumes increased the yields of the local variety of
Dioscorea cayenensis without changing its taste. This
technique can be seen as a means of combating poor soil
productivity in equatorial regions.
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The difference in yields observed between the
treatment levels is sufficiently large to conclude that the
introduction of tree legumes into agrosystems is important
for boosting agricultural production and improving the
living standards of rural populations. Moreover, these
results do not only concern the increase in yields, the litter
of tree legumes also feeds the soil microorganisms for
good mineralization and an improvement of soil fertility
for sustainable and environmentally friendly agriculture.

Moreover, these results only cover two years and
three different sites, namely Eloumden I, Eloumden II, and
Ekoko. For better precision of the effects of each of the
tree legumes, the research could be carried out in various
agroecological zones of Cameroon with different
combinations of tree legumes.
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Abstract— Euphorbia hirta which is commonly known as “patikan kebo" is small herb which gives milky latex.
This study aims to determine the effect of E. hirta extract in reducing the intensity of leaf and fruit pest attacks on
cucumber plants Cucumis sativus Linn. The results of this study showed that all treatments with this extract were
able to suppress the intensity of pest attacks on cucumber plants and had a significant effect on reducing the
intensity of pest attacks on cucumber plants. The best concentration that can reduce the intensity of these pest
attacks is the treatment of 10% can reduce the intensity of leaf pest attacks on cucumber plants up to 4.64%. The
intensity of pest attacks on cucumbers only occurred in the control and 2% extract treatment with percentages of

damage intensity to cucumbers of 9.38% and 3.13%.

Keywords— extract, intensity, organic pesticide, pest attack, percentages

I.  INTRODUCTION

Cucumber is one type of fruit vegetable that has many
benefits and uses, including as a food ingredient, medicinal
ingredient, and cosmetic ingredient. Based on data obtained
from the Badan Pusat Statistik (2020) cucumber production
in Indonesia from 2015 to 2020 has experienced
fluctuations in productivity, 447,696, 430,218, 424,917,
433,931, 435,975, and 441,286-ton ha!, meanwhile,
cucumber production in South Borneo from 2019 to 2020
has decreased in productivity, 4,680 and 4,290-ton ha™'. The
decrease in cucumber production can be caused by several
factors and one of them is attack by pests and plant diseases.

Pest attacks on cucumber plantings can result in decreased
productivity of cucumber plants both in terms of quality and
quantity, if these pest attacks are not controlled, they can
make farmers suffer losses and even crop failure. Pests that
are often found on cucumber plants are caterpillar pests
(Diaphania indica), Aulacophora sp., Bemisia tabaci,
Epilachna sp., leafminer flies (Liriomyza spp.), and fruit
flies (Bactrocera). The control used by farmers for pests
that attack cucumber plants uses chemical pesticides. The
use of chemical pesticides has many negative impacts on the
environment and humans.
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An alternative way to control pests on cucumber plants
without harming environmental and human health is to
utilize weeds that have the potential as insecticides. One of
the weeds that can be used is Euphorbia hirta. Research
results from Febrianti et al. (2021) showed that pesticides
from E. hirta can control mustard leaf pests, Plutella
xylostella L. (Lepidoptera: Plutellidae). According to
Situngkir (2018), the secondary metabolites found in E.
hirta are tannins, saponins, flavonoids, alkaloids, and
steroids, extract can control armyworms (Spodoptera litura
L.) because these secondary metabolites can be poison to
the stomach or contact poison to the larvae. To determine
the effect of giving extract E. hirta in reducing the intensity
of leaf and fruit pest attacks on cucumber plants (C. sativus).

Il.  MATERIAL AND METHODS

The research was carried out from February 2022 to May
2022, in Sungai Kupang Village, Kandangan District, Hulu
Sungai Selatan Regency, South Borneo, and at the Basic
Laboratory of FMIPA, Lambung Mangkurat University,
Banjarbaru. This study used a completely randomized
design with 1 factor, namely the concentration of organic
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pesticide, which consisted of 7 treatments, with 4
replications so that there were 28 experimental units. So all
the plants used are 56 plants in the form of:

KA = Water control (without treatment)

KM = Chemical control of the active ingredient
abamectin concentration = 0.1 ml + 49.9 ml of
water

= Extract E. hirta 2% (1 ml + 49 ml water)
Extract E. hirta 4% (2 ml + 48 ml water)
= Extract E. hirta 6% (3 ml + 47 ml water)
= Extract E. hirta 8% (4 ml + 46 ml water)
E = Extract E. hirta 10% (5 ml + 45 ml water)

2.1. Research Implementation

O 0O w >
1]

2.1.1. Preparation of Planting Media

The planting medium for cucumber plants is soil mixed with
chicken manure. The soil and chicken manure are stirred
and mixed evenly with a 1:1 ratio using a hoe, then put into
the experimental polybag, then given a name using a marker
according to the name of the treatment. The experimental
poly bags used were 56 pieces with a polybag diameter of
20 cm. The ready poly bags were then placed in the
experimental field at a distance of 30 x 40 cm.

2.1.2. Direct Investment

Plant the cucumber seeds directly into the planting holes
that have been perforated in the previous polybag, which is
approximately 3 cm deep with 2 seeds per planting hole then
cover the planting holes that have been filled with cucumber
seeds using a pinch of rice husk and cover it with banana
stems for a few days until the cucumber plants have 2-3
leaves.

2.1.3. Maintenance

Plant maintenance during the implementation of the
research included watering the cucumber plants every day
in the morning and evening if there was no rain, weeding
done on weeds or other disturbing plants that grew around
the cucumber plants, applying E. hirta extract, and
observations made every 4 days. Once as well as collection
of observational data.

2.1.4. Making Patikan Kebo Extract (Euphorbia hirta)

Making extract using the Febrianti et al., method (2021)
modified. The leaves and stems of E. hirta taken from the
field are cleaned of dirt with water and then drained and air
dried. The leaves and stems of the dried are chopped and
mashed using a mortar and blender. The leaves and stems
of e. hirta have been finely macerated by soaking the
powder in 96% ethanol solvent. The powder solution is
soaked for 24 hours at room temperature while occasionally
stirring with a stirring rod. The solution was filtered using a
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filter cloth and filtered again using filter paper. The filtered
filtrate is then evaporated with a rotary evaporator at a
temperature of 55°C until the extract is obtained. The
extract is ready to apply.

2.1.5. Fertilization

Fertilize cucumber plants using NPK fertilizer by sprinkling
the fertilizer around the roots of cucumber plants at a dose
of 40 g/cucumber plant, NPK fertilizer application starts
from plants aged 10 DAPs, and fertilization is done once a
week.

2.1.6. Installation of Bamboo Stake and Gawar Rope

Install a bamboo stake with a length of approximately 150
cm and a width of 3 cm next to the cucumber plants when
the cucumber plants are 14 DAP, then attach a gawar rope
so that the bamboo stakes support the plants more firmly.

2.1.7. Application of Patikan Kebo Extract (Euphorbia
hirta)

The application of the Euphorbia hirta was carried out by
spraying it on cucumber plantings using a hand sprayer with
a dose of concentration of extract, 15 ml in one repetition
for the total treatment. At the time of spraying, a barrier was
given in the form of a modified plastic and bamboo barrier
so that the spraying would not affect other plants. For the
treatment of E. hirta extract, 0.025 ml of adhesive was
added The application of the extract in the field was carried
out from cucumber plants aged 7 DAP at intervals of 4 days
until the plants were 51 DAP so that the application was
carried out 12 times.

2.1.8. Observation

Observations in this study included the intensity of pest
attacks on cucumber leaves and fruit as well as observations
of pest attack populations on cucumber plants. Observation
of the intensity of pest attacks on cucumber leaves was
carried out 13 times. Observation of pest populations was
carried out by observing the entire cucumber plant.
Observation of the intensity of pest attacks on cucumbers
was carried out from the beginning of harvest until the
plants were 55 DAP (Day After Planting). The number of
pest populations and types of pests that attack cucumber
plants are counted every time the observation. Observations
were made simultaneously with the application of E. hirta
organic pesticide, so observations and applications were
carried out on the same day. Cucumber harvesting is done
at the time of observation. The observed samples were 28
plants, a total of 56 test plants.

Leaf attack intensity is calculated by the formula (Minarno
& lka, 2011):

- (nxv)
5= x 100%
(zxN)

N=4
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Description:
IS = Attack intensity (%)

= Number of leaves indicating scale

>

= Score of damage

= Number of leaves observed

N Z <

= Highest score (4)

Table 1. Leaf damage score

Damage Score Information

0 0% leaf area affected/damaged
1 <25% of affected

2 > 25% — < 50% affected

3 >50% — < 75% affected

4 >75% — 100% affected

Observation of the intensity of attack on cucumber fruit is
calculated by the formula:

IS :%x 100%

Description:

IS = Attack intensity (%)

a = The number of infected fruit

b = The total number of fruits observed

2.1.9. Data analysis

The data obtained will be analyzed using Bartlett's
homogeneity test. If the data is homogeneous then continue
with Analysis Of Variance (ANOVA). If the results of the
analysis of variance have a significant effect, then proceed
with the average difference test with a BNT of 5% (Smallest
Significant Difference) to see the differences between
treatments.

I1l.  RESULT AND DISCUSSION
3.1. Observation of cucumber plant pests

The results of the observations showed that the pests that
attacked the cucumber plants and the symptoms they caused
were seen in the third observation (15 DAP). Pest attacks on
cucumber plants cause cucumber leaves to become
damaged such as rolling, wrinkled and with holes. Several
types of pests found attacking cucumber plants in this study
were caterpillar pests (Diaphania indica), Aulacophora sp.,
Bemisia tabaci, Epilachna sp., leafminer flies (Liriomyza
spp.) and fruit flies (Bactrocera). The main pests that
attacked cucumber plants at the time of the study were
caterpillar pests (D. indicates) with symptoms of damage
that can be seen in (Figure 1).
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D. indica attack occurred since the cucumber plants were 15
DAP until the end of the observation (55 DAP) and the pest
population increased as the age of the cucumber plants
increased but the population was still low. This is thought
to occur because all phases of cucumber plant growth are
favored by this pest and support for its breeding so that its
population continues to increase as the age of the cucumber
plants increases.

Fig 1. Leaf caterpillar pests (D. indicates) and the
symptoms of the attack

Aulacophora beetle or commonly known as “pumpkin
beetle™, attacks result in leaves becoming perforated, these
pests eat cucumber leaves by making circles on the leaves
and then eating them until they have holes. The eating
activity is very fast so the damage caused by their eating
activity is quite large. In the observations, there were 2 types
of Aulacophora pests (Figure 2). The results of the
identification showed A, similis (figure 2 a) and A. femoral
(Figure 2b) (Herlinda et al., 2020).

Fig 2. a. A. similis, b. A. femoral

Aulacophora beetle pest attacks occurred since the
cucumber plants were 15 DAP until the end of the
observation (55 DAP). According to Hasnawati (2019) the
greater the beetle population A. similis, the higher the
intensity level of the attack. An increase in the imago
population causes an increase in damage to cucumber
leaves.

Symptoms of leafminer fly (Liriomyza spp.), there are white
lines that are irregular or turning in the form of burrows on
the surface of cucumber leaves (Figure 3). This corresponds
to Bororinget al. (2015) who stated that leafminer fly larvae
(Liriomyza spp.) slit the leaves and make tunnels that turn
irregularly like a spiral and in the end the leaves become dry
and die.
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Fig 3. Symptoms of leafminer fly pests (Liriomyza spp.)

Symptoms of leafminer fly attack (Liriomyza spp.) began to
occur when the cucumber plants were 19 DAP, the attacks
of leafminer flies continued to increase as the plants got
older until entering the generative period the attacks began
to decrease or no additional incisions were found on the
cucumber leaves. This is presumably because the
population of pests on cucumber plants during the
vegetative period is high but when entering the generative
phase the population decreases.

B. tabaci infestation occurred when the cucumber plants
were 23 DAP. At the time of observation, this pest was often
found under the surface of the leaf on the leaf buds or on
young leaves. Symptoms of damage caused by whitefly
infestation are not visible or even non-existent because the
population on cucumber plantations is also very small.

Fruits that are attacked by fruit fly pests change color to
yellow-brown and the fruit flesh decomposes and there are
many larvae on the cucumber fruit. Initial symptoms are
marked by the appearance of small black spots from the
ovipositor puncture to lay eggs. Furthermore, due to the
activity of pests in the fruit, these stains develop and
become widespread. The fly larvae eat the flesh of the fruit
so that the fruit is rotten before it ripens until the fruit falls.
The most damaging fruit fly stage is the larval stage (Suputa
et al., 2006).

Javelin beetle (Epilachna sp.) attacks the leaves of
cucumber plants by biting the lower leaf surface so that the
symptoms of this beetle attack are visible on the leaves,
namely the presence of small holes (Figure 4).

Fig 4. Javelin beetle pests (Epilachna sp.)
3.2. The intensity of the cucumber leaf pest attack
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Pest attacks on cucumber plants were not found during the
first observation (7 DAP) before the plants were applied
extract and attacks were still not found during the second
observation (11 DAP), pest attacks on cucumber plants
began to appear during the third observation (15 DAP). The
percentage of attack intensity of cucumber leaf pests treated
with e. hirta extract was lower than that of the control plants
and the effect of giving extract was almost the same as that
of chemical pesticides. Flavonoids, alkaloids and
polyphenols which can prevent pests from approaching
cucumber plants. According to Samsudin (2008), the
content of bioactive compounds including saponins,
flavonoids, polyphenols, and essential oils prevent pests
from approaching plants (repellents) and inhibit the growth
of larvae into pupae. From the results of the last observation,
it can be seen that the higher the concentration of the extract
given, the stronger the attack intensity of cucumber leaf
pests will be (Figure 5).

The results of the analysis of variance showed that
the treatment of concentrations of organic pesticide with
extract had a very significant effect on the observed
intensity of leaf damage due to attacks by cucumber plant
pests. The results of observing the percentage of intensity of
attack on cucumber leaf pests in the last observation showed
that the highest damage percentage was in the KA
treatment, which was 8.08%, while the lowest damage
percentage was in the E treatment, which was 4.64%
(Figure 5).

*KA
T T T T T T T T T +KM
1- 72 3 % § 6 T & 9 10 11 12 13

Fig 5. The intensity of cucumber leaf pest attack on all
observations

After the LSD test was carried out in the vegetative phase
(observation 7), the KM treatment was significantly
different from the E, A, C, D, B, and KA treatments, while
the D treatment was not significantly different from the B
treatment but significantly different from the KM, E, A, C,
and KA can be seen in Table 2.

Table 2. LSD test in the vegetative phase
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Treatment Middle value
KM 2,91a
KA 3,40b
A 4,29¢c
C 4,95d
D 5.41
B 5,45e
E 7,91f

In the generative phase observation test results (last
observation) treatment E was significantly different from
treatments D, KM, C, B, A, and KA but treatment B was not
significantly different from treatment A but significantly
different from treatments E, D, KM, C and KA can be seen
in (Table 3).

Table 3. LSD test in the generative phase

Treatment Middle value
KA 4,64a
D 4,91b
KM 5,19c
C 5,70d
B 6,66 e
A 6,68e
E 8,08f

Giving extract to treatment E with a concentration of 5 ml
was the best concentration in suppressing the intensity of
pest attacks on cucumber leaves, which was 4.64%
compared to other concentrations with higher attack
intensity because at a concentration of 5 ml E. hirta extract
was the most effective concentration. height used. This can
occur allegedly because the higher the concentration of
extract applied, the more suppression of pest attacks on
cucumber plants. This is following the results of research
from Kholidi (2016) which states that the higher the
concentration of organic pesticide is given to a plant, the
less likely the plant will be attacked by pests, higher
concentrations of organic pesticide can suppress and inhibit
pest attacks in plants so that the rate of decline in production
in plants can be controlled. Toana (2007) stated that the
higher the concentration of the extract applied to the plant,
the more active ingredient content of the extract which can
be translocated to all plant leaves so that the plant is not
consumed by pests. This situation causes the intensity of
pest attacks on plants to decrease.
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The highest percentage of damage to cucumber plants due
to pest attacks was in the control treatment, this occurred
allegedly because in this treatment no pesticides were
sprayed either chemical or vegetable and only watered with
water so that pests could easily attack cucumber plants
because there was no protection or any toxic compounds to
prevent pest attack on control. According to Febrianti et al.
(2021), the high rate of damage to control plants is caused
by the absence of toxic compounds that can inhibit leaf-
damaging pests and the development of various pest
populations, as well as weather factors that support pest
development. E. hirta leaf extract caused rats to produce
more urine and more electrolytes (Abuarra et al., 2010).. E.
hirta exhibits galactogenic, anti-anaphylactic,
antimicrobial, antioxidant, anticancer, antifeedant, anti-
platelet aggregation and anti-inflammatory, aflatoxin
inhibition, antifertility, anthelmintic, antiplasmodial,
antiamoebic, antimalarial, larvicidal, and repellent and
antifeedant activities against Plutella xylostella (Kiran et
al., 2015). Diwan and Saxena (2010) [2] reported that 3%
of E. hirta leaf extracts shown 100 per cent mortality of
Callsobruchus chinensis

3.3. The intensity of attack by cucumber fruit pests

Treatments B, C, D, E, and KM were not attacked by pests
and there was no damage to yields in treatments A and KA
there was damage to the fruit where the intensity of damage
was in treatments A and KA by 3.13% and 9.38%.

Fig 6. a. Leaf caterpillar pests (D. indica), b. Rotten
fruit due to fruit fly attack (Bactrocera sp.)

Damage to cucumber fruit caused by fruit fly pests
(Bactrocera sp.)) where the fruit changes color to brownish
yellow and the fruit rots and in the fruit flesh many fruit fly
larvae are found while the fruit is attacked by caterpillar
pests (D. indicates) become holes or there are dry cracks on
the skin of the fruit and the fruit becomes abnormal.

IV. CONCLUSION

Euphorbia hirta is a tropical weed with an erect herb and
soft stem which usually grows in paddy field yards and
roadsides. Leaf extracts were prepared using extraction
methods of pressing, boiling, steeping, and macerating
extracts with ethanol solvents. E.hirta extract can be used
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as an organic pesticide because it has the effect of
suppressing the intensity of leaf and fruit pest attacks on
cucumber plants. The best concentration that can reduce the
intensity of pest attacks is 10% extract treatment.
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Abstract— Tractor fuel consumption is a vital parameter in management of farm machinery. Parameters
affecting tractor fuel consumption in litres per hectare(L/ha) during ploughing operation in Uyo was
investigated. The study was conducted at the University of Uyo teaching and research farm, Uyo in Akwa
Ibom State, Nigeria. The soil in the study location was characterized as clay loam. Effects of operation
parameters on fuel consumption for ploughing operation were investigated using One-Way Repeated
Measures Analysis of Variance. The findings of the study indicate that at <0.05 significance level,
operation parameters had significant effect on tractor fuel consumption during ploughing operation. The
study had identified factors affecting tractor fuel operation during ploughing operation in the study

location.

Keywords— Ploughing, parameters, tractor, fuel consumption, clay loam soil

. INTRODUCTION

Land preparation is one of the most energy consuming
operations in the field. Energy utilized in tillage is
governed by such factors as soil type and conditions, depth
of cut, operating speed and hitch geometry. Field practices
have shown that land development constitutes the major
cost of farm operation due to the high level of energy
expended during tillage. Fuel consumption plays a
significant role in the selection and management of tractors
and equipment (Oyelade and Oni, 2018). Two of the
common tillage implements in the South-South region of
Nigeria are the disc plough and disc harrow. Tillage
operations require the most energy and power spent on
farms (Al-Suhaibani and Ghaly, 2010).

Soil tilling, according to Oni (1991), is the most intensive
of all processes involved in crop production. Tillage of soil
is considered to be one of the biggest farm operations (Al-
Suhaibani and Ghaly, 2010). There are several tillage
implements used by farmers for seedbed preparation.
However, the selection of tillage implements to prepare
seedbed and weed control depends on soil type and
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condition, crop residues and weed type (Upadyaya et al.,
1984).

The use of tractors plays an important role in agriculture
(Mahmood and Gee-Clough, 1989). The application of
machines to agricultural production has been one of the
outstanding developments in agriculture. Tractors and farm
machinery are important sources of modern technology
(Singh, 2000., Xinan et al., 2005). According to Panam et
al., (2010), tractors are the fastest farm machines used by
farmers for tillage operations instead of human tools and
animal-drawn implements. Machinery contributes a major
capital input cost in most farm businesses.

The objective of this study is to identify parameters that
affect fuel consumption in tractors.

1. MATERIALS AND METHODS
Study Location

The study location for this research work was in the
University of Uyo in Uyo local government area of Akwa
Ibom state, Nigeria.
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Tractor and Tillage Implement

The specification of tractor used for the study is presented
in Table 1. Tillage implement used for evaluating the
parameters affecting tractor fuel consumption is 4-buttom
disc plough. Its specification is presented in Table 2

Table. I: Specification of Tractor Used

Specification Eicher 5660
Effective output (hp) 55

Type of engine 3-cylinder
Type of fuel Diesel

Front tyres (size) 7.50-16
Rear tyres (size) 14.9-28

Fuel tank capacity(L) 60

Country of manufacture India

Table. 2: Implements Specifications
SIN | Item

Disc plough

1 Type (hitching) Fully mounted

2 Number of bottoms/discs | 4

3 Type of disc blade Plane concave

4 | Disc diameter(cm) 48.7
5 Disc Spacing(cm) 53
6 Tilt Angle (°) 20

7 Implement width (cm) 129

8 Disc Angle(°) 45

9 Implement Weight(kg) 386

Soil Sampling and Experimental Procedure

At each of the sampling points, random spots were core
sampled and augured at 0-30 cm depth with the aid of a
dutch auger and bulked out to give a composite sample.
The soil samples from different sampling points were, on
each occasion, collected in polyethylene sample bags and
labeled accordingly and the samples were taken to the
laboratory for analysis. Laboratory methods of analysis
were carried out on the soil samples for particle size
distribution. The tractor was tested on an area of 0.5
hectare (50 m x 100 m) in a Randomized Complete Block
Design (RCBD). Parameters measured during ploughing
operation include draft, the width of cut, depth of cut,
duration of operation, the speed of operation, field
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capacity, field efficiency, fuel consumption, wheel slip,
soil moisture content, soil bulk density and soil cone index.

Parameters Tested
Implement Draft

The draft of implement was measured according to the
tractor technique as described by Oyelade, 2016.

Duration of Operation

According to Oyelade and Oni (2018), the duration of
operation measured in hr/ha is the time spent in completing
the whole operation and they mathematically expressed it
as:

x9== (D)

X5
Where,
X9 = Duration of operation (hr/ha)
X5 = Effective field capacity (ha/hr)

Depth and width of cut

The depth and width of cut during field operation were
measured using a steel rule and measuring tape

Speed of operation

The speed of operation for the tillage was
determined using the equation below.

§S=3 ...

Where;

S=speed of operation, km/hr

D =Distance travelled, m

T=Time taken to travel the distance, sec

Theoretical field capacity

Theoretical field capacity measured in ha/hr was expressed
mathematically according to Oyelade and Oni (2018) as

..(3)

__ E(3600)
~ Ta

Where,
G = Theoretical field capacity ha/hr)
E = Area of field (ha)

Ta = Actual time taken in doing the main tillage work
(sec)

G

Effective field capacity
Effective field capacity measured in ha/hr was expressed
mathematically as

__ E(3600)
Tt

X5 (4
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Where,
X5 = Effective field capacity (ha/hr)
E = Area of field (ha)

Tt = Total time taken in completing the whole tillage
operation (sec)

Field efficiency

Field efficiency is the ratio of effective field capacity to
theoretical field capacity, expressed in percentage. It was
expressed mathematically as

H = 2x100 .5

Where,
H = Field efficiency (%)
Fuel consumption

The filling of fuel tank before the operation and then
refilling after completing the operation method was used in
the study. This method is a common method in the field
for determining tractor fuel consumption in liters per
hectare. This method was used by Ajav and Adewoyin,
2011., Ikpo and Ifem, 2005; Kudabo and Gbadamosi,
2012; Udo and Akubuo, 2004 and Oyelade and Oni, 2018
in determining tractor fuel consumption in liters per
hectare. Fuel consumption measured in either L/ha or L/hr
was expressed mathematically as

=71
I = = ...(6)
K = X5x1 ..(7
Where,

I = Fuel consumption (L/ha)

J = Volume of fuel consumed (L)

E = Area of field (ha)

K = Fuel consumption (L/hr)

X5 = Effective field capacity (ha/hr)
Tractive efficiency

Tractive efficiency measured in percentage is the ratio of
drawbar power to wheel power and was expressed
mathematically as
= brp
Qt = o 100 ...(8)
Where,
Qt = Tractive efficiency (5)
Dp = Drawbar power (kW)

Qw = Wheel power (kW), power losses in the transmission
from engine to the wheels of, if 10%

is assumed, it can be written as
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ot = 22 %100 ...(9)

0.9xQe

Where,
Qe = Engine power (kW)
Travel reduction (wheel slip)

In determining travel reduction (wheel slip), a mark was
made on the tractor drive wheel with coloured tapes. This
was used to measure the distance covered by the tractor
drive wheel at every 10 revolutions under no load and the
same revolution with a load on the same surface. The
travel reduction (wheel slip) measured in percentage was
expressed mathematically as:

M2-M1
M2

L= x 100 ...(10)

Where,
L = Travel reduction (wheel slip, %)

M2 = Distance covered at 10 revolutions of the wheel at
no load condition (m)

M1 = Distance covered at 10 revolutions of the wheel at
load condition (m)

Soil Parameters
Moisture content of the soil

The research location for the tillage implement was
subdivided into twenty-five subplots of 20 m by 10 m
measurement. Soil samples were collected during the
tillage experiment at three different points of 0 — 30 cm
depth choosing randomly on each subplot to determine the
average moisture content. The samples were weighed
using a weighing balance, and the weight of each sample
was recorded. Then the samples were placed in an oven
maintained at 110°C for 48 hours. The dried soil samples
were reweighed, and the weight was again recorded. The
moisture content was calculated on a dry weight basis
according to the formula;

Moisture Content (M.C) = % x 100
d

(11)

Where,

W,, = weight of wet soil sample, g
W, = weight of oven dry soil sample, g
Bulk density of soil

The procedure for soil sample collection as given for soil
moisture content determination was the same for bulk
density determination. The bulk density of the soil was
determined according to the formula:

aM
mwD2ZL

Bulk density (g/cm3) =

.. (12)
Where,
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M = Mass of the soil as contained in the core samples of
oven dried soil, g

D = Diameter of cylindrical cone sample, cm
L = Length of the cylindrical cone sample, cm
Soil cone index

The soil cone index (CI) is the soil resistance to
penetration and was measured using a cone penetrometer

Statistical Analysis

Results of measured parameters gathered from the
experiment on a sandy loam soil during ploughing
operation were subjected to Analysis of Variance
(ANOVA) in investigating the measured parameters that
contributed significantly to tractor fuel consumption in
litres per hectare during ploughing operation. Using
Version 3.1.1 of the R Software Package according to
Oyelade and Oni, 2018 for statistical, computing and
graphics, One-way Repeated Measures ANOVA was used
to investigate the effects of ploughing operation

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

parameters on tractor fuel consumption. As a result of this,
the following hypothesis were drawn.

Hypothesis: Test of significance of ploughing operation
parameters

Null hypothesis (Ho): Effects of ploughing operation
parameters on tractor fuel consumption in litres per hectare
are the same.

Alternative hypothesis (Hi): Effects of the ploughing
operation parameters on tractor fuel consumption in litres
per hectare are not the same.

Test statistic: ANOVA F-test

Decision rule: Reject Ho in favour of Hy at 0.05 level of
significance if P-value < 0.05, otherwise do not reject Ho

1. RESULTS AND DISCUSSION
Soil Analysis

The result of the soil analysis test carried out in the study
location is presented in Table 3.

Table. 3: Soil Textural Analysis

Soil Composition

Sand (%)

University of Uyo 30

Clay (%) Silt (%) Classification

58 12 Clay loam

(AVA EXPERIMENTAL TEST RESULTS

Table 4 presents the mean values of measured parameters of the 4-bottom disc ploughing operation. The table was subjected
to One-way Repeated Measures ANOVA. The ANOVA result for effects of ploughing operation parameters on tractor fuel

consumption is presented in Table 5.

Table. 4: Summary Table of Mean of Measured Parameter During Ploughing Operation

Treatment Values
Width of cut (cm) 176.74
Depth of cut (c) 15.89
Draft (N) 4.97
Effective field capacity (ha/hr) 1.009
Tractive efficiency (%) 20.84
Field efficiency (%) 72.35
Travel reduction (Wheel slip) (%) 11.62
Duration of operation (hr/ha) 1.086
Speed of operation (km/hr) 7.50
Average moisture content (%) 9.29
Average bulk density(g/cm?®) 1.40
Average cone index(N/cm?) 24.13
TOTAL 346.825
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Table. 5: ANOVA Table for Effects of Ploughing Operation Parameters on Tractor Fuel Consumption

Source Sum of Square df Mean Square F-Value P-Value
Parameters 89916.198 11 7165.113 156.94 <2e-14
Residuals 1253.017 24 52.209

Decision: Since P-value is < 2e-14 which is < 0.05, Ho is rejected

Based on the ANOVA results presented in Table 5, one
can comfortably deduce that the effects of the twelve
ploughing operation parameters on tractor fuel
consumption in litres per hectare in Uyo are not the same.

conduct multiple comparison test using a Pair-wise test to
ascertain which ploughing operation parameters are
actually significantly different in terms of their effects on
tractor fuel consumption. The result of the Pair-wise test is

In connection with this , therefore, it is important to presented in Table 6
Table. 6: Pair-wise Comparison Result of Ploughing Operation Parameters

X11 X12 X10 X8 X2 X3 X4 X6 X9 X5 X7
X12 0.72 - - - - - - - - - -
X10 0.00* | 0.68 - - - - - - - - -

X8 0.18 0.72 0.002* | - - - - - - - -
X2 0.046* | 1.00 0.158 | 0.060 - - - - - - -
X3 0.14 0.73 0.053 | 0.132 | 0.04* - - - - - -
X4 0.74 0.72 0.012 | 1.000 | 0.04* | 0.03* - - - - -

X6 0.00* | 0.13 0.006 | 0.004* | 0.00* | 0.00* | 0.004* - - - -
X9 0.13 0.68 0.755 |0.131 |0.15 0.25 0.131 | 0.011* | 0.760 - -
X5 0.74 0.86 0.865 | 0,760 | 1.00 0.75 0.750 |0.151 | 0.865 | 0.86 -
X7 0.42 0.88 1.001 | 0.332 |0.75 0.76 0.144 | 0.034* | 0.760 | 0.86 0.86
X1 0.13 0.32 0.129 0.136 0.21 0.13 0.321 0.623 0.142 0.14 0.197
*Significant at P < 0.05

Key: X1 = Width of cut (cm), X2 = Depth of cut (cm), X3 = Draft (N), X4 = Effective field capacity (ha/hr), X5 = Tractive
efficiency (%), X6 = Field efficiency (%), X7 = Travel reduction (Wheel slip) (%), X8 = Duration of operation (hr/ha), X9 =
Speed of operation (km/hr), X10 = Average moisture content (%), X11 = Average soil bulk density (g/cm?®), X12 = Average
soil cone index (N/cm?)

V. CONCLUSION REFERENCES

This study was carried out to investigate the factors
affecting tractor fuel consumption during polughing
(primary tillage) operation in Uyo, Akwa Ibom State,
Nigeria. One-way Repeated Measures ANOVA was used
to study the influence of ploughing operation parameters
on tractor fuel consumption. The results obtained from the
One-way Repeated Measures ANOVA indicate that
ploughing operation parameters had significant effect on
tractor fuel consumption.
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Abstract— Biosurfactants are a group of heterogenous metabolites synthesized by a variety of
microorganisms. They exhibit the properties of the surface tension reduction, emulsion stabilization, promote
foaming, and specific activity at extreme temperatures, pH, and salinity. A bacterial strain was screened for
its biosurfactant production in 250 ml MSM broth with crude oil as an inducer for 5 days. The screening
activity performed by (i) drop collapse test, (ii) oil displacement test, (iii) emulsification index proved the
presence of biosurfactant. TLC and FTIR analysis confirmed that the biosurfactant produced by the selected
bacterial isolate is a rhamnolipid. The potential isolate was identified by 16S rRNA gene sequencing analysis
and it was identified as Pseudomonas aeruginosa.

Keywords— crude oil, emulsification index, rhamnolipid, TLC, FTIR, PCR

I INTRODUCTION antimicrobial properties, easier production and more variety

Biosurfactants are biologically derived surface-active
substances that are primarily produced as secondary
metabolites by filamentous fungus, yeast, and bacteria. Due
to their special amphiphilic composition, which combines
hydrophobic and hydrophilic parts, which increases the
bioavailability of water and lowers the surface tension. This
provides emulsification activity (Nayarisseri et al., 2018;
Meliani and Bensoltane, 2014). The diverse structure of
biosurfactants results from their different microbial origin,
the substrate on which they are grown and cultivation
conditions used (Santos et al., 2016). In recent years, there
has been a substantial increase in the production of
biosurfactants and their commercialization (Henkel and
Hausmann, 2019).

Some properties of biosurfactants that make them unique
from chemical surfactants include: reduction of surface and
interfacial tension, low toxicity, high biodegradability,
emulsification, selective performance, specific activity,
possibility of production from cheap raw materials,
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(De Giani et al., 2021; Bagheri et al., 2013).

There are basically five classes of biosurfactants: (i)
glycolipids, (ii) phospholipids and fatty acids, (iii)
lipopeptides and lipoproteins, (iv) polymeric surfactants
and (v) specific biosurfactants (Desai and Banat, 1997;
Varjani and Upasani, 2017). The biosurfactant production is
an important survival strategy by different microorganisms
as it helps in uptake of hydrophobic substrates for surface-
associated modes of motility (Chrzanowski et al., 2012).
Pseudomonas aeruginosa is the preferred microorganism
for the production of rhamnolipid type of biosurfactant
utilizing glycerol, mannitol, fructose, glucose, and
vegetable oils (Koch et al., 1991; Santos et al., 2002).
Rhamnolipids are one of the most important glycolipid
biosurfactants, which are produced by two bacterial species
of Pseudomonas aeruginosa and Burkholderia (Fracchia et
al., 2012).

Rhamnolipid has a high emulsion capacity and is often
used in the pharmaceutical and environmental industries
such as increasing oil recovery and bioremediation
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(Suhandono et al., 2021). Pseudomonas species are the
largest producers of rhamnolipids. They produce two
different types of rhamnolipids that differ in the number of
rhamnose sugars. Mono-rhamnolipids and di-rhamnolipids
are the main rhamnolipids. These molecules have high
surface activity and are used in various medical fields as
antifungal, antibacterial and antiviral materials (Kaskatepe
et al., 2015). Microorganisms especially bacteria represent
an excellent source of biosurfactants, so that the isolation
and characterization of the emulsifying capacity of
biosurfactant molecules represents an important step for
their future application in the areas of biotechnology (Singh
et al., 2019; Volkering et al., 1997).

The present study involves: Screening, production and
characterization of biosurfactant from P. aeruginosa BS1
using crude oil.

1. MATERIALS AND METHODS
2.1 Screening of biosurfactant producing bacteria

A bacterial strain belonging to Pseudomonas aeruginosa
was procured from the preserved culture collection of Disha
Life Sciences Pvt. Ltd. It was then screened for
biosurfactant production in Minimal Salt Medium (MSM)
(g/L) as described by Obhadi et al.,, (2017) with some
modifications: MgSQ,, 0.1; KH,PO4, 0.5; NH4CI, 0.01;
FeS0..7H,0, 0.001; NaHCOs;, 1; and K:HPO4, 0.5, pH 7.0
with 0.1% crude oil (as an inducer) by the following
methods.

2.1.1 Drop collapse test

Drop collapse test, as described by Jain et al., (1991), was
performed to screen the biosurfactant production. Crude oil
was applied to the solid glass surface of a microscope glass
slide and 250 pL of the supernatant was placed on the oil-
coated surface and drop size was observed after 1 min with
the help of a magnifying glass. The result was considered to
be positive when the diameter of the drop was increased by
1 mm from that which was produced by distilled water that
was taken as the negative control (Youssef et al., 2004).

2.1.2 Oil displacement test

In oil displacement test (Safary et al., 2010), 40 ul of crude
oil was placed to the surface of 40 ml of distilled water in a
petri dish forming thin oil layer on it. After that, 10 pl of
culture supernatant was gently placed on the centre of the
oil layer. Clear zone formation by displacing oil indicates
the presence of biosurfactant. The diameter of the clear zone
on the oil surface was visualized under visible light and
measured after 30 seconds, which was correlated to the
surfactant activity, also known as an oil displacement
activity.
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2.1.3 Emulsification index (%El)

Emulsion activity of the culture supernatant was detected by
addition of 2 mL of crude oil to the equal volume of cell-
free supernatant, mixed with a vortex for 2 min and allowed
to stand for 24 hours at 35 £ 2 °C. The emulsification
activity was observed after 24 h and it was calculated using
the following formula (Khan et al., 2017):

Total height of the emulsified layer
EI24 (%) = ght of fied lay

Total height of the liquid layer
x 100

2.2 Production and extraction

The production and extraction of biosurfactant was carried
out according to Abbasi et al, (2012) with some
modifications. The culture was inoculated in 300 ml Luria
Bertini (LB) broth to which 2% (v/v) of crude oil was added.
The culture was incubated at 37 °C for 5 days at 120 rpm
with shaking conditions. After incubation, cells were
removed from the culture broth by centrifugation at
10,000xg for 15 min at 4 °C. The cell free supernatant was
acidified with 6 N HCL to pH 2 and stored overnight at 4
°C to enhance the precipitation of biosurfactant. The
resulted precipitate was separated by centrifugation
(15,000%g, 15 min, 4 °C) and extracted several times with
ethyl acetate at room temperature. The solvent was
completely evaporated by drying at room temperature. The
crude biosurfactant was obtained as a viscous brown-
coloured substance.

2.3 ldentification of biosurfactant by TLC and FTIR

The rhamnolipids extracted were analysed by thin-layer
chromatography (TLC) according to (Bhat et al., 2015) with
few modifications. The TLC was carried out on silica 60 gel
aluminium sheets (Loba, Mumbai, India) using the solvent
system CHCIs/CH;OH/CH;COOH (81:17:2). When the
solvent reached the top, the plate was removed and allowed
to air dry. The plate was then kept in iodine vapour chamber
for development of yellow spot to check the presence of
lipids in biosurfactant.

The partially purified biosurfactant was characterized by
Bruker  Alpha Il Fourier  Transform Infrared
spectrophotometer (FTIR) spectroscopy to find out
functional groups. The range of spectra used was 4,000 cm™
— 400 cm™,

2.4 Quantitative assay of carbohydrate

Phenol sulfuric acid method is used for detection of
rhamnose-sugar(carbohydrate) in  biosurfactant. The
concentration of carbohydrates was determined by
comparing it with D-glucose as a standard. The basic
protocol of DuBois et al., (1956) was followed, with the
modifications indicated below. The biosurfactant (10 pL)
and phenol solution (80 ul) were taken and then 1 ml of
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concentrated sulfuric acid was added slowly down the side
of the tube. The tube was then incubated for 30 s at room
temperature. The absorbance was read at 490 nm using
distilled water as blank in a Double Beam
Spectrophotometer (Systronics, Ahmedabad, India).

2.5 Identification of biosurfactant producing bacteria

Strain BS1 was identified by 16S rRNA gene sequence
analysis. The molecular identification was carried out by
amplification, sequencing and analysis of conserved 16S
rRNA region. Genomic DNA was isolated from the pure
culture and the quality of DNA was checked by gel
electrophoresis on a 1% agarose gel. The PCR was
performed using universal primers. The PCR products were
sequenced and the obtained sequences were compared with
the known ones in the National Centre for Biological
Information (NCBI) database using Basic Local Alignment
Search Tool (BLAST) and accession number was obtained
by submission to NCBI GenBank.

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

2.6 Rhamnolipid producing gene screening by PCR

The PCR was carried out according to Pacwa-Ptociniczak et
al., (2014) with a few changes. The primers rhlA and rhiB
were used to detect potential rhamnolipid synthesis by the
BS1 strain. The PCR was run with a mixture containing 1
ul of the DNA template, 0.2 uM of each primer, 10%
reaction buffer, 1.5 mM of MgCl,, 200 uM of dNTP and 1
U of Taqg DNA polymerase in a Thermal Cycler. PCR
amplification was carried out as follows- denaturation at 95
°C for 3 min, and 30 cycles of 60 s, followed by annealing
for 1 min at 56 °C and an extension step of 1.5 min at 72 °C
and a final extension step of 10 min at 72 °C. The
experiment included a control reaction mixture without
added DNA.

1. RESULTS AND DISCUSSION
3.1 Screening of isolate for biosurfactant production

Sample (5 ml) was withdrawn at regular intervals (24 h)
from the flask containing 250 ml MSM broth for 5 days to
perform the screening tests. The results obtained after the
screening tests are as follows:

Table 1: Screening of biosurfactant

Time (h) Screening Test
Drop Qil displacement Emulsification index
Collapse Test Test (mm) (%)

24 + 20 mm 40%

48 + 22 mm 48%

72 + 25 mm 52%

96 + 28 mm 60%

120 + 30 mm 72%

From the results obtained, it can be seen that the
bacterial isolate gave positive results for the drop collapse
test. Production of biosurfactant decreases the surface
tension of the supernatant and as a result, the shape of the
test droplet was larger as compared to the control (distilled
water) as shown in Fig. 1(a). Oil displacement test is
considered positive when a clear zone is formed as oil gets
displaced by the presence of biosurfactant as depicted in
Fig. 1(b). However, the extent of oil displacement differed
considerably. There was a gradual increase in oil
displacement activity from 20 mm to 30 mm at the end of 5
days. Pseudomonas aeruginosa ATCC-10145 a highly
positive strain showed 8.0 cm of oil displacement (El-
Sheshtawy and Doheim, 2014). Thavasi et al., (2011)
reported positive biosurfactant producing bacteria using
drop collapsed and oil displacement test, among which
many isolates belonged to Pseudomonas sp.
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Higher biosurfactant concentration in the culture
medium was related to high emulsion capacity. The
emulsification activity of biosurfactant also increased
during incubation period. It was 40% after 24 hours and it
reached 72% at the end of 120 hours. In the current study,
crude oil was used but according to the previous works,
Pseudomonas rhamnolipids can effectively emulsify and
stabilize emulsions with various types of hydrocarbons and
oils such as linseed oil, almond oil, mineral oil (Benincasa
et al., 2004), diesel (Haba et al., 2003; Wei et al., 2005),
kerosene, n-alkanes, aromatic compounds, coconut oil, and
olive oil (Patel and Desai, 1997). Rahman et al., (2002)
reported results for two P. aeruginosa strains. The strains
showed emulsification index from 25% to 90% for oily
phases diesel and kerosene.
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Test Contﬁ
A

Fig. 1: Screening of biosurfactant production by Pseudomonas aeruginosa BS1 (A) Drop collapse test; (B) Oil displacement
test; (C) Emulsification Index

3.2 Characterization of produced biosurfactant

Results of TLC showed yellow spots indicating the presence
of lipids in the structure of produced biosurfactant. TLC of
partially purified rhamnolipids recovered from cell-free
supernatant of P. aeruginosa revealed three different spots
with different R¢ (retention factor) values. The first major
spot (Rt = 0.69) was a mono-rhamnolipid whereas the
second spot (Rf= 0.43) and third spot (R¢= 0.40) confirmed
the presence of di-rhamnolipids. These results are as per the
findings of Abdel-Mawgoud et al., (2007), where crude
biosurfactant extract of P. aeruginosa BS20 showed two
main spots with Rf values 0.4 and 0.68 representing di-
rhamnolipids and mono-rhamnolipids respectively. Another
study done by Thio et al., (2022) on Pseudomonas sp.
showed two spots with Rt values of 0.68 and 0.38 during
TLC which confirmed the lipid nature of biosurfactant.

G .69
- ) 43
0.40

Fig. 2: Thin Layer Chromatography (TLC) of partially
purified biosurfactant

The partially purified sample biosurfactant was checked for
functional group by using FTIR. The prominent peak was
found at 3382 cm-* vibrations which indicates stretching for
—CH and —CH,. The strong stretching of C=0 of the
carbonyl group was observed at 1636 cm-!. The FTIR
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spectra of biosurfactants from P. aeruginosa BS1 also
revealed the presence of lipid moiety in the purified
glycolipids showing peaks at 1014 cm-! (Moussa et al.,
2014). Similarly, the biosurfactant showed an intensity band
at 1636 cm-! indicated bending of the hydroxyl (-OH)
group, which reflects the presence of the carboxylic acid
functional group in the compound (Figure 3).

Transmittance [%]

T T
3500 3000 2500 2000 1500
Wavenumber cm-1

Fig. 3: FTIR of partially purified biosurfactant

3.3 Quantitative analysis for carbohydrate

The concentration of carbohydrate was 5.52 mg/ml as per
the carbohydrate standard curve and O.D. taken at 490 nm.
Abbasi et al., (2013) followed the same procedure and the
biosurfactant obtained had 32% (w/w) carbohydrate
content.

3.4 Ildentification of biosurfactant producing bacteria

After gene sequencing analysis, the obtained sequence was
found to be Pseudomonas aeruginosa BS1 and accession no
0Q568205.1 was obtained by submission of sequence to
NCBI GenBank.

3.5 Rhamnolipid producing gene screening by PCR

The whole DNA was screened for presence of biosurfactant
producing gene RhIA and RhIB by using PCR technique.
The results of Gel electrophoresis showed the presence of
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RhIB near 232 bp having in the genome which also indicates
biosurfactant production property in bacteria.
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Fig. 3: Native-PAGE of RhIA and RhIB gene after PCR
screening

V. CONCLUSION

The present study was aimed at screening, production and
characterization of a biosurfactant producing bacterial
strain. Biosurfactant producing bacteria Pseudomonas
aeruginosa was a potent producer which was confirmed by
all major screening tests. Characterization of produced
biosurfactant showed rhamnolipid nature based on TLC and
FTIR results. More targeted studies to develop methods to
scale up production of rhamnolipid biosurfactant and also
explore new renewable resources as substrate for the
bacterial strain for higher and efficient rhamnolipid
production can be a way forward.
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Abstract— This article examines the ecological themes present in Philip K. Dick's "Do Androids Dream of
Electric Sheep?" through the lens of Warwick Fox's deep ecology theory. The novel emphasizes the
interconnectedness of all life, demonstrating the importance of recognizing our place within a larger
ecological system. The absence of non-human life is portrayed as a contributing factor to the degradation
of the environment, emphasizing the intrinsic value of non-human life in ecological systems. The
consequences of anthropocentrism, including environmental destruction and a lack of empathy for non-
human beings, are explored. The relationship between technology and ecology is also examined, with the
potential for both degradation and restoration. Overall, the article suggests that recognizing the
interconnectedness of all life and valuing non-human life are essential for the health and survival of the
entire ecosystem.

Keywords— Anthropocentrism, Artificial life, Biodiversity, Deep ecology, Dystopian future, Ecological
systems, Environment, Intrinsic value, Interconnectedness, Non-human life, Philip K. Dick,

Technology, Warwick Fox.

l. INTRODUCTION

In "Do Androids Dream of Electric Sheep?”, Philip K.
Dick explores the complex relationship between humans
and artificial life in a dystopian future. While the novel
has been widely analyzed for its social and political
commentary, this article takes a different approach by
examining the ecological themes present in the text. By
examining the interconnectedness of all life, the intrinsic
value of non-human life, the consequences of
anthropocentrism, and the relationship  between
technology and ecology through the lens of Warwick
Fox's deep ecology theory.
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1. THE INTERCONNECTEDNESS OF ALL
LIFE

One of the key themes in "Do Androids Dream of Electric
Sheep?" is the interconnectedness of all life. Using
Warwick Fox's deep ecology theory as a lens, it becomes
clear that the novel emphasizes the importance of
recognizing the ways in which human beings and non-
human entities are connected.

This interconnectedness is demonstrated through the
relationship between humans and animals, as well as
between humans and androids. For example, the empathy
that characters such as Rick Deckard feel towards animals
is contrasted with their lack of empathy towards androids,
suggesting that the novel sees all forms of life as
interconnected and deserving of respect. Furthermore, the
way in which the environment is portrayed as a post-
apocalyptic wasteland serves as a warning about the
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potential consequences of neglecting the
interconnectedness of all life. By highlighting the
importance of recognizing our place within a larger,
interdependent ecological system, the novel suggests that
humans must begin to view themselves as part of a larger
whole in order to avoid environmental catastrophe.

Warwick Fox in his book "Toward a Transpersonal
Ecology: Developing New  Foundations  for
Environmentalism™ explains the interconnectedness of all
life:

"Deep ecology is based on a perception of the
inherent worth of other beings, which is independent
of their utility for human purposes. It recognizes the
right of all beings to live and flourish, to the extent
that such flourishing is compatible with the existence
of other beings. It recognizes the inherent value of
non-human life, as well as the value of human life,
and emphasizes the importance of the
interconnectedness of all life-forms in ecological
systems.”

Il. THE INSTRINSIC VALUE OF NON-
HUMAN LIFE

In "Do Androids Dream of Electric Sheep?", the absence
of non-human life is portrayed as a contributing factor to
the degradation of the environment. The novel suggests
that the loss of biodiversity and the disappearance of non-
human species has led to a decline in the health of the
ecosystem as a whole.

This idea is significant because it suggests that the
novel recognizes the intrinsic value of non-human life in
ecological systems. That is, the novel suggests that non-
human life has inherent value and that it is important to
preserve it for its own sake, not just for its usefulness to
humans. By showing the negative consequences of the
absence of non-human life, the novel emphasizes the
importance  of  recognizing and valuing the
interconnectedness of all life-forms in ecological systems.

The novel suggests that the well-being of all living
beings is interconnected and that the preservation of non-
human life is essential for the health and survival of the
entire ecosystem. This emphasis on the intrinsic value of
non-human life is a central aspect of deep ecology, which
recognizes the importance of the interconnectedness of all
life-forms and the need to protect the natural world for its
own sake, as well as for the well-being of humans.
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V. THE CONSEQUENCES OF
ANTHROPOCENTRISM

Warwick Fox's deep ecology theory critiques
anthropocentrism, the view that human beings are the
most important or significant entities in the world. In "Do
Androids Dream of Electric Sheep?", the consequences of
anthropocentrism are explored through the portrayal of a
dystopian future in which human beings have exploited
and destroyed the natural world.

Here are some quotes from the novel that illustrate
the consequences of anthropocentrism:

"The dust continued westward, blotting out the
white sun and then the stars. This had happened before,
but never so violently. Birds and animals had died off. All
the fish had died and the rivers were poisonous. And so it
was that the plague came to this area too.” (Chapter 1)

"It had never occurred to him that the day might
come when he would feel about an animal as an animal
evidently felt about him." (Chapter 3)

"It was a major statement, a philosophical
statement—the supreme statement that could be made
now. A voice from the tomb of the world. He was awed.
At the same time he was filled with a bursting excitement.
Here was a creature who was not human, who saw reality
in a completely different way." (Chapter 9)

These quotes suggest that the consequences of
anthropocentrism include environmental destruction, loss
of biodiversity, and a lack of empathy for non-human
beings. By portraying these consequences in the novel,
Philip K. Dick highlights the need to move beyond
anthropocentrism and recognize the value of non-human
life in ecological systems.

V. THE RELATIONSHIP BETWEEN
TECHNOLOGY AND ECOLOGY

Warwick Fox's deep ecology theory emphasizes the
importance of the relationship between technology and
ecology. In "Do Androids Dream of Electric Sheep?", this
relationship is explored through the portrayal of a
dystopian future in which advanced technology has been
used to create artificial animals and humans.

On the one hand, the technology in the novel has
contributed to the degradation of the natural world. The
widespread use of advanced technology has led to
environmental destruction, loss of biodiversity, and a lack
of connection with the natural world. For example, the
use of artificial animals has led to a situation in which
"nobody raises genuine animals anymore™ (Chapter 1),
and people are more concerned with owning expensive,
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lifelike replicas of animals than with preserving real
animals.

On the other hand, the technology in the novel also
has the potential to contribute to ecological preservation
and restoration. For example, the development of "mood
organs" allows people to control their emotions and avoid
negative feelings, which could lead to more harmonious
relationships with other living beings. Additionally, the
androids in the novel are capable of performing
dangerous or unpleasant tasks that could otherwise harm
living beings, such as radiation clean-up or waste
disposal.

The relationship between technology and ecology in
"Do Androids Dream of Electric Sheep?" is complex and
multifaceted. While advanced technology has contributed
to environmental degradation and a lack of connection
with the natural world, it also has the potential to
contribute to ecological preservation and restoration. By
exploring this relationship, Philip K. Dick raises
important questions about the role of technology in
shaping our relationship with the natural world and the
potential consequences of our choices.

Warwick Fox's deep ecology theory suggests that the
relationship between technology and ecology is crucial
for ecological preservation and restoration. Do Androids
Dream of Electric Sheep?" portrays this relationship as
complex and multifaceted, highlighting the potential of
technology both to contribute to environmental
destruction and to facilitate ecological restoration.

VI. CONCLUSION

In conclusion, "Do Androids Dream of Electric Sheep?"
by Philip K. Dick explores ecological themes such as
interconnectedness, the intrinsic value of non-human life,
the consequences of anthropocentrism, and the
relationship between technology and ecology. Through
the lens of Warwick Fox's deep ecology theory, the novel
emphasizes the importance of recognizing the ways in
which human beings and non-human entities are
connected and the value of non-human life in ecological
systems. The novel highlights the negative consequences
of neglecting the interconnectedness of all life and the
need to move beyond anthropocentrism to recognize the
value of non-human life. Additionally, the relationship
between technology and ecology is explored, with the
novel warning about the potential negative impacts of
advanced technology on the environment. Overall, "Do
Androids Dream of Electric Sheep?" offers a deep
ecological analysis of the relationship between humans,
non-human life, and the natural world, emphasizing the
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need for a more interconnected and sustainable approach
to ecological systems.
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Abstract— Bi>sFeQOq/g-C3N4s composites were synthesized for dechlorination of 2-chlorophenol (2-CP). The
characteristic of the obtained products was studied using the X-ray diffraction (XRD), (FESEM) scanning
electron microscopy, UV-vis reflectance. The effects of g-C3N4 content, photocatalyst dosage, solution pH,
H>0; on the dechlorination efficiency were investigated, in addition to the reusability of the nanocomposites.
The results showed that increasing content of BizsFeOyg in nanocomposites, from 10 to 30 wt.%, greatly
increased the dechlorination efficiency. BixsFeOu/g-C3Ny 20wt.% and initial pH below 6.0 was the optimal
conditions for the catalytic dechlorination of 2-CP. About 94.5% of 2-CP were completely removed after 150
minutes reaction at initial pH value of 6.0. The composites were easily separated from the solution by an
applied magnetic field. The removal efficiency of 2-CP slightly decreased to 90% when the catalyst was
reused in 4 runs. Therefore, BixsFeQ40/g-C3Ny composites can be considered as a promising method for

remediation of pollution by 2-CP.

Keyword— BizsFeQq; photo-Fenton; Cluster microspheres.

l. INTRODUCTION

Recently, great attention has been paid for the
morphology control of nanometer- and micrometer-size
catalyst materials because of their interesting physical and
chemical properties. Then, these materials can using widely
in practice fields [1-3]. In this respect, a great number of
remarkable approaches have been studied to controlling-
synthesis the morphologies and facets exposed, wether in
nanoscale or microscope [4, 5].

Recently, 2-chlorophenol is widely used in daily
chemical and pharmaceutical industries. It is also a
significatn intermediate of some medicines. Therefore, 2-
CP causes the serious pollution in industrial wastewater.
Some catalysts prepared from precious metals and their
alloys have been applicated to remove 2-CP. However,
noble metals are expensive cost. To solve this problem,
catalysts based on metals and their alloys as Fe, Cu and Bi
were developed due to their earth-abundant, low-cost and
less toxic. For example, the magnetically recyclable
Bi/BizsFeO40-C nanocomposites were prepared via a one
step hydrothermal method and exhibited high photocatalytic
activity in hydrogen generation. Magnetic BiysFeOso-
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graphene photocatalysts were fabricated by alkaline
hydrothermal approach and showed enhanced catalytic
activity for the removal of methylene blue (MB) under
visible-light irradiation [6].

Due to the interesting characteristic, g-C3Ns is
considered to be the most stable allotrope among various
carbon nitrides under ambient conditions. Because of the
two-dimensional frameworks of tri-s-triazine connected via
tertiary amines structure , g-CsNs possess high stable
thermal and chemical stability. G-C3N4 is founded to be a
visible-light-active polymeric semiconductor with a band
gap of ~2.7 eV, corresponding to an optical wavelength of
~460 nm. Specially, it have an appropriate band structure
for both water reduction and oxidation. As such, g-C3Ny is
considered become the shining star in the field of
photocatalysis.

In this work, BixsFeOso/g-C3sNs composites were
synthesised through a simple hydrogenthermal method. The
catalyst activity of BisFeO4 photocatalysts were
investigated by the photo-degradation 2-CP under visible
light. The factors influential to the efficiency of the photo-
dechlorination process are also studied and discussed in
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detail as the effects of g-C3;N4 content, photocatalyst
dosage, solution pH. The result show that BixsFeO40/g-C3Ny4
composites can be considered as a promising approach for
2-CP removal.

1. EXPERIMENTAL
2.1 Synthesis of composites.

Pure g-C3N4 powder was prepared using melamine
as a precursor at 550 °C for 4h in a muffle furnace. The
obtained products were washed several times with de-
ionized water then grounded for further use. Microsphere
BiysFeO49 was synthesized via a normal hydrothermal
process. In a typical procedure, a certain amount of
Fe(NO3)3-9H,0 (2,04 g ) and Bi(NO3)3-5H>0 (2,62 g) were
dissolved in 60ml of deionized water under magnetic
stirring. The precipitate was put into a Teflon-lined
autoclave, followed by adding with 10 mL of sodium
alginate solution (10 g/L), 4.5g of citric acid and a certain
amount of KOH. After 30 min ultrasonic treatment, the
mixture was transfered into a Teflon liner of 100mL
capability. The autoclave was sealed and heated at 180°Cfor
12h and cooled to room temperature naturally. The resulting
precipitant was recovered by filtration, followed by washing
with distilled water three times, and drying at 80°C for 10h.

The Bi/g-CsN4 composite was prepared by simple
impregnation method. A mount of 0.5 g BixsFeO4 was
added into 50 ml of ethanol under ultrasonic treatment for
40 min. Then, a certain amount of g-CsN4 added into the
BiasFeOag suspension under vigorously stirring for 5 hours.
The mixture was separated from the solution by an internal
magnet, then washed and dried at 100°C for 12h in an
electric oven. The as-prepared composites were named x%
Bi/g-CsNa4 (X% denotes t mass percentages of g-CsNs in as
obtained-composites). In this work, Bi/g-CsN4 composite
with 10 wt%, 20 wt% and 30 wt% of g-CsNas were
synthesized, respectively.

2.2 Characterization

X-ray diffraction (XRD analysis was carried out an
X-ray powder diffractometer with Cu Ko radiation at 40 kV
and 40 mA. The morphology and internal structure of the
prepared samples were further checked by transmission
electron microscopy (FESEM), using a JEM 2100F electron
microscope operated at a voltage of 200 kV. UV-vis
reflectance spectra of the powder catalysts were recorded by
a Perkin Elmer spectrometer Lambda 35 using an RSAPE-
20 reflectance spectroscopy accessory (Labsphere Inc.,
NorthSutton, NH). The PL spectra of products were
measured by a transient fluorescence spectrometer
(Shimadzu RF-5301PC).

2.3 The photo-degradation of 2-CP
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The degradation experiments were carried out under
single wavelength light (PL-LED 100F A=410 nm). 2-CP
were used as the model pollutant to evaluate the Fenton
activity of the Bi/gC3;N4 composites. In a typical process, 10
mg of Bi/gC3N4 composite was added into 100mL of the 2-
CP (10mg/L) aqueous solution with countinuous stirring.
Before illumination, the suspension was stiring in dark for
30 minutes to reach adsorption-desorption equilibrium.
Then 0.1ml of the H>O, aqueous solution (30%) was added
to the reaction solution at the beginning of the illumination.
About 5ml of the suspension were collected after a defined
time and centrifuged to remove the photocatalyst for UV-vis
spectrum measurement.

1. RESULT AND DISCUSSION
3.1 XRD analysis

Fig.1 shows X-ray diffaction pattens of g-CsNa,
BizsFeOy4o and Bi/gC3Ns 20% wt. The patterns showed the
sharp and intense peaks indicating the photocatalysts were
well crystallized. As shown in the Fig. 1, the XRD peaks of
the BixsFeOs were observed agree with the sillenite-type
structure (JCPDS 46-0416). The strong and sharp
diffraction peaks signify exbihite the high crystallinity of
BixsFeO4o. The two characteristic peaks of g-C3Ny4 at 13.28
and 27.33 can be indexed to (100) and (002) diffraction
planes (JCPDS 87-1526) [7, 8]. Compared to pure g-C3Ny,
it can be seen clearly most peaks for BixsFeOso/g-C3Ny
indexing to the structure of BixsFeOso. Because of the
presence of BiysFeOuo, the peaks of g-C3N4 became weaker.
The character of g-CsN4 could not be obtained in the XRD
pattern of 20% Bi/g-CsN4 composite sample could be
explained by the low adding content and well dispersion of
g-CsN4 powders. However, g-C3N4 can still be found in the
composites due of the appearance of the peak at 27°. The
results suggests the composites were formed between g-
C3N4 and Bi25FeO4o.

s | o

© 7| Bi, FeO,/g-C N,

=

5

=

£ | BiFeo

- 25 40
-M
L T T T T T T T T T T T T

10 20 30 40 50 60 70

2 Theta (dgree)
Fig. 1. XRD pattern of g-C3Ny4, BixsFeOy9 and
Bi25F604()/gC3N4 20% wt

3.2 SEM analysis
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The surface properties of BixsFeOso and BixsFeO4o/g-
CsN4 composite photocatalyst was observed using SEM
method. The obtained results are depicted in Fig. 2. As
shown in Fig. 2A, the material is composed of a large
quantity of well-dispersed microspherical particles. These
particles have uniform size and shape, most of which are
spheres of 300-500 nm. From Fig. 2B, it is seen that the
surface of the samples became rough when the g-C3N4 was
modified with BixsFeOs. The surface of BixsFeOs was
cover by g-C3N4 particles. After loading with g-CsNsa,

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

accommodation of g-C3N4 on the surface of BixsFeOa lead
to the formation of a tight heterostructure. In this case, two
phases of g-CsN4 and BixsFeOq are clearly seen and close
contact to form an intimate interface. This is similar to
previous reports [9-11]. It is found that cavitations created
in sonochemical technique play an important role in the
preparation of heterostructure materials. This can promote
the formation of the stable hybrid structure between g-CsN4
and BizsFeO4o composite [12].

Fig. 2. SEM image of the as-prepared BisFeO4 microspheres and BizsFeQq40/g-C3Ny microspheres

3.4 Photo-degradation of 2-CP

The photocatalytic reaction of the BixsFeOuso/g-C3Ny
catalysts were evaluated through the degradation of 2-
chlorophenol (2-CP) in the presence of H,O, with visible-
light. The results of photocatalytic activities of the samples
prepared at different conditions are shown in Fig. 3. When
the photocatalyst is absence, no photodegradation can be
observed. The photocatalytic activity of the Bi/g-C3;Ns
composite with visible light are further investigated by
comparison with that of pure two-component. The Bi/g-
C;N, composite are much more photocatalytically efficient
than pure BixsFeO4y and pure g-CsN4. As shown in Fig.3a,
about 94.5 % of 2-CP is photodegraded for 150 minutes of
visible light irradiation while only 31% and 42% of 2-CP
reduced with pure g-CsN4 and BizsFeO4o microspheres used,
respectively.

To understand the effect of g-C3Ns4s amount on
BizsFeO40/g-C3Ny composite, Bi/g-C3Ng 10%, 20% and
30% wt composites were used for the photodegradation of
2-CP. From Fig. 3b, it can be observed that 94%, 87%, and
66% 2-CP was degraded in the present of g-CN/ZnFe 20%,
10% and 30%, respectively under the same time irradiation.
It can be learned from the results that amount g-C;Na
introduced into the BiysFeOs is one of pivotal role for
photocatalytic efficiency. When introduced g-C3;N4 amount
in the composites is over 30%, the photocatalytic activity is
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reduced. This can be explained that with suitable content g-
Cs5Nys added, the interfacial interaction can be formed
between g-C3Ns and BixsFeOs which resulting on the
improved transfer and separation of photogenerated
electron/hole pairs [13]. Whereas, increasing further content
of g-C3Ny in the composite would form blocking on the
reaction sites of BixsFeO4o , which can make their active
sites reduced [14].

The excellent photocatalytic performance of
BizsFeO40/g-C3N4 composite can be attributed to their high
crystalline and hibrid structure. The tight binding of g-C3N.
and BixsFeOuo is suitable for the charge transfer between
these two semiconductors and leads to a high separation rate
of photogenerated electron-hole pairs while comparing to a
physical mixture of two-component. As a result, these
composites with a hybrid structure would result in an
electric field at the interface, then improving the
photocatalytic activity. The mineralization of 2-CP was also
investigated as depicted in Figure 3c. The results reveal that
the TOC removal of 2-CP using BixsFeOuso/g-CsNy
composites as catalysts achieved about 74 %. The results
suggest that as-synthesized cluster microspheres show high
capacity for the mineralization of 2-CP pollutants.

Effect of catalyst amount and pH in the range of 2 to
8 on 2-CP photo-degradation efficiency was also valued as
depicted in Fig. 4. The results show that the degradation rate
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of 2-CP improved with an increase in catalyst amount, as
shown in Fig. 4a. However in higher catalyst dosage, the 2-
CP removal percentage slightly decreased. Based on the
experiment, 10 mg/L of the as-prepared composite is
optimum dose for the 2-CP photo-dechlorination. The
experiment results on the effect of pH reveal that the
optimum pH was 6.0 (see at Fig. 4b). With pH below 6.0, in
high H* concentration, the formation of stable oxonium ion
[H302]* makes hydrogen peroxide more stable and then
decreases its activity with ferrous ions. Moreover, the
formation of Fe(ll) complexes and ferric oxyhydroxides
precipitation at a pH above 5.8 are probably reasons for
efficiency decreases in the 2-CP removal processes.
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Fig. 3. (a) The 2-CP photo-degradation with different
photocatalysts under visible light; (b) The 2-CP photo-
degradation with Bi/gC3Ny composites of 10,20,30 wt%.
(¢) The mineralization of 2-CP using Bi»sFeQq/g-C3Ny4
composite under visible light.
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As known, the Fenton reaction is one of the most
effective advanced oxidation processes for wastewater
treatment in which the active hydroxyl radicals generated
by reaction between Fe?* and H,O. It is reported that the
presence of Fe?* in the oxide plays an important role for the
activation of H,O[15, 16]. With the present of both visible
light and H20-, active hydroxyl radicals will be generated
by main reactions following:

H,0; + Fe (II) — Fe (LLI) + "OH + OH" 3)
Fe (ILI) + & — Fe (1) (4)

Then more *OH can be produced resulting in a reaction
between regenerated Fe(ll) with H,0; (Eq. (1)). Therefore,
the kinetics of the reaction between ‘OH and 2-CP is
improved remarkably via visible light irradiation[16].
Moreover, the improvement of the photo-Fenton reaction of
the as-prepared composite could be ascribed to the electron
transfer process accelerated. As a result, the interface
between Fe3* and H,O, improved, which result in more -OH
radical from high rate of decomposition H,O, [17].
Furthermore, the crystalline structure and hybrid structure
are important factors that could improve the photocatalytic
perform of the as-obtained Bi/g-C3Na.
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To investigate the stability of the Bi/g-CsN4 composites,
the recycle tests were conducted in the oxidation process
under Vis light irradiation. The results reveal that the as-
obtained composite was easily collected by an internal
magnet and the 2-CP degradation effectively has no
significant change during the 4th successive cycles,
demonstrating the high stability of the composite (Fig. 5).
The chracteristic plays a very important role in application
for water treatment at industry scale. The high
photocatalytic activity, the stability and the easily
separation suggest that the Bi/g-CsN4 can be promising
candidates for the 2-CP dechloronation application.

100

90 +

80

70 <

60

50 S

40 -

Degradation %

30 ~

20 +

=
1st 2nd Riins 3th 4th

Fig. 5. The stability of the Bi/g-CsN4 composites after 4
recycles

(AVA CONCLUSION

A series of magnetic separable BixsFeOs/g-CsN4
composite  was successfully prepared by simple
solvothermal method. The optimized weight ratio of g-CsN4
and BixsFeOs was observed. The results showed that
BixsFeO4/g-CN  composite with added 20% g-CsNa
exposed the highest activity for 2-CP dechlorination under
visible light irradiation. The improved photocatalytic
activity of 20% Bi/g-CN can be attributed to their high
crystalline and hibrid structure. The tight binding of g-C3N4
and BizsFeQyo is suitable for the charge transfer between
these two semiconductors and leads to a high separation rate
of photogenerated electron-hole pairs while comparing to a
physical mixture of two-component. As a result, these
composites with a hybrid structure would result in an
electric field at the interface, then improving the
photocatalytic activity. Specially, Bi/g-CsNs can be
collected easily by using an external magnetic field and
exhibite the high stability after 4 runs. These properties of
the Bi/g-C3sN4 composites as prepare could be a promising
photokklcatalyst for the degradation pharmaceutical
contaminants.
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Abstract— The areca nut palm (Areca catechu L., Arecaceae family) is an economically important palm
species in the World providing livelihood options to millions of farmers. The objectives of this study were to
extract from areca nut to determine the The phenolic content (TPC) , The flavonoid content (TFC) and
Anthocyanin content (TAC) content of 8 samples areca nut in the Mekong Delta .TPC of different sample
differed significantly (p < 0.05). The TPC measured in areca nut was significantly higher ( 135.78-162.27
mg). There were significant differences in the flavonoid content in areca nut (p < 0.05). The Anthocyanin
contents in areca nut were in the range of ( 23.55-35.55mg). The contents of TFC of different arecanut palm
sites were significantly different (p < 0.05) The TFC measured was significantly higher (365.71-495.12mg)
. The trend of flavonoid content of different sites was similar to that of total phenolic content .Alkaloid levels
in 8 Areca Nut at difference sites analysis .The content associated Alkaloid in eight varieties with different
genotypes such as Guvacine ,arecoline , Arecaidine and arecoline in hoblies in different districts of Mekong
were compared. The DPPH radical-scavenging rate significantly varied in different sites (34.6 to
66.9% p < 0.05). According to the differences of functional substances among varieties, it can provide
guidance for consumers and theoretical basis for the production of healthy food.

Keywords— extraction, phenolic content (TPC), flavonoid content (TFC), Anthocyanin content, Alkaloid

. INTRODUCTION

activity for promoting digestive functions, etc. ( Shen et al.,

Although, areca nut palm is a tree that farmers in
the Mekong Delta grow in a comnination with other fruit
trees, it is just an interesting complementary occupation for
farmers in that Mekong Delta region. The amount of areca
palm produced is not enough to meet the demand of both
domestic and foreign markets because areca nuts are an
important raw material of many industries continuously
today. Areca nut has been used in various kinds of
traditional medications for the treatment of diseases such as,
schizophrenia and glaucoma and it is also known to be a
stimulant and aids in digestion (Rama et al., 2016).
Extensive investigations demonstrated that AS possessed
many pharmacological activities, such 