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Abstract — This quantitative study examines the constraints in the primary production of bananas in Davao
Region, Philippines. Various studies and climate projections by PAGASA proved the existence of climate
change. Climatic variables (i.e. average temperature, rainfall amount, and relative humidity), Panama disease
occurrence, and government support dataset are derived from government agencies from 1990-2019. Multiple
regression analysis and other statistical tests are used. Most studies imply that there is a negative relationship
between banana production to climate variables and panama disease but a positive relationship to government
support. Results of this study show that climate variable indicators display a negative significant relationship on
the volume of banana production which adheres to past studies while Panama disease and government support
indicate an insignificant relationship which contradicts other studies. This study is therefore intended to impart
practical knowledge to help farmers to be prepared for the adverse risks of climate change on their crops. It is
also expected that this provides policy recommendations for the government to arrive at appropriate policies
based upon ground realities.

climate, climate change, agriculture, temperature, relative humidity, rainfall, panama disease,
government support, production

l. INTRODUCTION

Climate is one of the most essential factors that determine where and what kind of agricultural crops could be
grown in a particular area. The massive damages from disasters each year that are generally climate-related are
being experienced by the agricultural sector in the Philippines (Dikitanan et al., 2017). The Philippine
Atmospheric, Geophysical, Astronomical Services Administration (PAGASA) stated that the country’s climate
is characterized by relatively high temperature, high humidity, and abundant rainfall.

The Davao Region experiences type Il and type IV climate which means that it is not directly hit by typhoons
and low-pressure systems and is rarely affected by high winds (Department of Agriculture, 2021). PAGASA
mentioned that the region’s climate and rainfall all year round allow for various crops to be grown in Davao. Its
favorable climate and fertile soils make it a good and ideal place for tropical fruit production of one of the most
popular fruits in the world, bananas (Digal, 2007; Rodeo, 2016; Calica et al., 2017). A banana has specific
temperature ranges in the world where it can grow, and it prefers warm climates with high annual rainfall.
Specific temperature ranges and high-water demand throughout all stages of its growth limit the range and
growth of bananas since it is a water-sensitive plant (Carr, 2009; Ortiz, 2012; FAO, 2012; Devi et al., 2013).
Banana is a monocotyledonous, herbaceous, evergreen perennial that produces a typical color yellow, sweet
fruit. There are two distinct sectors in the banana industry in the Philippines: one for the domestic market and
the other for the country’s exports. The Philippines produces six different banana cultivars: Cavendish and
Bufigulan (exports); and Lakatan, Latundan, Saba, and Cuarenta Dias (domestic market) (Rodeo, 2016).
However, threats continue to emerge in the banana industry. They face market, technical, organizational,
financing, environmental, and policy issues. Developing countries that are mainly dependent on agriculture are
highly vulnerable to the effects of climate change since they are not equipped with technological advancements
and information to help them cope with extreme climate conditions (Hanif et al., 2010). Recent years showed
the presence of extreme weather conditions or climate changes which lead to widespread damage to banana
crops and industry. The periodic EI Nino and La Nina also affect banana and market production (Department of
Agriculture, 2018). Climate change-related impacts are predicted to rise in the next decades, threatening the
agricultural sector. It is projected to have negative impacts in areas of the world that will turn out to be hotter
and drier (IPCC, 2007; DILG, 2011; Crost et al., 2018). Climate-related impacts are also anticipated to diminish
agricultural productivity in the Philippines (Dait, 2015). Ramirez et al (2011) forecasted that banana systems
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will face pressure from climate change. Variations in rainfall distribution and temperatures may affect the
suitability of particular regions for banana production and cause a decline in yields (Ortiz, 2012). In the study
conducted by Ortiz (2012), the author revealed that Davao’s climate has changed by an average of 0.02 °C every
year, where the mean annual temperature in 2010 was around 1 degree warmer than it was 6 decades ago.
Climate records from Davao City showed that temperatures are becoming warmer and rainfall is decreasing. On
average, rainfall has been declining in the region. Furthermore, PAGASA (2011) made climate change
projections in the Philippines. Their projections showed that in the Davao region, the temperature will change
by 1°C- 1.2°C in 2020. While there will be 1.9°C- 2.5°C temperature changes in 2050. In terms of rainfall
amount, it is projected that there will be a decrease of rainfall for the months of March to August in all
provinces in the Davao region for 2020 and 2050. While there will be an increase of rainfall in the December to
February months and variability in the September to November season.

Having said that, the research problem arises in the idea that the Davao Region, despite being an ideal place for
banana production, may still be affected by factors like climate change which is defined as the change in the
state of climate over time. Possible threats to the banana industry must be acknowledged and solved to lessen
the harmful impacts in the future. There are numerous studies showing the importance of bananas to the country.
For instance, many Filipino farmers rely on their banana crops as their source of income. Since bananas are also
one of the major exports of the country, it is essential to maintain or improve its competitive advantage and
global market position.

On the other hand, another major influence of climate change on agriculture could be changed in the incidence
of crop diseases. Several studies claim that global climate change can potentially influence diseases and how
they are managed. Changes in the incidence and severity of crop diseases are likely to occur (Vurro et al., 2010).
Climate change influences the occurrence, prevalence, and severity of crop diseases which could induce
epidemics (Ahanger et al., 2013; Zayan, 2019). Higher temperatures will also increase pest and disease risks in
some plantations because some diseases thrive during hot climates and make it easier to infect close crops
(Knox et al., 2021). Panama disease is prevalent in most banana-growing regions of the world. It is referred to as
banana wilt, is a destructive disease of bananas caused by the soil-inhabiting fungus species Fusarium
oxysporum forma specialis cubense (Garcia-Bastidas et al., 2015; Salvacion et al., 2019). The incidence of
Panama disease is indicated to increase with climate change. Increasing temperatures and periods of drought
will change plant physiology, causing stress, and possibly expanding the aggressiveness of F. oxysporum f. sp.
cubense in susceptible cultivars (Ghini et al., 2011). The predicted changes in rainfall in the future can also
increase the areas that are favorable for Fusarium wilt occurrence (Salvacion et al., 2019). These factors threaten
banana production and exportations in the global market (Dela Cruz and Jansen, 2017). The disease brings
lower production and higher cost of production since plantations require to have more stringent and costlier
sanitary and quarantine practices to contain and control the spread of diseases (Department of Agriculture,
2018). Molina et al. (2008) asserted that there is a serious occurrence of Foc TR4 epidemics in plantations and
farms in the Philippines specifically in Mindanao due to the devastating potential of the pathogen in the
plantations where most bananas for export and local consumption are produced. Foc TR4 now threatens the
million-dollar banana export industry in the Philippines as well as the subsistence banana producers. In the
previous years, the Foc TR4 pathogen was reported in the provinces of Compostela Valley, Davao del Norte,
and Davao City (Molina et al. 2008). In the Philippines, Cavendish cultivars account for about 51% of national
banana production, Saba 29%, Latundan about 11%, and Lakatan 10%. More than 80% of bananas and 99% of
the Cavendish cultivars are produced in Mindanao. In 2001, Cavendish bananas in the highlands were severely
affected by Fusarium wilt. In 2003, periodic cases were observed in lowlands. In 2005, there was a significant
increase in the lowlands. In 2013, small-scale growers were severely affected (FAO, 2015). The Department of
Agriculture confirmed that the first incidence in the Davao region was in Calinan in 2009.

Due to a higher incidence of crop diseases that pose a decline in the country’s crop production severed by
climate change, this study used the Panama disease as an intervening variable.

This study also incorporated government support to assess if it has a significant impact on the production of
bananas. Government support plays a role to develop industries such as the improvement of infrastructure and
logistics support, programs and projects, incentives, marketing, financing, research, and development, etc. The
governments in Southeast Asia for instance, have been providing financial and production support for farmers
through input subsidies (Anderson, 2013).

With that, the researchers came up with this study because climate change, crop diseases, and government
support are the major constraints in the production of crops and in agriculture. The Philippines is most at risk
from these constraints. Impacts of climate change in the Philippines are extensive, including changes in rainfall
patterns and distribution, droughts, sea-level rise, annual losses in GDP, threats to biodiversity and food
security, public health risks, and endangerment of vulnerable groups such as women and indigenous people.
Decisively dealing now with climate change and its underlying impacts is key to ensuring sustainable
development, poverty eradication, and safeguarding economic growth. Scientific assessments indicate that the
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cost of inaction now will be costlier in the future. While in terms of crop diseases, agrarian societies are held
responsible for damaged crops. Filipino farmers are having difficulties in handling damaged crops due to the
lack of technological advancements and the capacity to implement disease management protocols on farms. To
prevent the spread of diseases is costly and time-consuming for farmers. Once the plantation is infected,
eliminating infected plants and restricting access to it is the only way to prevent it from spreading. This results
in losing their productive capacity for profitable banana production (Dela Cruz and Jansen, 2017).
Consequently, this may greatly affect the banana industry and therefore, will most likely affect the banana
exports of the Philippines. The assessment and analysis of this study imparted practical knowledge in the banana
industry by helping farmers to be prepared for the adverse risks of climate change and disease on their crops.
To come up with economic and environmentally sound decisions and adaptive measures to help the industry in
the possible occurrence of problems in the future will also be a great help. Government support through policies
and subsidies can be further implemented by the government to improve the production of bananas which in
turn can stimulate economic activity and promote the socio-economic well-being of farmers.

This study aims to assess the influence of Climate Change, Panama disease, and Government Support on banana
production in the Davao Region: (1) Describe the association of 1990-2019 historical records of climate change
variables and Panama disease on the volume of banana production in Davao Region, Philippines; (2) Determine
the impact of government support on the volume of banana production in the Davao Region, Philippines.

1. LITERATURE REVIEW

A. Background and Agricultural Issues in the Banana Industry

The Philippines is an archipelago country with a total area of 300,000 km2 located in Southeast Asia and is
situated between the West Philippine Sea (Bagtasa, 2017). Its three largest island groups are Luzon, Visayas,
and Mindanao (Rodeo, 2016; Tolentino et al., 2016). Despite the plans to make it an industrialized economy by
2000, it is still heavily dependent on agriculture where many Filipinos are still living in rural areas and support
themselves through agricultural works. Its main agricultural crops are rice, corn, coconut, sugarcane, bananas,
pineapple, coffee, and mangoes (PSA, 2020).

The Philippine export fruit production is concentrated on the island of Mindanao (Lockie et al., 2015). The
regions of Davao, Northern Mindanao, and South Cotabato, Sultan Kudarat, Saranggani, and General Santos
City (SOCCSKSARGEN) are the top banana-producing areas in the country where there is a continuous
increase in the number of hectares planted and volume of harvested fruits every year (PSA, 2015). Davao
Region is an ideal place for banana production because of its large contiguous tracts of land available, rich soil,
and abundant human resources. It has a competitive advantage in exports in the Asian region due to its strategic
location (Digal, 2007). The province of Davao del Norte is known as the Banana Capital of the Philippines, with
many plantations run by multinationals and local producers (Guia, 2012). In 2020, banana remained as the
leading agricultural export commodity in the Philippines; banana production was estimated at 2.40 million
metric tons making the country the second top exporting country for the past decade. The country was also able
to make its way to the international market which includes Japan, South Korea, Hong Kong, China, and the
Middle East (Rodeo, 2016). However, threats continue to arise in the banana industry. One of which is the
threats of crop disease particularly the Panama disease (\Vurro et al., 2010).

In the Philippine context, the spread of plant disease through blaming is being linked to existing oppositions
from the land reform process and the history of agrarian relationships. Dela Cruz and Jansen (2017) studied one
of the essential practices in the banana industry which is contract farming also known as contract growership. It
is an agreement that exists between the farmers and marketing firms. Both parties agreed on predetermined
prices for the agricultural production and supply of products. The institutional arrangement also integrates the
smallholder farmers into agricultural value chains (Barrett et al., 2012). Contract farming has various advantages
and one of which is that it provides access to markets and credit that would otherwise not be available for the
smallholder farmers (Simmons, 2002). Apart from that, Guo, Jolly, & Zhu (2007) mentioned that contract
growership arrangements ensure price stability.

Based on the result of the study and intensive interviews conducted by Dela Cruz and Jansen (2017), they
revealed that smallholder farmers are the ones liable for the spread of Panama disease due to their lack of
technological knowledge and capacity to carry out disease management protocols at the farm areas. The
expansion of multinational banana companies to new areas in the Philippines is also highly linked to the spread
of Panama disease. With that, the Pilipino Banana Growers and Exporters Association, Inc. (PBGEA) takes the
lead in Panama disease in the Philippines. The head of Research of Unifrutti Philippines said that the
government did not have enough resources to conduct its own research on Panama disease protocols. Therefore,
the Provincial Agriculturist of Davao agrees that the private sector or the multinational companies have more
technical expertise compared to the government which makes them have the power to see themselves as the
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“saviors”. The little contribution of the government to this plant disease creates a little incentive for the private
sector to enhance their behavior, implement more equitable contracts, and accept more risk and responsibility of
Panama disease in the Davao region (Dela Cruz and Jansen, 2017).

On the other hand, in the Industry Clusters Roadmaps of Davao Region for 2014-2030 presented by Regional
Development Council XI (2014), the banana industry in the region is the most recommended priority. The goal
of the region is to remain the major producer of bananas and to have a significant contribution to the economy
through exports. However, pests and diseases, weak relationships between the farmers and the government, and
climate change are the major threats in the industry. Access to financing is the major constraint in the input
provision of bananas. While in terms of primary production, weather factors and banana diseases are the major
constraints. In terms of processing, the lack of government policy implementation posed a major constraint. In
terms of distribution, the lack of modern port facility channels of distribution and scarcity of wood products for
pallets are the major constraints. With these constraints, the industry has come up with strategies and action
plans such as meeting with the banks, conducting meetings among government agencies, improving port
facilities, etc.

B. Climate of the Philippines

According to PAGASA, the country’s climate is characterized by relatively high temperatures, high humidity,
and abundant rainfall. Generally, the Philippine Climate has two major seasons: (1) the rainy season, which sets
in by late May to June and ends around November. The rainy season is subdivided into the habagat season from
June to August and the transition from southwest to northeast monsoon season from September to November; (2)
the dry season, which starts in December and ends in May. The dry season is also subdivided into the cool dry
or amihan season from December to February and the hot dry season from March to May. During the summer
season, from the month of March to May, the highest temperatures occur. Precipitation is measured between
965-4000 mm a year and the period with the highest rainfall is during the southwest monsoon season or the
month of June to August. The Philippines is also vulnerable to short-term and long-term changes in climate.
This includes climate change, a change in the state of the climate over time (Ortiz, 2012), and El Nifio that
brings an extended period of no rain, which harms crops and severely limits yields (Li et al., 2019). The
Philippines’ geographical location and archipelagic formation make the country vulnerable to the impacts of
climate change. It is the country that is most vulnerable to tropical cyclones, third in terms of people exposed to
such seasonal events, and fourth among countries most affected by extreme weather events (Sénke et al., 2016).
Since 1900-2010, the country has experienced more than 480 natural disasters (Pacheco, Aquino, & Tanzo,
2010). The country also has a regional climate classification based on rainfall distribution. Davao region is
classified as type IV climate which is characterized by a fairly even distribution of rainfall throughout the year
(PIDS, 2005).

There are various studies that looked into the local trends and changes of temperature and rainfall in the country
to explain climatic observations that play a big role in coming up with climate change adaptation measures and
solutions (Bagtasa, 2017). The study conducted by Cruz et al. (2013), revealed that from 1960-2010, there is a
decrease in the rainfall trend in the western portion of the Philippines during the southwest monsoon season.
While in most parts of the western Philippines, there is a prolonged dry season. Villafuerte et al. (2014) use the
seven extreme precipitation indices (EPI) to examine the long-term trends and the variability of rainfall
extremes. Based on their findings, it revealed that there is a drying trend from January to March and an increase
in extreme rainfall events from July to September. Cinco et al. (2014) revealed that there are warming trends in
surface temperature and an increase in extreme temperature and daily rainfall events which were significantly
distributed all over the country. While Ortiz (2012) revealed that Davao’s climate has changed by an average of
0.02 °C every year, where the mean annual temperature in 2010 was around 1 degree warmer than it was 6
decades ago. Temperatures are becoming warmer and rainfall has been declining in the region.

C. Banana Production

Production is defined as an economic activity of combining inputs in order to produce something for
consumption. In the context of this study, production is defined as the harvesting or refinement of something
natural. In the Philippines, banana production is branched into two different systems, (i) large-scale commercial
agro-export-orientated plantation estates and (ii) small-holder farms typically functioning as ‘outgrowers’ for
the larger estates. Multinational companies usually own the latter that manages the production, transport, and
distribution of bananas with high output levels supported by substantial infrastructure investment (Wiley, 2008;
Robinson & Galan-Salco, 2010).

The Cavendish is the most cultivated globally (Smith, 2015) and it became highly productive in intensively
managed plantations and competent to international and domestic markets. As a result, it contributed
approximately 50% of worldwide production and 99% of export markets (Kema et al., 2020). It is the most
economically essential banana cultivar in the Philippines which accounts for 50% of total banana production.
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Other banana cultivars such as saba, accounts for 30%, and lakatan accounts for 11% of banana production
(DOST, nd). In the Davao Region, bananas dominate with a relative proportion yield estimate of 36.12% out of
all agricultural commodities (PSA, 2017a). The average production in the country from 2012 to 2016 was
estimated at 8,029,419 mt wherein 56.24% is Cavendish, 32.06% is Cardava banana and 11.70% is Lakatan
(Calica et al., 2017). As for the last quarter of the year 2018, 51.9% of the total banana production in the
Philippines is accounted for the Cavendish cultivar (PSA, 2018).

In connection, Salvacion (2019) described trends from 1991 to 2016 in banana yield in the Philippines. The
yields averaged around 10.8 tons/ha, a maximum of 64.4 tons/ha, and a minimum of 0.57 tons/ha. The highest
yield of bananas came from the south-central of the country-- the Davao Region. Provinces such as Davao del
Norte and Davao Oriental showed a significant banana yield trend from 1991-2016 and were attributed to large
banana plantations.

To measure the volume of banana production, Salvacion et al. (2019) gathered the provincial level yield data
from 1981 to 2016 reported by the Philippine Statistics Authority. Simultaneously, to calculate the effect of
climate, climate data such as monthly rainfall (mm), monthly maximum and minimum temperature (C), and
monthly frequency of wet days (days) were collected. In the methodology, in order to determine the presence of
a linear trend, a trend analysis was applied to the time series of banana yield data for each province. Then, based
on the result of linear trend analysis, multiple regression analysis was used to assess the effect of climate on
provincial-level banana yield.

Similarly, the relationship between banana yields and climate parameters was assessed using time series
moments, correlation, and regression analyses. In addition, a process-based crop water assessment tool, FAO-
CROPWAT was used to investigate the effects of intra-seasonal rainfall variations on rain-fed banana yields
over different parts of Uganda. The cumulative effect of rainfall and temperature variations on banana yields can
be seen from correlation and regression results [0.78 (R2 =61%)] (Sabiiti et al., 2016).

While the recent study of Shi et al. (2020) is more technical in terms of the variables and methodology because
aside from climate change and agricultural output, crop disaster areas were included. To assess the impact of
climate change on agricultural production, the dynamic Slacks-Based Measures (SBM) under an exogenous
variable model to simulate the external environmental factors by adding extreme weather days. Also, the Dagum
Gini coefficient and kernel density estimation are used to explore the regional differences in agricultural
production in China.

The study of Shi et al. (2020) is similar to Tanure et al. (2019) in terms of examining the impact of climate
change on agricultural production. Tanure et al. (2019) incorporated land use and food production. To evaluate
changes in agricultural production and land use in the region due to climate change scenarios proposed by the
IPCC (Intergovernmental Panel on Climate Change), the methods used were the Computable General
Equilibrium (CGE) model and the Inter-regional General Equilibrium Model for the Brazilian Legal Amazon
(REGIA).

Alboghdady and El-Hendawy (2016) used a production function model and fixed effect regression analysis to
evaluate and analyze the impact of climate change on variable agricultural production. The results showed that
the increase in temperature in the winter was 1%, which led to a 1.12% reduction in agricultural production.

In terms of location, the two sowing and harvesting seasons in Pakistan are Rabi and Kharif. The study of (Hanif
et al., 2010) used the Rabi and Kharif mean precipitation, minimum and maximum temperature individually as
climate variables. They used the Feasible Generalised Least Square technique of panel regression estimations to
calculate the relationships of climate variables with agricultural land price as well as marginal climate impacts.
Based on their findings, they revealed the magnitude of change in per acre agricultural land price with the
change of climate variables. The study revealed that farmers may face uncertainty and threats to agricultural
production, like climate variability. It confirmed their hypothesis that climate change affects the price of
agricultural land which is a long-run variable for net revenues.

Shayanmehr et al (2020) addressed uncertainty and threats in a production function data distribution. Under
these conditions, the stochastic production function approach and the statistical downscaling model (SDSM) are
used to estimate the impacts of climate change on yield distributions of wheat in the northwest of Iran.

Besides, Devi et al. (2013) stressed the importance of water-- be it in soil or rainfall in plant growth and field
crop production. This is because water deficit is one of the most important factors to limit banana productivity in
the world, especially in dry and semi-dry areas where large fluctuation in the amount and distribution of the rain
these areas face. The leaf area, leaf area index, and specific leaf weight served as the parameter to evaluate the
impact of water deficit on growth attributes and yields of banana cultivars and hybrids.

D. Climate Change

A study by Bhat et al. (2013) defined climate change as the long-term shift in weather statistics. This agrees well
with the findings reported by Hanif et al. (2010) that temperature rise can be linked to rainfall pattern changes,
rise in sea level, and frequency of extreme events like cyclones and droughts, which he also referred to as
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climate change. Grossman (2018) defined it as the rise in atmospheric and ocean temperatures, changing
patterns of precipitation, rise in the sea level, increase in oceans’ acidity, and the frequency and intensity of
extreme weather events. While Ortiz (2012) defined it as a change in the state of the climate over time.

In this study, climate change has three parameters: temperature, rainfall, and relative humidity. Temperature is
defined as the determination of the object's sensation of warmth or coldness (Sullivan, 2008). Rainfall is the
amount of precipitation-- described as the liquid or solid condensation of water vapor falling from clouds or
deposited from the air onto the ground. The main forms of precipitation include drizzle, rain, sleet, snow, ice
pellets, graupel, and hail. Precipitation is measured as the amount of water that reaches the horizontal ground or
the horizontal ground projection plane of the earth’s surface and is expressed as a vertical depth of water or the
water equivalent of solid precipitation. In particular, regional rainfall is defined by observed rainfall at multiple,
well-distributed stations in a given area (Yu et al, 2015). Apart from that, drought is also considered as one of
the characteristics of rainfall and is defined as the lack of precipitation. The latter can be measured through
annual rainfall, seasonal distribution of rainfall, and persistence (Rowntree, 1989). On the other hand, Dourte et
al. (2015) discussed that extreme and very heavy rainfall are typically high-impact rains and are rare by
definition.

Kong and Singh (2011) defined relative humidity in the air as the ratio of the vapor pressure of air to its
saturation vapor pressure. It is a measure of how much water vapor is in a water-air mixture compared to the
maximum amount possible. Relative humidity (RH) also refers to the moisture content (i.e., water vapor) of the
atmosphere, expressed as a percentage of the amount of moisture that can be retained by the atmosphere
(moisture-holding capacity) at a given temperature and pressure without condensation (Postharvest Technology
of Perishable Horticultural Commodities, 2019). The relative humidity is tied with temperature and is usually
used to determine the duration of leaf wetness. The high relative humidity is closely linked to moist leaf surfaces
while low relative humidity causes a dry microclimate at the leaf surface. High levels of humidity favor crops to
kill aphid virus vectors (Jones, 2016).

The predicted increasing temperatures due to climate change are also expected to increase weather variability—
weather events which are moderate and extreme deviations from average such as droughts, more intense, less
frequent rains, cold snaps, heat waves, and more violent storms (IPCC, 2012). With this, under predicted climate
change, present agricultural practices may become unsustainable due to the rise of temperature as well as the
changes in the rainfall patterns which can lessen the viability of certain crop types (Tolentino et al., 2016). It is
expected that Climate change (CC) will change global crop productivity, resulting in higher world prices in the
future. Beach et al. (2010) mention that its impact will differ across crops, locations, and time periods. Some
crops and regions will be less affected than others; some will have an increase in agricultural productivity or
will have an increase in precipitation. Countries that have multiple climate zones will have major variations in
productivity impacts.

Historically, the effects of climate change are evident in economic development especially in the agrarian
economies that have always depended on unexpected changes in nature and climate. Changes in temperature,
averages of precipitation, and extreme climate events can cause changes in yields, income, health, sociology,
and physical safety. It is closely linked to food security and poverty (Hanif et al., 2010). It also constitutes
numerous threats to global stability, national security, and human welfare (Nordas and Gleditsch, 2014).
Another threat of climate change is the distribution of rainfall. Chou et al. (2013) mention that climate change is
already going towards wetter wet seasons and drier dry seasons. This trend is predicted by Chou and Lan (2012)
to be intensified in the near future. It is supported through the study conducted by Crost et al. (2018) in which
they examined the effect of rainfall by season on agricultural production as well as in civil conflict in the
country. Based on their findings, they found that the forecasted shift towards drier dry seasons and wetter wet
seasons will cause harmful effects to agriculture which will also strengthen the civil conflict. They also claimed
that rainfall is linked to civil conflict and affects agriculture. Moreover, developing countries that are mainly
dependent on agriculture are highly vulnerable to the effects of climate change (Hanif et al., 2010).

For instance, extreme weather conditions as external factors have a great impact on agricultural production like
China, which is also one of the countries with the most severe climatic disasters. China’s wide latitude in the
north and south of their territory is the reason why all regions are faced with extreme weather, including drought,
frost, flooding, and other disasters. Under extremely high-temperature weather, land surface moisture evaporates
quickly, reducing soil moisture and thus badly affecting the growth of the crops. Extreme weather conditions or
low temperatures, especially when co-occurring with nonstop rainfall, may reduce agricultural water; however,
the cold frost can lead to winter crop output, of which in the north, the winter wheat is the primary
representative crop. Thus, the cold weather there has an important intervention effect on the wheat growth cycle,
which will affect the whole crop production schedule for farming (Shi et al., 2020).

In Pakistan, the 2006 share of their agricultural sector in their GDP, exports, and employment level have
decreased due to the decline in agricultural productivity brought about by climate change. In 2007, they suffered
heavy rainfall, high temperature, and a shortage of water in the overall irrigation system. It is one of the
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countries vulnerable to climate change due to its warmer climate. The variability in monsoon rains, floods, and
droughts makes their water, food, and energy security be placed under serious threat (Hanif et al., 2010).

Lastly, the Philippines is endowed with a favorable climate that is well suited for growing bananas all year
round but it is also one of the countries that are vulnerable to climate change due to its increasing incidence of
extreme weather events and limited resources for adaptation (Calica et al., 2017; Kreft et al., 2014; Tolentino et
al., 2016). Disasters due to climate change in the country are the major cause of disruption to fruit crops and
production which results in the loss of livelihoods as well as an increase in the prices of food. In the past years,
the weather events in the Philippines have cost the economy an annual average of 0.3 percent of GDP (FAO,
2021). Chandra et al. (2016) also added that the productivity and sustainability of smallholder mixed farms in
Mindanao are threatened by climate variability and change. The number of farmers who are displaced, the loss
and damage incurred in the region will likely increase as the effects of climate change increase rapidly on
smallholder agriculture.

In 2011, PAGASA, the national agency of the Philippines, made a projected seasonal climate change in 2020
and 2050 in the Philippines. To be more specific, the projected climate change in the province of Davao is
summarized as follows:

Davao Region Observed Baseline Change in 2020 (2006-2035) Change in 2050 (2036-2065)
(1971-2000)
DIF | MAM | JJA | 30N | DJIF | MAM | JJA 20N DJF | MAM | JTA | SON
Compostela Valley | 26.7 | 278 | 276 | 276 0.9 1.1 1.2 1.1 1.9 23 24 2.1
Davao Del Norte 6.7 278 | 274 | 274 0.9 1.1 1.2 1.1 1.9 23 23 21
Davao Del Sur 269 278 | 269 | 271 09 11 1.1 1.0 1.9 22 23 20
Davao Oriental 268 278 | 275 | 278 09 1.0 1.1 1.0 1.8 2.0 24 20
Table I Seasonal temperature increase (in °C) in 2020 and 2030
Davao Region Observed Baseline Change in 2020 (2006-2035) Change in 2050 (2036-2065)

(1971-2000) mm

DIF | MAM [ JJA SON | DIF | MAM | JA | SON DIF | MAM | JJA SON

Compostela Valley T48.1 | 339.0 | 346.7 | 5866 | 102 113 =27 0.3 6.6 -21.9 6.3 0.0
Davao Del Norte 637.0 | 4965 | 3356 | 3362 g2 -123 -3.6 -15 1.1 -2212 -19 -22
Davao Del Sur 2881 | 3470 | 4841 | 4423 ] 181 -8 -1.8 -4 152 S120 | <126 | 45
Davao Oriental 8273 | 611.8 | 3404 | 5992 | 123 37 47 1.2 159 -16.1 29 19

Table Il Seasonal rainfail change (in %4} in 2020 and 2050

In table 2.4a, for example, Davao Del Norte had a baseline temperature of 27.8°C in the summer months MAM.
In 2050, there is a predicted change of 2.3°C so its mean temperatures will be around 30.1°C. Furthermore, all
seasons are projected to have an increase in temperatures, and the provinces are forecasted to experience about
the same increase in temperature. On the other hand, table 2.4b shows the projected rainfall changes. Here, it is
projected that there will be a decrease in rainfall for the MAM, JJA months in all provinces in the region for
2020 and 2050. While there will be an increase in the DJF months and variability in the SON season.

E. The Influence of Climate Change on the Occurrence of Plant Diseases (Panama disease)

Climate change will affect the occurrence of plant diseases together with other components of global change
like anthropogenic processes such as water, air, and soil pollution, urbanization, and the long-distance
introduction of exotic species (Regniere, 2012). Similarly, climate change influences the occurrence, prevalence,
and severity of plant diseases. Projected atmospheric and climate change will affect the interaction between
crops and pathogens in multiple ways (Zayan, 2019). Charkraborty and Datta (2003) claimed that a change in
temperature may favor the development of different inactive pathogens, which could induce an epidemic.

Generally, plant diseases at cold average temperatures are likely to experience longer periods of temperature
than if the climate is warm. This makes it suitable for the growth and reproduction of pathogens. The earlier
onset of warm temperatures could result in an earlier threat from late blight with the potential for more severe
epidemics and increases in the number of fungicide applications needed for control. During colder parts of the
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year, warming may relieve plant stress, whereas during hotter parts of the year it may increase stress. An
example of the potential effect on the yield of crop plants in response to elevated temperature is the rice yield in
the Philippines. It was estimated that there is a 10% decline for each 1°C increase in the minimum temperature
during the dry season (Peng et al., 2004).

On the other hand, Salvacion et al. (2019) showed that almost a quarter of the Philippines was estimated to be
favorable for the occurrence of Panama disease. In comparing the area coverage of future Fusarium wilt
occurrence with the average banana production statistics from the PSA, it showed that around 67% (0.27 million
ha) of the harvested area for banana might have Fusarium wilt infestation under future climate change
conditions. Therefore, the projected climate change in the Philippines is expected to increase potential areas for
Fusarium wilt occurrence. A decrease in rainfall amount during the driest and wettest month of the year due to
climate change favors the occurrence of Fusarium wilt in a place as well as an increase in rainfall during the
warmest quarter.

F. Panama Disease

Fusarium wilt in bananas (also known as Panama disease) is caused by a soil-borne fungal pathogen, Fusarium
oxysporum f. sp. cubense (Foc), that invades the roots and then the vascular of the plant resulting in wilt and
dieback (Garcia-Bastidas et al., 2015; Salvacion et al., 2019). According to Ploetz (2006), the pathogen travels
in soil and running water, as well as on-farm implements and machinery. Soluri (2002) also added that it can
also enter via root structures and travel up vascular tissues to the leaves. TR4 blocks the vascular tissue which
stops the passage of supply of water and nutrients in the plants. This caused the yellowing of the banana leaves
and longitudinal splitting of the stem of the plant at the base which will eventually lead to the wilting and
collapse of the whole canopy. Infected foliage turned yellow-brown before wilting. Severely diseased plants
seldom produced healthy fruit, if they produced any at all (Soluri, 2002). That is why horticulture experts
considered this disease as one of the most devastating diseases in the world, one of the most severe threats
facing the banana industry worldwide, and is considered one of the most severe plant disease epidemics in
agricultural history (Ploetz, 2006; Ma et al., 2020) and it has no known remedy yet to mitigate the disease
(Pérez- Vicente, Dita, & De la Parte, 2014). Currently, researchers are trying to understand and examine the
genetic diversity of the pathogen itself, so that the development of methods, tools, and measurements to
diagnose the disease in the field can be started before it can cause massive destruction in plantations (Ordofiez et
al., 2015).

In line with this, farmers face challenges brought by various shifts in the agri-food system due to the increased
incidence of diseases, particularly fusarium wilt, which is compounded by climate change (Timmusk, et al.,
2020). However, Dela Cruz and Jansen (2017) reported that all varieties of bananas can be affected by fusarium
Wilt and not just the Cavendish cultivar. As estimated, around 91.2% of the total highly suitable areas for
bananas located in the northern and southern regions of the country have Fusarium wilt (Salvacion et al., 2019).
As of 2015, the government’s Philippine Information Agency gave a report about the banana plantations that
have been infected with Panama disease. Based on the report, 15,500 hectares of banana plantations are infected
with Panama disease and Davao del Norte is the most infected accounting for 13, 743 hectares of its banana
farms (Department of Agriculture, 2015). In this case, Dela Cruz and Jansen (2017) mentioned that lands
infected by the disease may be lost or need to be quarantined. Lockie et al. (2015) pointed out that growing the
same plant over a wide interconnected area inevitably raises the risk of pest outbreaks and the incidence of
contagious diseases, such as Sigatoka, Panama disease, and the like. Strict pest and disease control must
therefore be applied consistently over the entire area to maintain the quantity and quality of bananas. Aside from
that, the disease created a huge financial setback for the farmers. For instance, in order to mitigate the spread of
the disease, they have to take various measures. There is a need to surround the infected banana plants with
bamboo and then put the plant to the ground to be burned. This costs them Php 250 per infected banana plant,
and lost profits and loss of land are excluded. There is a loss of land since the area around the infected plant
cannot be replanted anymore and it needs to be quarantined. With this, it gives farmers a difficult time and a
serious problem in addressing Panama disease in any sustainable way because they do not have enough
resources and they are still facing increasing debts to the corporation (Dela Cruz and Jansen, 2017; Ma et al.,
2020)

Historically, strains of Foc have become well-known following its appearance in Central America in about 1890
which destroyed millions of Gros Michel banana plants in the country (Stover, 1962; Hubbell and Gregory,
1996) and its English-language name originated from the place where it was first widely observed: Panama. By
1960, Panama disease had spread widely in tropical America, the Caribbean, and Western Africa, destroying
40,000 hectares of ‘Gros Michel’ (Ploetz 2005; Stover 1962). Clearly, the pathogen has gone outside its former
Southeast Asian boundaries and is established in the Middle East (Ploetz & Evans 2015). Moreover, Ploetz &
Pegg (1997) claimed that the presence of Panama disease in Australia was first discovered in 1997. TR4 was
also confirmed in Jordan in 2013 but has probably been present in the country since at least 2005 (Ploetz et al.,
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2015). The occurrence of the disease in Jordan was apparently the first occurrence of Panama disease in the
Middle East, but it also represented a considerable expansion of TR4’s distribution, which had previously been
restricted to the Far East. Despite some measures, Foc TR4 escaped from the infested fields and spread rapidly
and widely to disease-free areas. In 2011, the fungus was first identified outside Australasia when it was
detected in several plantations in the Sultanate of Oman (Ploetz et al., 2015). Soon thereafter, it was reported
from Jordan, Lebanon, and Pakistan. When Foc TR4 was discovered in Mozambique in 2013, the arrival of
“banana-geddon” was announced (Milmo, 2014).

Globally, as of 2017, the confirmed countries that have been infected by the disease are Australia, mainland
China, Jordan, Indonesia, Malaysia, the Philippines, Mozambique, Oman, and Taiwan (FAO, 2014). Ordofiez et
al. (2016) have also confirmed that Pakistan and Lebanon were also infected.

In the Philippines, Fusarium wilt has infested and continuously threatens vast banana plantations in the
country’s southern portion. Fusarium wilt was first observed in commercial plantations in the country in 1974
and caused losses of 32,340 plants from a single company between 1974 and 1991 (Magnaye, 2001; Roperos &
Magnaye, 1991). The pathogen isolated from these infections was identified as Foc race 4 and later confirmed as
VCG 0122 (Pegg et al., 1993). Surveys in 2005 and 2006 confirmed that the new outbreaks were caused by Foc
TR4 (Molina et al., 2008). After a few years, the Department of Agriculture in Region XI reported that the first
incidence in the region was in Calinan in 2009. Foc TR4 has since spread throughout Mindanao but has not been
found on any other Philippine island (Molina et al., 2015). However, as reported by Aguilar-Hawod (2014), to
date, no Foc TR4 was reported in Luzon and Visayas islands but the occurrence of subtropical race 4 (ST4) was
reported recently in Luzon. In similar research conducted by Solpot et al. (2016) on the spread of Tropical Race
4, they were able to list the areas where Fusarium wilt in bananas is present in provinces which are 1) North
Cotabato, (2) South Cotabato, (3) Saranggani, (4) Davao del Sur, and (5) General Santos City-- both in backyard
and plantation areas.

Having said that, the outbreak of the Panama disease is a threat to the banana industry in the Philippines as it is
responsible for more than 90% of Cavendish banana exports in Asia (Molina et al., 2015). Foc TR4 is also
threatening the US$700- million banana-export industry supplied by companies and small commercial growers
in the Philippines (Garcia, 2013). Of the 80,000 ha of Cavendish bananas in the Philippines, Foc TR4 has
already caused the abandonment of 3,000 ha, with another 8,000 ha affected at various levels (Garcia et al.,
2014). The growing number of abandoned banana areas may be due to its wide host range that can infect
different host cultivars of banana particularly those intended for export (Cavendish) and for local consumption
(Lakatan and Latundan) (Solpot et al., 2016).

In many studies, the vulnerability of Cavendish and local varieties to Foc TR4 was previously demonstrated.
Juruena et al. (2014) confirmed that Lakatan was highly susceptible to the alarming pathogen showing higher
severity of leaf yellowing and vascular discoloration both in the rhizome and pseudostem. On top of that,
Molina et al. (2014) affirmed that both Cavendish and Lakatan varieties were found to be highly vulnerable to
the pathogen demonstrating 100% infection in a field experiment and that Latundan variety was found to have a
lower disease infection but eventually succumbed to the disease at the later stage of the plant. Conversely, the
Cardava variety showed resistance against the pathogen. Dela Cueva et al. (2014) also observed infection of Foc
TR4 on several banana cultivars evaluated for resistance including Cavendish and Lakatan which were found to
be susceptible to the pathogen. The findings showed the vulnerability of local varieties such as Lakatan and
Latundan which are grown by many subsistence farmers in the country. Therefore, if there is a constraint in the
production of bananas, and if the difference cannot be made up with imported bananas, the domestic price will
rise in response to the relative shortage in supply (Cook, 2015).

On the other hand, in this study, Panama disease along with the independent variables (climate variables) is
considered as the intervening variable. Knox et al. (2021) asserted that higher temperatures and changes in
rainfall will increase pest and disease risks. Including Panama Disease as an intervening variable gave this study
more accurate findings of their impact on the banana industry.

The parameters for the Panama disease TR4 model were the following: (1) probability of entry and
establishment in production regions; (2) detection probability in areas previously unaffected; (3) population
diffusion coefficient; (4) area currently Infected (ha); (5) minimum area infected immediately upon entry; (6)
maximum area infected; (7) Intrinsic rate of infection and density increase; (8) minimum infection density; (9)
maximum infection density; (10) minimum number of satellite sites generated In a single time step; (11)
maximum number of satellite sites generated in a single time step; (12) intrinsic rate of new foci generation per
unit area of infection; (13) discount rate; (14) demand elasticity; (15) prevailing market price of bananas In the
first time step; (16) treatment costs upon detection ($ per ha); (17) yield reduction despite control (%). The way
in which banana production is affected by Foc TR4 can be described using a simple partial equilibrium
framework -- partial in the sense that it only depicts one market as opposed to the broader economy (Cook et al,
2015).
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To determine the occurrence of Panama disease in bananas, Solpot et al. (2016) went through the following
steps: (1) Survey and collection of infected plants; (2) Isolation and Generation of Single Spore Culture of Foc;
(3) Molecular Detection of Foc TR4 Isolates DNA Isolation; (4) PCR Amplification with Specific Foc TR4
Markers; (5) Pathogenicity Test of Foc TR4 Isolates; (6) VCG Analysis and Further Molecular Detection of Foc
TRA4.

Salvacion et al. (2019) assess banana suitability and the potential distribution of fusarium wilt in the Philippines
under current and future climate conditions and the author used fuzzy logic and a maximum entropy approach.
Briefly, it can be proved that climate change as an independent variable can be represented by main climatic
indicators such as temperature, rainfall, and humidity. The maximum and minimum temperature (C), monthly
rainfall (mm), and relative humidity (%) are used (Salvacion et al., 2019; Saengpook et al., 2007). With Panama
disease as an intervening variable, it can be shown in total farm area validated with the incidence of Foc Disease
(has) (Cook et al., 2015). Meanwhile, banana production can be presented in yield levels, or its volume of
production (mt) in a form of time-series data (Salvacion et al., 2019; Sabiiti et al., 2016).

G. Government Support

Agricultural production has been shaped by government policies. The government has been involved in giving
support to the agricultural sector by providing support to farmer livelihoods and food security (Lencucha et al.,
2020). The governments in Southeast Asia for instance, have been providing financial and production support
for farmers through input subsidies (Anderson, 2013).

In the Banana Industry Cluster Roadmap of Davao Region for 2014-2030 presented by Regional Development
Council XI (2014), it was mentioned that the Department of Agriculture (DA) allocated funds and built
infrastructure to help the local banana farmers in meeting the standards in the export market. There is also the
Presidential Social Fund of P50 Million to help the region with its infrastructure projects and training for the
farmers. The department also allocated P100 million for the construction of packing houses for the farmer
cooperatives in the Davao region. Other national government agencies such as NGOs, DTI, DOST,
SMARRDEC, and SUCs have provided technical support and training to strengthen the quality control in
banana production. Aside from that, the Department of Science and Technology through the Philippine Council
for Agriculture, Aquatic and Natural Resources Research and Development (PCAARRD), Department of
Agriculture, SMARRDEC, and SUCs have united to fight the fusarium wilt race 4 in the banana industry. The
PCAARRD allocated funds in managing the Panama disease. The Department of Agriculture-Regional Field
Unit (DA-RFU) Xl is also in partnership with the Pilipino Banana Growers and Exporters Association (PBGEA)
in giving information materials and protocol briefings about the disease. Generally, the Department of
Agriculture is the one that facilitates the provision of financial and non-financial support services to further
improve the competitiveness of the banana industry. They facilitate (1) crop insurance through the Philippine
Crop Insurance Corporation (PCIC) program; (2) credit assistance through the High-Value Crop Development
Fund (HVCDF); (3) Credit Guarantee by the Quedan and Rural Credit Guarantee Corporation (QUEDANCOR);
(4) Grace period on the lease of government lands payments; (5) Tax exemption; (6) Market linkage between
the agribusiness cooperatives with the consumers’ cooperatives, and exporters to assure relatively higher and
stable prices of bananas; (7) Technical and infrastructure support by the Department of Agriculture, Department
of Trade and Industry, Department of Science and Technology, Cooperative Development Authority, state
universities and colleges and other government agencies; (8) Post-harvest facilities for the establishment of post-
harvest, processing and storage facilities; (9) Providing good seeds and planting materials to farmers, and; (10)
Fiscal incentives.

H. Relationship of Climate Change and Banana Production

Climatically, the year-round production of bananas preferred warm and moist conditions. They are also
cultivated and managed with locally adapted practices in changing climates. (Calberto et al., 2015). Climate
change affects agricultural crops and harms their production, since it is dependent on light, heat, water, and
other climatic factors (Rosenzweig & Liverman, 1992) so an increase in climate change results in a drop in
banana production. This is because specific temperature ranges and high water demand throughout all stages of
its growth limit the range and growth of bananas (Ortiz, 2012).

Hanif et al. (2010) mentioned that developing countries are vulnerable to the effects of climate change. An
example of a developing country that is greatly affected by climate change is Pakistan. There was a decline in
agricultural production in 2016 due to the climatic changes that the country faced. Pakistan is vulnerable to the
effects of climate change comparatively due to its warmer climate and has a larger risk of variability in monsoon
rains, floods, and droughts which makes their water security, food security, and energy security be placed under
serious threat. This agrees with the study conducted by Ghini et al. (2011) where climate change will increase
uncertainty in the production of many crops in tropical countries, including many developing countries where
these crops may form an important basis of the gross domestic product. The frequent occurrence of extreme
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weather conditions will certainly increase stress on future climate and increase damage to crops as time
progresses. They further explained that temperature, precipitation, CO2, and O3 must be integrated to determine
the climate change on crops. Another study similar to this was conducted by Gupta and Mishra (2019) in which
they investigated the impact of climate change on rice production in India using a crop simulation model and
Global Climate Model (GCMs) outputs. Based on their findings, in 2006-2035, the rice yield is expected to vary
from 1.2 to 8.8%; in 2036-2065, it will vary from 0.7 to 12.6%, and in 2066-2095, it will vary from 2.9 to 17.8%
due to climate change. The increasing variation shows the possible effect of climate change on the production of
rice. Similar findings by Shayanmehr et al. (2020) show that changes in yield are expected to increase in
response to future climate scenarios. While in Brazil, their agriculture is also vulnerable to climatic conditions.
The possible consequences of the impact of climate change on the economy in Brazil involve reducing crop
productivity in some regions (Assungdo & Chein, 2016).

The latest study by Brown et al. (2018) revealed that across the many different climatic zones where bananas are
produced, banana growers use practices to manage the negative effects of current climate variability — both
seasonal changes in average, moderate weather conditions, and extreme weather events. Bananas are known to
thrive in warm and moist weather conditions, even in high temperatures they will survive. However, an increase
in temperature also indicates an increase in other climates such as more droughts, more intense, less frequent
rains, cold snaps, heat waves, and more violent storms (IPCC, 2012). Extreme events like this will most likely
cut the profitability and production of bananas. The distribution of rainfall is also one of the threats brought by
climate change and this can damage crops if heavy rainfall continues in a certain plantation.

Furthermore, various studies were conducted to assess the relationships between climate change and crop
production. For instance, a study by Chou et al. (2013) pointed out that Sabiiti et al. (2016) examined the
linkages between banana yields and rainfall and temperature variability in the central and western regions of
Uganda. They observed the banana yields, rainfall, and air temperature covering the period from 1979-2008.
Based on their findings, there are relatively strong linkages between banana yields and climate parameters over
various locations in Uganda. They also found that air temperatures have direct and indirect effects on banana
yields making the air temperature variations strongly linked to banana yields. Moreover, rainfall effects on
banana yields may be lagged. The result shows varying levels of moisture deficits across banana-growing areas
in Uganda. These moisture deficits are said to be connected to the reductions of banana yields by up to 46%.
Moreover, Brown et al. (2018) conducted 500 survey forms among different banana experts located in Asia,
Africa, and Latin America where 137 completed the survey. This was used to determine if banana production
will be affected under common and extreme weather conditions per region. The study showed that excess rain
and drought-affected banana plantations the most, and other climate conditions were not mentioned as
frequently as others. Asseng et al. (2015) added that the effects of extreme events on bananas present a
challenge to scientists, and instead of survey forms, models should be used to project changes in short-term high
temperature and water availability.

On the other hand, moderately strong rainfall, averagely high temperature, and good relative humidity are
associated with the high productivity of bananas (Salau et al, 2016). The right amount of climate that a banana
requires is a rainfall of approximately 1500-2500mm, mean temperature of 27°C, and within 25°C to 30°C in a
preferably tropical humid lowland (Turner, 1983). On average, the mean temperature of about 26°C and an
average rainfall of around 1891mm with a relative humidity of approximately 77% will lead to a good annual
production. While excessive rainfall, high temperature, and low humidity can cause the productivity of bananas
to decline and damage production (Calberto et al., 2015). However, climate change projections from global
climate models predict that banana-growing will face pressures from higher temperatures and changing rainfall
patterns (Ortiz, 2012).

Salvacion (2019) determined climate change from 1991-2016 in the Philippines and results showed that there
was 2559 mm/year in average annual rainfall with a minimum of 970 mm/year and a maximum of 5848
mm/year. Trends in other climatic conditions were also measured and showed only 10% of the banana-
producing areas in the Philippines are significantly affected by climate. Among climatic variables, temperature
seasonality has more impact than rainfall on provincial-level banana yield in the country. The northern part was
observed to have the highest annual rainfalls than in other parts of the country while a higher frequency of wet
days (FWD) was observed in the Southeastern part of the country with an average of 176 days in FWD, with a
minimum of 97 days, and a maximum of 284 days.

Generally, there is an inverse relationship between climate change in general and the volume of production.
Climate change is already going towards wetter wet seasons and drier dry seasons soon. This can harm
plantations like bananas that need a warm or high temperature to produce (Chou et al., 2013). With that, it is
fundamental to measure the impact of climate change at the most disaggregated regional level possible because
the effects of climate change are heterogenous regionally and among economic sectors (Tanure et al., 2019).
Therefore, as climatic factors change in the long term, a host of consequences will ripple through the
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agricultural system as humans respond with decisions involving farm management, storage facilities,
transportation infrastructure, regional markets, and trade patterns (Salau et al., 2016).

I Relationship of Temperature and Banana Production

Salvacion et al. (2019) pointed out that an increase in temperature will favor areas that have lower temperatures
than the optimum for growing bananas while a negative effect is expected on regions with climate hotter than
the optimum. Depending on market demands, the temperature is used during ripening to control the desirable
combination of peel color, pulp texture, and eating quality of bananas (Nunes et al., 2013). There will be
damage to the plant and fruit when bananas are exposed to high temperatures while the growth and its quality
may be affected by low temperatures (Ortiz, 2012). This is supported by the study of Ravi & Vaganan (2016) in
which the authors mentioned that the growth and development of bananas are highly influenced by temperature.
Extreme, higher, and lower temperatures have a negative influence on the growth and development of bananas.
A study by Dell et al. (2012) revealed that higher temperatures have wide-ranging effects, reducing agricultural
output. An increase in extreme temperature in plantations will also not simply affect the level of output but also
the growth rates and crop conditions. It could also affect soil quality, health, and water tables that would cause
long-term effects and larger impacts to the agricultural sector. In another study conducted by Solomon et al.
(2007), it was discussed that agricultural production is reduced in some regions due to extreme levels of
temperature. Higher temperatures lead not only to a decline in agricultural output but also to the political
instability of a country that could potentially reduce economic growth rates especially in poor countries (Dell et
al., 2012). Similar to this is the study by Salau et al. (2016) in which the authors also revealed that extremely
high temperatures can reduce banana productivity while low temperature with poor humidity will result in a
small production. On average, the mean temperature of about 26°C- 27°C- with a relative humidity of
approximately 77% will lead to a good annual production.

Research by Salvacion (2019) stated that bananas are susceptible to hot weather conditions and are usually
found in tropical countries, however, as mentioned, high temperatures can damage banana plantations and
hinder their production. The Philippines is usually experiencing extreme droughts which are caused by EI Nifio
that damages crops and affect food security in the country. The study showed that extreme, higher, and lower
temperatures harm banana growth and development. The optimum temperature for banana growth is only
around 27°C and anything higher than that can harm the growth and production. While in determining the
significance of variables, banana production was used to calculate the provincial level yield data from 1991 to
2016. The data that was collected was gathered from the Philippines Statistics Authority and any province that is
missing 5 years of data was excluded from the analysis. As for climate data, Climate Research Unit Times
Series (CRU-TS) data were used to determine the monthly rainfall (mm), monthly maximum and minimum
temperature (C), and monthly frequency of wet days (days) per region. Based on the results, in the Philippines,
higher monthly temperature variation within the year favors banana yield in the province of Bohol while the
opposite occurs in the province of Capiz. The study further proved that significance between variables was
observed and among the climate conditions, the temperature has the highest effect on banana production; the
temperature has a greater impact on banana yield compared to rainfall. This result is similar to the study of
Tanure et al. (2019) in which they found that in Brazil, there is an inverse relationship between temperature and
volume of production. He projected that the increase in average temperature during the years 2030 and 2049
will result in agricultural productivity loss. He also added that beyond that, it will also affect the economy,
impacting GDP, employment, income, consumption, migration flows, and food security. Brown et al. (2018)
added that the predicted increasing temperature due to climate change is also projected to increase the frequency
of weather events which are moderate or extreme deviations from average — more droughts, more intense, less
frequent rains, cold snaps, heat waves, and more violent storms. Such events have serious implications for the
productivity and profitability of bananas. While based on findings of Shayanmehr et al. (2020), using two
different models namely linear and non-linear models, the result showed that using a linear model, the result
shows that minimum temperature is negatively related to average yield while using the nonlinear model, the
relationship of minimum temperature and average yield is positive. In contrast, maximum temperature gives
positive effects on the yields in the linear model and negative effects in the non-linear model.

However, with all of these findings, Calberto et al (2015) mentioned that bananas will still thrive even under
higher temperatures associated with climate change. Desk studies on projected temperature and rainfall changes
confirm that land areas suitable for banana production will likely increase over the next decades with only a few
areas crossing the upper-temperature threshold by 2070. Similarly, De-Graft and Kweku (2012) use the Just-
Pope Production function to evaluate the impact of climatic variables on yield in Ghana. Based on the result of
their study, it reveals that the level of yield is positively related to temperature.

On the other hand, in relation to the occurrence of diseases, a change in temperature may favor the development
of different inactive pathogens, which could induce an epidemic (Charkraborty and Datta, 2003). Higher
temperatures will increase pest and disease risks in some plantations. Some diseases thrive during hot climates
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and make it easier to infect close crops (Knox et al., 2021). This is also supported by Zayan (2019) who pointed
out that high levels of temperature can cause infection and the spread of disease among crops. The yields will
decline if the temperature exceeds the crop’s optimum temperature and worse, the existence and infestation of
pathogens might occur. Climate change can cause interaction in crops and pathogens, certain levels of
temperature cause the host/crops to have higher resistance to plant diseases, changes in weather conditions and
patterns, and the limit of water availability can hurt agricultural production. Also, soil causes crops to lose their
biological function and become prone to certain diseases and pests that are caused by insufficient water levels
and dryness due to extreme temperature.

J. Relationship of Rainfall Amount and Banana Production

In certain parts of Southeast Asia, for instance, in the Philippines, high amounts of rainfall are either beneficial
to farmers for their plantations or harmful since it can damage their crops, depending on when it will occur
(Crost et al., 2018). This is supported by Ramirez, et al. (2011) who pointed out that in a specific place, an
increase in rainfall can be positive to those areas with limited rainfall while negative to those areas receiving
higher than optimum. Roberts et al. (2009) conducted a study to determine when above-average rainfall is
beneficial to the county. It showed that above-average rainfall for May to October showed a negative effect on
agricultural production and a positive effect during November to April since this is considered the dry season in
the country. During the wet season, farmers are faced with challenges in flooding and extreme weather events
like typhoons since crops are at greater risk during this period. On average, the country experiences 20 storms
per year and usually makes landfall on Eastern Visayas and Northern Luzon, above average in this season is
linked with lower agricultural production. In contrast, in the dry seasons, the crops pose a greater risk due to
doubt which results in a higher agricultural production brought by above-average rainfall in this season.

Crost et al. (2018) conducted a study regarding climate change and agricultural production in the Philippines. In
this study, it was stated that rainfall by season has a significant effect on the country’s agricultural production.
They examined the effect of rainfall by season on agricultural production as well as in civil conflict in the
country. Agricultural data were gathered from the Philippine Bureau of Agricultural Statistics and is publicly
available through the CountryStat database; rainfall measurements per province were constructed using the
Tropical Rainfall Measuring Mission's 3B43 algorithm. It provides monthly participation using various
microwave satellite estimates and rain gauge estimates. Based on their findings, they found that the forecasted
shift towards drier dry seasons and wetter wet seasons will cause harmful effects to agriculture which will also
strengthen the civil conflict. The relationship between rainfall and agricultural production seasonality was
confirmed and claimed that rainfall is linked to civil conflict and affects agriculture. Similarly, Salau et al.
(2016) revealed that excessive rainfall can reduce banana productivity and production is also small when rainfall
is very low with poor humidity. They further added that average rainfall of around 1891mm with a relative
humidity of approximately 77% will lead to a good annual production. Apart from that, Dell et al., (2012) also
added that changes in precipitation have relatively mild effects on national growth in both rich and poor
countries. While Alboghdady and El-Hendawy (2016) showed that precipitation variability during summer
seasons had a negative impact. However, in contrast to this, De-Graft and Kweku (2012) pointed out that the
level of yield is positively related to precipitation.

On the other hand, plants respond to drought stress through alteration in physiological and biochemical
processes (Devi et al., 2013). Bananas are sensitive to water shortages and waterlogging (Ortiz, 2012). The
study of Knox et al. (2021) determines the significance between increasing water stress and banana production.
Banana cultivation and management are based on the climate conditions of a region to provide the crops the
attention that it needs. The study presented water scarcity as a major threat to global agriculture and showed
water shortage in some areas resulting in reduced crop yield. Devi et al. (2013) made a similar study and found
that water deficit in plantations can reduce growth attributes in all stages. A deficit of 100 mm monthly rainfall
during the banana crop cycle can reduce bunch weight up to 9%, and regions with less than 1100mm per year
can cause losses between 20-65 % compared with other years that experienced more rainfall. Soil water deficit
limits plant growth and field crop production more than any other environmental stress (Zhu, 2002;
Almeselmani et al., 2011). It remains an ever-growing problem that severely limits banana production
worldwide and results in significant horticultural and agricultural losses specifically in dry and semi-dry areas
(Kallarackal et al., 1990). Bananas are found to have high demands of water to obtain maximized production
and it was discovered that a water shortage can cause a delay in the growth of plantations. Knox et al. (2021)
mentioned that commercial and smallholder production is affected by increasing rainfall variability and
competition for water resources; it yields losses of up to 65 % due to loss in bunch weight in moderate to low
rainfall areas.

In relation to the occurrence of plant diseases, Perez-Vicente et al. (2014) stated that a decrease in rainfall
during the driest and wettest quarter can cause deficit water stress condition making the plant highly susceptible
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to intense disease infection while an increase in precipitation during the warmest quarter can provide condition
(warm and wet) that is conducive for disease infection (Salvacion et al., 2019).

K. Relationship of Relative Humidity and Banana Production

The study conducted by Salau et al. (2016), shows that the banana production is high at moderately high
humidity while the production declines as the relative humidity reduce. Poor humidity, associated with low
rainfall and temperature will result in the low quality of bananas. Turner (1983) added that within 25°C to 30°C
in a preferably tropical humid lowland, bananas will grow well.

The low relative humidity is pointed to as one of the factors that cause banana finger drop. Finger drop is
defined as the weakening of the pedicel that causes the banana to fall from the crown and limits its shelf life
(Ketsa, 2007). The study of Semple & Thompson (1988) discovered that banana fruit is usually ripened at a
relative humidity (RH) of more than 90%, which will prevent early browning and splitting of the peel. Once the
required humidity does not meet, it can cause bananas to ripen faster that will hurt the growth and production of
the plantations. Saengpook et al. (2007) also made a study between relative humidity and finger drop in bananas
and discovered that there was a significant relationship between variables. The resistance of bananas to a finger
drop is seen in high levels of relative humidity than in bananas at low relative humidity. Another study by
Blankenship and Hederman (1995) that is aligned with the study of Saengpook et al. (2007) pointed out that
relative humidity on the quality of bananas, during production, the temperature should be more than 15 C to
control the relative humidity in the area. Weight loss and the condition of banana peels are the only variables
that are affected when tested with different levels of relative humidity.

L. Relationship of Panama disease and Banana Production

Any disruption to production caused by plant diseases will impact the economy and society, with far-reaching
implications beyond simple production losses (Ghini et al., 2011). Numerous pests and diseases pose constraints
to yields (Ortiz, 2012). According to Strange & Scott (2005), 10% of the losses on global food production are
caused by pests and diseases which are a threat to food security. Agrios (2005) estimated that annual losses by
disease cost $220 billion; these should be added to 6-12% losses of crops after harvest, which is particularly
high in developing tropical countries lacking infrastructure. Bananas have been the source of food and income in
some countries. As mentioned in the previous section, in the Philippines, banana is the leading fruit grown and
remained the top dollar earner with an estimated total production of 8, 884.63 thousand metric tons (mt) in 2014
(PSA 2015). However, in the last few years, pests and diseases are hindering banana cultivation and expansion
in some regions causing production constraints. One of these is Panama disease (Fusarium oxysporum f. sp.
cubense) (Ploetz et al., 2003) which is considered the most devastating disease that affects banana production
and distribution in plantations. Panama disease is also a threat in the banana export sector becoming a historical
footnote. This disease once caused Gros Michel cultivar in the banana industry to be extinct and now this
disease made its way back to Cavendish cultivar. Tropical Race 4 (TR4) once again threatens banana production
and exportations in the global market (Dela Cruz and Jansen, 2017). A similar idea was discussed by Salvacion
et al. (2019) in which it was mentioned that coincidence between areas with high and medium suitability for
bananas and occurrence of Fusarium wilt can pose a significant impact on the banana industry in the country
(Salvacion et al.,, 2019). A study by Soluri (2002) mentioned Claude Wardlaw during his tour in Central
America in 1927, Claude mentioned that as Panama disease spreads throughout the soil, this will lead to the
abandonment of farms. Therefore, there will be a decrease in output. Apart from that, the cost associated with
the disease will also affect the ability of local growers to supply the market (Cook et al., 2015).

Furthermore, Solpot et al. (2016) explain that there is a negative relationship between Panama disease and
banana production. They also discovered that fusarium wilt is present in both small- and large-scale plantations
in areas where banana production is expanding. Information on Panama in regions was gathered through survey
and collection of bananas that showed symptoms of the said disease in SOCCSKSARGEN and some areas of
Davao del Sur and Maguindanao. Moreover, similar results were suggested by Salau et al. (2016) in which the
occurrence of pests and diseases resulted in declining banana production. Both studies revealed that Panama
disease and volume of banana production show a negative relationship (Solpot et al., 2016 and Salau et al.,
2016).

In relation to the international market, the spread of the fungus not only decimates affected plantations but might
restrict export markets in the future, thereby affecting the income of producers (FAO, 2017a). If fusarium wilt
continues to spread in banana plantations, this can pose a serious threat to the banana industry. TR4 has a wide
host range and can infect different host cultivars of bananas particularly those intended for export and local
consumption (Solpot et al. 2016).

M. Relationship of Government Support and Banana Production
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A subsidy is a way of helping farmers to overcome financial constraints. This may also increase technical
efficiency through advancements in technology (Zhu & Lansink, 2010). In terms of inputs support from the
government which includes seeds, fertilizers, and other equipment subsidies, these inputs resulted in an increase
in agricultural production (Bardhan & Mookherjee, 2011; Andri et al., 2011; Muncan & Bozic, 2013;
Hosseingholizadeh, 2014; Yi et al., 2015). When agricultural input subsidies like fertilizer are provided, this
leads to an increase in the income of farmers (Mason & Smale, 2013; Yin et al., 2014). In contrast to this, Lu &
Guan (2017) found a negative relationship between input support and production due to inefficient use of
resources in the subsidy program. While Onumah (2014) found that input subsidies have no effect on production.
In terms of financial support which includes cash subsidies, insurance aid, loan aid, etc., these financial supports
are associated with an increase in crop production (Lencucha et al., 2020). This is also supported by
Laiprakobsup (2019) in which the author claimed that government subsidies give farmers more incentive to
increase their productivity.

Specifically, in the banana industry, Clegg (2002) discussed the importance of government support to banana
cultivation, shipment, and distribution to Europe. Government assistance even caused a rapid expansion of the
banana industry and made it the most significant export commaodity in the region. Financial assistance of tens of
thousands of pounds was given by the government for items such as disease control, fertilizers, and training of
agricultural officers in banana cultivation and production. The contribution of government support and private
industries caused an increase in banana production and exports.

Strong government support in bananas resulted in the availability of funds, land, and other government support
necessary to boost the industry. In the Philippines, government agencies have been regularly providing support
services to enhance the market orientation and competitiveness of banana farmers. The results showed that there
has been an increase in areas planted with bananas (Cavite and Abamo, 2017). It is similar to that of Malaysia.
Despite the challenges associated with their banana industry, banana cultivation stays due to the positive support
of the government (Molina and Roa, 2000). Based on a survey method collected from fifty banana farmers in
Indonesia, the results revealed that access to government support had helped them in growing bananas, leading
to a higher production of bananas compared to those who did not have access to similar government support
(Wulandari et al., 2017).

N. New Solutions to Carry Out in the Environmental and Economic Sphere

Several authors proposed their own recommendations and solutions to improve agricultural and living
conditions in regions of the Philippines. Salau et al. (2016) suggested strengthening agricultural policies in
plantations to prepare them for future climatic conditions and weather patterns. Farmers should have adequate
education and equip them with the capacity to cope with climate change, information should be easily available,
and provide them with solutions to improve crop production (Debela et al., 2015). Improving irrigation in
plantations with the proper use of fertilizer can help control the crop conditions and prevent the disease from
spreading from one crop to another. Production of bananas will also increase under well-monitored weather
conditions. Transportation and storage of harvested bananas should be under controlled temperature and
humidity to prevent the rotting of peals. Chandra et al. (2016) made similar recommendations to improve crop
areas that are vulnerable to climate change. They stressed that plantations that are involved with the effects of
climate change should be addressed immediately through broader coverage of insurance, subsidy, and other
compensation support for vulnerable farmers. Insurance should not be given to major crops like corn and rice,
but rather should be distributed to commodities. In doing this policy, small and marginal farmers are safe from
bigger risks and potential losses from damaged crops and plantations. In a study made by Cole et al. (2012), the
Agri-Agra Reform Credit (2009) scheme and Micro-insurance Regulatory Framework (2010) were called for
reform by the government. This gives farmers financial support that helps them improve agricultural plantations,
and private sectors are given the opportunity to invest in agricultural insurances. If climate change will worsen
in the future and farmers are not equipped with the necessary information, this could hurt the county’s food
supply and security. While Brown et al. (2018) mentioned that to prevent climate impact in the agricultural
sector, they suggested irrigation for droughts to block flood waste contaminating crops. Improved drainage will
cause water to evacuate more quickly than blocking entry into the field. Therefore, understanding the impacts of
climate change on agricultural production can help policymakers to come up with appropriate policies to
improve production and are expected to support and develop crop resistance from expected levels of
temperature.

In terms of crop disease, Coakley & Scherm (1996) said that soilborne pathogens will remain more difficult to
control than foliar pathogens because of fewer management options. Pathogens that are soilborne can survive
for years and will infect future plantations. Quarantine measures on soils are essential in controlling the disease.
Ghini et al. (2011) also stressed that quarantine measures have an important role in controlling pests and prevent
the spread in new areas. The latest study by Dita et al. (2013) stated measures to prevent the spread of fusarium
wilt in banana plantations. Scientists are still developing a cure for fusarium wilt in bananas, and the only way in

15



INTERNATIONAL JOURNAL OF SOCIAL AND MANAGEMENT STUDIES (IJOSMAS)
Vol 3 No 01 (2022) E-ISSN: 2775-0809

preventing the spread of the disease in plantations is to burn the crop which is time-consuming and costly. They
discussed that prevention is better than cure, pre-border and on-border to on-farm measures should be conducted
to spot infected crops. Awareness and farm biosecurity is essential in maintaining a productive plantation.

0. Hypotheses Statement

H,: Climate change variables and Panama disease have no significant impact on the volume of banana
production in the Davao Region, Philippines.

H,: Government support has no significant impact on the volume of banana production in the Davao Region,
Philippines.
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. METHOD
A. Method, Statistical Tools, Regression Model, and Statistical Treatment

The variables used in the study are (1) climate change; (2) Panama disease; (3) government support; (4) volume
of banana production. Climate change is determined through the following independent variable indicators: (1)
average temperature, (2) rainfall amount, and (3) relative humidity. Panama disease is an intervening variable
that is represented by O in its absence, and 1 in its presence. The government support is determined through the
allocation of government funds in the high-value crops in the Davao region. The volume of bananas produced is
the dependent variable.

The quantitative method of research was used to find patterns and make analyses. The study also applied a
correlational research design to measure and test the relationships between the dependent and independent
variables. Through statistical techniques, this study found out whether there is a positive, negative, or zero
correlation among variables. This method of research was used by different authors like Cinco (2014),
Villafuerte et al. (2014), and Salvacion (2019). Salvacion (2019) used this research design to assess the effect of
climate on banana yield in the Philippines by conducting time-series and regression analysis.

Moreover, this study was conducted on a regional scale, particularly in the Davao Region in the Philippines
since it is the top banana producer in the country (PSA, 2020). It composed of the following provinces: (1)
Davao del Norte, (2) Davao del Sur; (3) City of Davao; (4) Davao Oriental; (5) Compostela Valley; and, (6)
Davao Occidental which were assessed as a whole. This study has a scope of 30 years ranging from 1990-2019.
The period covered by this study is due to the limited availability of data.

Secondary data that were gathered from different government agencies are essential to adequately capture past
climate patterns and their effect on banana production in the study area, in this case, the Davao Region,
Philippines.
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The data on climatic indicators such as average temperature, rainfall amount, and relative humidity, were
obtained through data request to the official website of the Philippine Atmospheric, Geophysical and
Astronomical Services Administration (PAGASA): Climate and Agrometeorological Division (CAD). The
historical climate data ranges from 1990-2019 (30 years) in a yearly measure of average temperature (°C),
rainfall amount (mm), and relative humidity (%). In this study, seasonal variations were not taken into account.
Hence, a limitation of the study.

The data on the government support was obtained through the official website of the Department of Budget and
Management (DBM). This was measured through the budget allocated by the government and it ranges from
1990-2019 (30 years) in pesos.

The data on the volume of banana production was accessed through the official website of the Philippine
Statistics Authority (PSA): Crops Statistics Division. It ranges from 1990-2019 (30 years) in metric tons.

The data on the presence of Panama disease in the Davao Region was requested from the Department of
Agriculture: DA 11- High-Value Crops Development Program (DA XI- HVCDP) which was measured by 0 in
its absence, and 1 in its presence.

In this study, a multiple regression analysis was performed to identify and analyze the relationship between the
dependent variable (volume of banana production) and independent variable indicators (average temperature,
rainfall amount, relative humidity, Panama disease, and government support). Through a multiple regression
equation, the coefficients described the correlation between the dependent variable and independent variables
which allowed the researchers to determine the strength of the outcome and of each predictor variable and the
significant impact of each predictor on the dependent variable.

Multiple regression analysis was applied by Lobell et al. (2007), Lobell (2009), Cinco (2014), Villafuerte et al.,
(2014) and Salvacion (2019). Specifically, this study adapted the multiple regression model by Salvacion
(2019).

Volume of Banana Production = p0 + 1 average temperature + [2 rainfall amount + B3 relative humidity +
p4 Panama Disease + 5 Government Support + e
where Y is the volume of banana production, X is different climate variable indicators (average temperature,
rainfall amount, and relative humidity) with an intervening variable (Panama disease), government support, and
an error term which shows what the model does not fully represent on the actual correlation between the
dependent and independent variables.

Heteroskedasticity is a condition where the parameters and standard errors are said to be biased and inefficient
when the variance of the regression residuals of the model is time-varying. If it is uncorrected, it could lead to
wrong conclusions and decisions. To detect the presence of heteroskedastic disturbances in the residuals, the
White Heteroskedasticity Test and Breusch-Pagan Test will be used.

ARCH or Autoregressive conditional heteroskedasticity is a statistical model for time series data that is used to
analyze volatility to forecast future results. This was designed to improve different econometric models by
replacing assumptions of constant volatility with conditional volatility. The variance of the current error term or
innovation was used as a function of the actual size of the previous time periods' error terms.

The normality of residuals is the assumption that the underlying residuals are normally distributed. The null
hypothesis will be rejected when the p-value is less than the level of significance and thus, the residuals are not
from a normal distribution. While the null hypothesis will be accepted when the p-value is greater than the level
of significance.

Autocorrelation is a mathematical representation of a given time series and a lagged version of itself over
successive time intervals in the degree of similarity. This refers to the degree of correlation of the values of the
variable's current value and its past values in the data. The Durbin-Watson test is the most common method of
autocorrelation test that detects autocorrelation from a regression analysis.

Specification error test is manipulating the model by including irrelevant variables, excluding relevant variables,
or the functional form of the model. The test creates bias or inconsistency in regression estimators, and the

inconsistency can still be present even when sample observation increase
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Table 4.1 shows the summary statistics for all the variables from 1990-2019. In terms of temperature, the mean
temperature for the past 30 years is 28.17°C. The maximum temperature recorded during this period is 29.3°C,
recorded in 2016 and the minimum is 27.6°C recorded in 1995 and 1996. The 2016 average temperature was
29.3°C, an increase of more than 1 degree since the 1990 average of 27.9°C.

In terms of rainfall amount, the mean annual rainfall was 1834.9 mm. The highest annual rainfall was 2671.3
mm in the year 2017 and the year that received the least annual rainfall was 1992 with 1176.3 mm.

In terms of relative humidity, the mean relative humidity for the past 30 years is 80.63%. The maximum relative
humidity recorded during the observed periods is 85%, recorded in 2011 and the minimum is 76% recorded in
2018 and 2019.

The favorable climate for bananas is a rainfall of approximately 1500-2500mm, mean temperature of 27°C, and
within 25°C to 30°C (Turner, 1983). On average, the mean temperature of about 26°C and an average rainfall of
around 1891mm with a relative humidity of approximately 77% will lead to a good annual production. The
results of data shows that all values resulted to be within the range of good annual production— that also
remained consistent in the past 30 years. However, there are noticeable differences in the average rainfall
amount in which the average annual amount was less than the preferred amount of around 1891mm. This may
impact the production of crops in the region, particularly the production of bananas since it requires large
amounts of water throughout their growth and is sensitive to temperature changes. Large plantations have
irrigation systems and this may not be a big issue for them. However, small farmers who rely on rain to water
their crops could pose a severe constraint to their production due to water deficit and heat stress. While the data
showed that the temperature has increased, the temperature in Davao region may not likely have imposed a
major constraint to banana production since it still falls in the range for optimal growing. However, increasing
temperature could have had an impact on the quality of the fruit, especially in sugar development and
ripening (Ramirez et al., 2011). Increase of temperature in the future could push current temperatures higher to
the levels where heat stress and injury to fruit can take place. As listed in Chapter 2, when the
temperature is high, it has an impact on the crop at different points in its growth, which includes the stage
of harvest and during packing where cooling systems are required to prevent fruit from ripening prematurely
before distribution. Higher temperatures could also affect the prevalence and range of banana pests and
diseases.

In terms of government support, there has been an upward trend for the past 30 years. The highest government
support recorded during the observed period is in 2016 and the lowest recorded is in 1993.

In terms of banana production, the mean volume of banana production for the past 30 years is around
2,529,400mt. The maximum volume of banana production during the covered periods is around 3,854,800mt,
recorded in 2011 and the minimum is around 1,045,100mt recorded in 1990. Historical data shows that the
volume of banana production is increasing over time. A significant change in the banana industry occurred
during the administration of President Gloria Macapagal-Arroyo, from 2001 to 2010 (Hasanah, 2019).

Table 1. Summary Statistics
Observations: 1990-2019

Variable Mean Median Minimum Maximum Std. Dev
Average Temperature 28.167 28.100 27.600 20300 0.41384
Rainfall Amount 1834.9 1817.1 11763 26713 344.91
Relative Humidity 80.633 81.000 76.000 85.000 22067
Panama Disease 036667 0.00000 0.00000 1.0000 0.49013
Government Support 6.4623e+007 2.9604e+007 7.4745e+006 3.7844e+008 9.5032e+007
Banana Production 2.32%e+006 2.401e+006 1.045e+006 3.855e+006  9.9307e+005

Using the Ordinary Least Squares, Table 2 shows the regression results. The annual volume of banana
production in the Davao Region served as the dependent variable while the independent variables used are the
average temperature, rainfall amount, relative humidity, Panama disease, and government support from 1990-
2019. The p-value of constant, average temperature, and relative humidity are significant at 0.01 alpha which
means that they have a 99% level of significance to the volume of banana production. The p-value of rainfall
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amount is significant at 0.05 alpha which means that it has a 95% level of significance to the dependent variable.
Meanwhile, the Panama disease and government support are insignificant. The coefficient of determination (R2)
was 0.82, which relates to a strong relationship between the independent variables and the volume of banana
production. The Durbin Watson has a value of 1.11; the p-value of Durbin Watson is 0.000633368 which is less
than the alpha of 0.05. The negative relationship between the climate variable indicators and the volume of
banana production might be due to the increase in both typhoons and droughts in the region that significantly
affected the volume of production of bananas. For instance in 2012, Typhoon Pablo was the strongest cyclone
that hit the Philippines which caused widespread destruction and Davao Region experienced the most damage.
Moreover, statistically, all climate variable indicators with a dummy variable (Panama disease) and government
support have negative relationships with the volume of banana production. However, it also shows that only
climate variable indicators have a negative significant relationship with the volume of banana production. This
is supported by the studies of Ghini et al. (2011), Sabiiti et al. (2016), and Salau et al. (2016). Specifically, in
terms of temperature, Ravi & Vaganan (2016), Salau et al. (2016), and Salvacion (2019) mentioned that higher
temperatures will affect the growth of bananas. There is only a specific optimum temperature required (Dell et
al., 2012; Ortiz, 2012; Salau et al., 2016; Salvacion, 2019). Calberto et al. (2015) mentioned that on average, the
mean temperature of about 26°C will lead to a good annual production. In terms of rainfall amount, the findings
of this study contrasted the study of Tanure et al. (2019), Ramirez, et al (2011) and Devi et al. (2013) which
showed that there is a direct relationship between rainfall and banana production especially in areas with limited
rainfall amounts. Bananas are found to have lower growth attributes at all stages due to water deficit. While the
study of Salau et al. (2016) found that excessive rainfall can reduce banana production. The ideal rainfall
amount for a good annual production is ideally around 1891mm or approximately 1500-2500mm (Banana
Production Manual, 2001). In terms of relative humidity, this study contrasted the findings of Saengpook et al.
(2007) and Salau et al. (2016) that there is a positive relationship between relative humidity and the volume of
banana production. On the other hand, Salau et al. (2016), Solpot et al. (2016), Dela Cruz and Jansen (2017),
and Salvacion et al. (2019) found that there is an inverse relationship between the occurrence of Panama disease
and the volume of banana production whereas, in this study, the researchers have found no significant
relationships between the two variables. The same results applied with the relationship of government support
and banana production although Bardhan & Mookherjee (2011), Andri et al. (2011), Muncan & Bozic (2013),
Hosseingholizadeh (2014), and Yi et al. (2015) found that government support has a positive relationship with
the volume of banana production. The insignificance of relationships of these two independent variables must be
further analyzed and studied in the future.

The negative significant relationship among climate variable indicators and the volume of banana production is
due to the following reasons: 1) bananas are sensitive to changes in climate and it requires specific optimum
temperature, water amount, and relative humidity to grow. A decrease in banana production shows the increase
and/or presence of climate change, as explained in the previous analysis; 2) because the threat of climate change
in the agricultural industry is foreseeable, as is the rising presence of pests and illnesses in the region, the region
faces great challenges in maintaining its position as the top banana producer both domestically and globally.
While the insignificant relationship between the panama disease and government support to the volume of
banana production may be due to other other factors that were not able to be controlled by this research. For
instance, the presence of data constraints in panama disease. In the past 30 years, there has been a stagnating
trend in government support and a high peak for only a few years. Therefore, more research is needed to
reconcile these differences.

As a whole, this partially rejects the first null hypothesis that climate change variables have no significant
impact on the volume of banana production in the Davao Region, Philippines, and partially accepted that
including Panama disease, it has no significant impact on the volume of banana production in the Davao Region,
Philippines. This accepts the second null hypothesis that government support has no significant impact on the
volume of banana production in the Davao Region, Philippines.
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Table 2. Regrassion Results
Dependent Variable: Volume of Banana Production
Sample: 1990- 2019

Variable Coefficient Std. Error t-Ratio P-value

Constant -118.769 255582 4647 00001+
Fainfall Amount 0678782 0.254803 2.667 0.0135%=*
Average Temperature 25,8226 589308 4380  0.0002**+*
Belative Humidity 8.34348 201875 4717 350e 05w
Panama Disezse 0165160 0.139209 1.186 02471
Government Support 0.0103143 0.0760765 01336 0.8033
R-squared 0.823597  Mezn dependent var 1463638
Adjusted R-squared 0.786847  5.D. dependent var 0442606
S.E. of regreseion 0204345 Akaike criterion -4 834841
Sum squared resid 1.002161  Schwarz criterion 3.571343
Log-likelihood 2417421  Hannen-Chuinn -1.145311
F statistic 22.4104%  Durbin-Watson 1.112851

Since Table 2 shows that the two independent variables are insignificant to the volume of banana production,
further regression results were obtained to maintain the precision of the model. Table 3 shows the new
regression results. It shows that all independent variables, namely average temperature, rainfall amount, and
relative humidity are significant at 0.01 alpha, which means that they have a 99% level of significance to the
volume of banana production. The coefficient of determination (R2) was 0.81, which relates to a strong
relationship between the independent variables and the volume of banana production. The Durbin Watson has a
value of 1.37; the p-value of Durbin Watson is 0.0148885 which is less than the alpha of 0.05. Moreover,
statistically, all climate variable indicators have negative significant relationships with the volume of banana
production. This rejects the null hypothesis that climate change variables have no significant impact on the
volume of banana production in the Davao Region, Philippines.

Table 3. Regression Results
Dependent Variable: Volume of Banana Production
Sample: 1990- 2019

Variable Cocfficient Std. Error t-Ratio P-value
Constant -142.481 17.2479 -8.261 9.64e-09%**
Rainfall Amount 0.825984 0.220435 3.747 0.0009%#*
Average Temperature 31.5187 3.38040 9.324 8.92e-010%**
Relative Humidity 10.4189 1.85250 5.624 6.53e-06%**
R-squared 0.811314 Mean dependent var 14.65628
Adjusted R-squared 0.789542 S.D. dependent var 0.442606
S.E. of regression 0.203049 Akaike criterion -6.815324
Sum squared resid 1.071947 Schwarz criterion -1.210534
Log-likelihood 7.407662 Hannan-Quinn -5.022304
F statistic 37.26495 Durbin-Watson 1.365479
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Table 4 shows the diagnostic results of the regression. P-values are greater than 0.05 alpha which means that the
null hypothesis is accepted. It shows that heteroskedasticity is not present using White’s test and Breusch-
Pagan’s test. There is no ARCH effect present, the error is normally distributed, no autocorrelation error, and no
specification error test using Ramsey’s reset test.

Table 4. Diagnostic Test Results

Null hypothesis: heteroskedasticity not present
White's Test for heteroskedasticity Test statistic: LI= 4.8039
With p-value= 0.851057

MNull bypothesis: heteroskedasticity not present
Breusch-Pagan test for heteroskedasticity Test statistic: L= 0.46021
With p-value= 0.927342

Null hypothesis: no ARCH effect is present
Test for ARCH Test statistic: LM= 1.03432
With p-value= (.309145

MNull hypothesis: error is normally distributed
Test for normality of residual Test statistic: Chi-square (2) = 1.495%%
With p-value= 0.472368

Null hypothesis: no autocorrelation
LM test for autocomrelation Test statistic: LMF= 102854
With p-value= (.320218

(squares and cubes)
Test statistic: F= 2.963526
With p-value= 0.0703

(zquares only)
Bleset test for specification Test statistic: F= 0780209

With p-value= 0.383

(cubes only)
Test statistic: F=0.821638
With p-value= 0.373

V. CONCLUSION

The Davao Region Industry Clusters Roadmap shows that the banana industry is the recommended priority of
LGUs and NGAs. Some of the major constraints on the banana value chain are the issues and concerns
regarding weather factors, banana diseases, and access to financing. The results show that climate variable
indicators namely average temperature, rainfall amount, and relative humidity have a negative significant
relationship to the volume of banana production. Meanwhile, Panama disease and government support have
been found to be insignificant to the dependent variable.

Socio economic impacts of climate change could be substantial especially to agricultural productivity,
depending on the increase of temperature and crop location. Economic losses are expected as climate change
progresses particularly in the tropics and high latitudes. Changes in climate could potentially increase the
incidence of drought and flood events that leads to a decrease in livestock production and agricultural
productivity, particularly among subsistence farmers in tropical regions. Another impact that is caused by
climate change to the socio economic system is the decline in labor productivity. The increase of temperature
can cause heat stress among farmers that affect economic activities, loss of production that will lead to
economic loss. Poverty among farmers is another socio economic impact of climate change. Climate change has
the potential to disrupt crop productivity and affect domestic agricultural production, consumption, and food
security. With typhoons brewing up and rising temperature at a more erratic pace, Filipino farmers find it harder
to produce food for the nation. Farmers are also expected to shoulder financial losses or take up loans which will
be the last resort.

Moreover, there is not enough national climate change research agenda, nor is there appropriate research
information, expertise, scientific guidelines, standards, or indicators for monitoring climate change and
identifying associated hazards to different crops. The initiative to create a well-organized national and local
climate risk information network aimed at farmers and other important sector stakeholders has stagnated.
Farmers can then adapt to climate change once they successfully know and perceive that there are
environmental changes happening. Even though farmers have the ability to adapt autonomously to
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environmental changes, it may still happen that climate change brings conditions out of the farmer's normal
range of experience. Therefore, sufficient support and knowledge sharing for adaptation needs to happen
successfully in order to prepare local communities for climate change. Climate-proof systems are in everyone’s
interest for better growth and sustainability of crops. There is a need to understand how local farmers can adapt.
It is found that there are profound impacts on the global markets and production if there are no changes in
banana production. Plant breeding should be considered to select and breed cultivars that are found with higher
resistance to diseases, heat, and drought to overcome the negative impacts of climate change to the banana
sector, while high productivity under the conditions of more variable water supply should be maintained.
Irrigation is also not an option for everyone and the water supply may change in the next few years. During dry
months, irrigations are unavailable, especially for small growers. Water-saving techniques like mulching or
rainwater collection are important for seasons with less rainfall. A common technique used by many farmers to
increase and expand their production is intercropping; this allows other crops to benefit from one another. On
hot sunny days, intercropping with coconuts and durian will help decrease local temperatures and provide shade
for other crops. As for commercial farmers, there is a need for irrigation systems to be maintained and optimized
to use water wisely. There is a window for adaptation to occur: the Philippines and Davao region should include
climate change adaptation in the development of plans and policies. There is a need to conduct further studies
and research to elaborate the climate risk on the production of bananas in the country.

The research findings helped to solve socio economic issues such as threats in banana production which can
affect the country’s total production and market position globally due to climate change. Davao region is
enormously challenged to carry on its identity as the top producer of bananas domestically and globally due to
the threat of climate change in the agricultural industry that is absolutely inevitable with increasing occurrence
of pests and diseases in the area. With this, there is a need for the creation of a strong relationship between the
farmers and the government and vice versa. There are some opportunities for the farmers that are overlooked
like the protection of production areas as to the implementation of peace and order in the community. With that,
the DA could conduct more training on Good Agricultural Practices (GAP) to give proper education to farmers
on how to manage damaged crops and handle them. This can achieve inclusive growth and reduce poverty
among farmers.

There are various programs that evaluate climate-related issues. For instance, the Climate Change Commission
continues to monitor climate action at the national level, publishing papers such as the Monitoring and
Evaluation Report and the National GHG Inventory. It has also strengthened its monitoring capacity with the
improvement of the National Integrated Climate Change Database and Information Exchange System
(NICCDIES). At the local level, the Project Climate Twin Phoenix is a comprehensive and long term capacity
development program for cities and municipalities to manage climate change risks in the impacted areas in
Mindanao's Regions 10 and 11. The project will fund an information, education, and communication campaign
to raise public awareness of climate change and its effects, as well as strengthen the competencies of local
government units responsible for mainstreaming climate/disaster risk management into local land use and
development planning and regulatory processes. The project will also promote the development of climate
resilient livelihoods and risk sharing/transfer mechanisms to help disadvantaged communities become more
resilient.

To address the risks in banana production, the Department of Agriculture can support the supply of financial and
non-financial support services required to boost the banana industry's competitiveness, such as:

A To boost extension support, education and training services (ESETS) to banana farmers since this only
started in 2014.
B. Technical assistance in research and development. The Department of Agriculture, Department of

Trade and Industry, Department of Science and Technology, Cooperative Development Authority, state
universities and colleges, and other relevant government entities will provide infrastructural development,
financial, and market information.

C. The Philippine Crop Insurance Corporation's insurance scheme (PCIC) shall be broadened to include
high-value crops. The premium rates will not be determined based on the results of previous rice and corn
initiatives. This is provided by the government to safeguard agricultural producers against crop loss due to
natural disasters, plant pests and disease, and/or other risks.

D. The High Value Crop Development Fund (HVCDF) shall be used to make loans to farmers. CARP
recipients, as well as other farmers' groups, associations, and cooperatives, are subject to the current Land Bank
interest rates.

E. To ensure high yield and good quality product, the Department of Agriculture, in collaboration with
state universities and colleges (SUCs), the Department of Trade and Industry, and farmers groups, will make
good seeds and materials commonly accessible to farmers/farmers' cooperatives. However, subject to quarantine
laws and the Seed Industry Development Act of 1992, project proponents may be authorized to import good
quality seeds/planting materials duty-free.
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As a whole, this study contributes to having an understanding of the need for an agricultural transformation
emerging from the problems of climate change and plant diseases which connect environmental, economic, and
socio-political landscapes. There is a need to work with provincial and local government units to strengthen
their awareness and capacity to integrate this climate and plant disease risk data and analytical insights into their
planning processes to help address the further impact on food security and livelihoods of the community in the
future. Understanding the key risks and vulnerabilities such as through this highly localized analysis of climate-
related impacts on critical value chains and livelihood groups is a first, yet very important, step in order to
identify the most appropriate policies and programs that the Philippine government and partners should consider
in their effort towards building resilient food systems. Coordination from the local level to national governments
will help in arriving at the optimal level of annual government budget in the banana industry.

Further studies must be conducted to have a deeper understanding of the relationships between each of the
independent variables to the volume of banana production. The lack of data about the potential factors that
influence the relationships of the variables may lead to insufficient information which may lead to inefficient
decisions. The Department of Agriculture reported that banana production could have been better in terms of
quality and quantity; however, there are some factors to consider that contribute to its depletion, such as a lack
of entrepreneurial capabilities and continued traditional farming practices for small growers and farmers, dispute
on land acquisition, labor issues, as well as ineffective pest and disease management. Production has also been
limited as a result of high input and transportation costs, all of which can have a significant impact on banana
output levels in different Philippine provinces. These can therefore be analyzed in the future. Moreover, the
frequency of extreme events was not included and analyzed which could be useful information in climate
change adaptation planning. Because future climate conditions are likely to differ substantially from continent to
continent and from developed to emerging countries, research must be done in tropical regions that take into
account their unique environmental variables.

REFERENCES
[1] Agrios. G. N. (2005). What have we learned from 15 years of free-air CO2 enrichment (FACE)? A meta-analytic review of the
responses of photosynthesis, canopy properties and plant production to rising CO2. London, UK. Elsevier: New Phytologist, 165, 351-372.
[2] Ahanger, R. A., Bhat, T. A., Junaid, J., Khan, O. A, Haq, S., Ganai, S. A, . . . Bhat, H. A. (2013). Impact of Climate Change on
Plant Diseases. International Journal of Modern Plant & Animal Sciences. Retrieved from

www.ModernScientificPress.com/Journals/IJPlant.aspx

[3] Akkaravessapong, P., Joyce, D., & Turner, D. (1992). The relative humidity at which bananas are stored or ripened does not
influence their susceptibility to mechanical damage. Scientia Horticulturae, 52(3), 265-268. doi:https://doi.org/10.1016/0304-
4238(92)90027-A

[4] Alboghdady, M. & El-Hendawy, S.E. (2016). "Economic impacts of climate change and variability on agricultural production in
the Middle East and North Africa region". International Journal of Climate Change Strategies and Management, 8(3), 463-472.
https://doi.org/10.1108/1JCCSM-07-2015-0100

[5] Almeselmani, M., Abdullah, F., Hareri, F., Naaesan, M., Ammar, M., ZuherKanba, O., & Saud, A. (2011). Effect of Drought on
Different Physiological Characters and Yield Component in Different Varieties of Syrian Durum Wheat. Journal of Agricultural Science,
3(3). doi:10.5539/jas.v3n3p127

[6] Amadore, L. (n.d.). Philippine Strategy on Climate Change Adaptation. seors. Retrieved November 29, 2021, from
https://seors.unfccc.int/applications/seors/attachments/get_attachment?code=6A8DFSD8UX2W3

[7] Anderson, K. (2013). Distortions to Agricultural Incentives. Washington, DC: The World Bank. https://doi.org/10.1596/978-0-
8213-7665-2

[8] Andri, K. B., Santosa, P., & Arifin, Z. (2011). An empirical study of supply chain and intensification program on Madura
tobacco industry in East Java. International Journal of Agricultural Research, 6 (1), 58-66. 10.3923/ijar.2011.58.66

[9] Arora-Jonsson, S. (2011). Virtue and vulnerability: Discourses on women, gender and climate Change. Elsevier: Global
Environmental Change, 21 (1), 745-747. doi:10.1016/j.gloenvcha.2011.01.005

[10] Asseng, S., Zhu, Y., Wang, E., & Zhang, W. (2015). Crop modeling for climate change impact and adaptation. Elsevier: In Crop
Physiology, 505-546. doi: 10.3390/plants8020034.

23



INTERNATIONAL JOURNAL OF SOCIAL AND MANAGEMENT STUDIES (IJOSMAS)
Vol 3 No 01 (2022) E-1SSN: 2775-0809

[11] Assuncdo, J., & Chein, F. (2016). Climate change and agricultural productivity in Brazil: future perspectives. Environment and
Development Economics, 1-22. Doi: 10.1017/S1355770X1600005X

[12] Australia, Australian  Growers  Council. (n.d.). Panama Disease. Retrieved March 15, 2021, from
http://www.fao.org/fileadmin/templates/banana/documents/Docs_Resources_2015/TR4/Panama-d isease-FS.pdf

[13] Bagtasa, G. (2017). Contribution of Tropical Cyclones to Rainfall in the Philippines. American Meteorological Society Journals,
30 (10), 3621-3623. https://doi.org/10.1175/JCLI-D-16-0150.1

[14] Bardhan, P., & Mookherjee, D. (2011). Subsidized Farm Input Programs and Agricultural Performance: A Farm-Level Analysis
of West Bengal's Green Revolution, 1982-1995. American Economic Journal: Applied Economics, 3 (4), 186-190. DOI:
10.1257/app.3.4.186

[15] Barrett, C., Bachke, M., Bellemare, M., Michelson, H., & Narayanan, S. (2012). Smallholder Participation in Contract Farming:
Comparative Evidence from Five Countries. Elsevier: World Development, 40 (4), 715-720. https://doi.org/10.1016/j.worlddev.2011.09.006
[16] Beach, R., & McCarl, B. (2010). U.S. Agricultural and Forestry Impacts of the Energy Independence and Security Act: FASOM
Results and Model Description. Washington, DC: Research Triangle Institute. Retrieved from

https://yosemite.epa.gov/sab/sabproduct.nsf/962ffb6750050099852577820072dfde/$file/fasom+r eport_eisa_fr.pdf

[17] Blanc, E., & Strobl, E. (2016). Assessing the Impact of Typhoons on Rice Production in the Philippines, American
Meteorological Society: Journal of Applied Meteorology and Climatology, 55 (4), 993-1005. https://doi.org/10.1175/JAMC-D-15-0214.1
[18] Blankenship, S. M., & Hederman, R. W. (1995). High relative humidity after ethylene gassing is important to banana fruit
quality. HortTechnology, 5 (1), 150-151. https://doi.org/10.21273/HORTTECH.5.2.150

[19] Brief history of banana Fusarium Wilt. (n.d.). Retrieved March 15, 2021, from http://www.sun.ac.za/english/faculty/agri/plant-
pathology/acatr4/background/brief-historyOf-banana-fusarium-wilt

[20] Brown, D., Calberto, G., Blake, D., Staver, C., & Carvajal. M. (2018) The frequency and effects of weather events on banana
productivity — results of a global survey. ISHS Acta Horticulturae, 1196 (1), 179-186. https://doi.org/10.17660/ActaHortic.2018.1196.22
[21] Calberto, G., Blake, D., Staver, C., Carvajal, M. & Brown, D. (2018). The frequency and effects of weather events on banana

productivity - results of a global survey. Acta Hortic, 1196 (1), 179-186. DOI: 10.17660/ActaHortic.2018.1196.22

[22] Calberto, G., Staver, C., & Siles, P. (2015). An assessment of global banana production and suitability under climate change
scenarios. In Climate Change and Food Systems: Global Assessments and Implications for Food Security and Trade, A. Elbehri, ed. Food
Agriculture Organization of the United Nations (FAO), pp. 264-291

[23] Calica, G. B., Lingbawan, K., & Dela Cruz, R. (2018). Assessment of the Postharvest Handling Systems and Losses of Cardava
Banana in the Philippines. doi:10.13140/RG.2.2.19939.40489

[24] Carr, M. K. V. (2009). The Water Relations and Irrigation Requirements of Banana (Musa Spp.). Experimental Agriculture.
Retrieved from https://www.cambridge.org/c8re/journals/experimental -agriculture/article/abs/water-relations-and -irrigation-requirements-
of-banana-musa-spp/05891D7F8A34F0D4F2D9726ECFAS00E7

[25] Cavite, H. J., & Abamo, A. (2017). Profitability Analysis of Banana (Musa balbisiana) Industry in Bato, Leyte, Philippines: A
Value Chain Approach. International Journal of Agricultural Technology, 13. http://www.ijat-aatsea.com.

[26] Charkraborty, S., & Datta, S. (2003). How will plant pathogens adapt to host plant resistance at elevated CO2 under a changing
climate? New Phytologist, 159 (1), 733-742.

[27] Chandra, A., McNamara, K., Dargusch, P., Caspe, A., & Dalabajan, D. (2016). Gendered vulnerabilities of smallholder farmers
to climate change in conflict-prone areas: A case study from Mindanao, Philippines, Elsevier: Journal of Rural Studies, 50 (1), 45-57.
https://doi.org/10.1016/j.jrurstud.2016.12.011

[28] Chakraborty, S., & Datta, S. (2003). How will plant pathogens adapt to host plant resistance at elevated CO2 under a changing
climate? New Phytologist, 159 (1), 733-742. https://doi.org/10.1046/].1469-8137.2003.00842.x

[29] Chao, Y., Wu, C., Wu, H., & Chen, W. (2018). Trend analysis for national SURVEYS: Application to all variables from the
Canadian Health Measures Survey Cycle 1 to 4. PLOS ONE, 13(8). doi:10.1371/journal.pone.0200127

[30] Chou, C., & Lan, C. (2012). Changes in the Annual Range of Precipitation under Global Warming. Jstor: Journal of Climate, 25
(1), 222. DOI: 10.1175/JCLI-D-11-00097.1

[31] Chou, C., Chiang, J., Lan, C., Chung, C., Liao, Y., & Lee, C. (2013). Increase in the range between wet and dry season
precipitation. Nature Geoscience, 6 (1), 263-264. https://doi.org/10.1038/nge01744

[32] Cinco, T., De Guzman, R., Hilario, F., & Wilson, D. (2014). Long-term trends and extremes in observed daily precipitation and

near surface air temperature in the Philippines for the period 1951-2010. Science direct: Atmospheric Research, 145-146 (1), 12-14.
https://doi.org/10.1016/j.atmosres.2014.03.025

24


https://doi.org/10.1175/JCLI-D-16-0150.1
https://doi.org/10.1175/JAMC-D-15-0214.1
https://doi.org/10.17660/ActaHortic.2018.1196.22
http://www.ijat-aatsea.com/
https://doi.org/10.1046/j.1469-8137.2003.00842.x

INTERNATIONAL JOURNAL OF SOCIAL AND MANAGEMENT STUDIES (IJOSMAS)

Vol 3 No 01 (2022) E-ISSN: 2775-0809
[33] Clegg, P. (2002) The Establishment of The WindWard Islands Banana Industry: Commercial Opportunity and Colonial
Necessity. Social and Economic Studies, 51 (2). https://www.jstor.org/stable/27865279.
[34] Climate change impacts. (n.d.). Retrieved May 01, 2021, from https://niccdies.climate.gov.ph/climate-change-impacts
[35] Coakley, S. M., & Scherm H. (1996). Plant disease in a changing global environment. Aspects of Applied Biology, 45 (1), 227—

38. https://agris.fao.org/agris-search/search.do?recordID=GB19970005302

[36] Cole, S., Bastian, G., Vyas, S., Wendel, C., & Stein, D. (2012). The effectiveness of index-based micro-insurance in helping
smallholders manage weather-related risks. London: EPPI-Centre, Social Science Research Unit, Institute of Education, University of
London. Retrieved from https://www.biopasos.com/biblioteca/105v%20MicroinsuranceWeather2012ColeReport.pdf

[37] Cook, D. C., Taylor, A. S., Meldrum, R. A., & Drenth, A. (2015). Potential economic impact of Panama disease (Tropical Race
4) on the Australian banana industry. Journal of Plant Diseases and Protection, 122 (5-6), 229-237. doi:10.1007/bf03356557

[38] Crost, B., Duguennois, C., Felter, J. & Rees, D. (2018). Climate change, agricultural production and civil conflict: Evidence from
the  Philippines,  Elsevier:  Journal ~ of  Environmental = Economics and  Management, 88 (1), 379-  390.
https://doi.org/10.1016/j.jeem.2018.01.005

[39] Cruz, F., Narisma, G., Villafuerte, M., Chua, K., & Olaguera, L. (2013). A climatological analysis of the southwest monsoon
rainfall in the Philippines. Science direct: Atmospheric Research, 122 (1), 609-610. https://doi.org/10.1016/j.atmosres.2012.06.010

[40] Dait, J.M. (2015). Effect of Climate Change on Philippine Agriculture. International Journal of Science and Research (IJSR), 4
(9), 1922-1924

[41] Daniells, J., Englberger, L., & Lorens, A. (2011). Banana and Plantain. Specialty Crops for Pacific Island Agroforestry.
Permanent Agriculture Resources (PAR), Holualoa, Hawai. Retrieved from https://agroforestry.org/images/pdfs/Banana_specialty_crop.pdf
[42] De-Graft, H., & Kweku, C. (2012). The Effects of Climatic VVariables and Crop Area on Maize ¢ Sciences, Yield and Variability
in Ghana. Russian Journal of Agricultural and Socio-Economic, 10 (10), 10-12. DOI: 10.18551/rjoas.2012-10.02

[43] Debela, N., Mohammed, C., Bridle, K., Corkrey, R., & McNeil D. (2015) Perception of climate change and its impact by

smallholders in pastoral/agropastoral systems of Borana, South Ethiopia. SpringerPlus, 4 (1), 236. https://doi.org/10.1186/s40064-015-1012-
9

[44] Dela Cruz, J., & Jansen, K. (2017). Panama disease and contract farming in the Philippines: Towards a political ecology of risk.
Journal of Agrarian Change, 249- 264. https://doi.org/10.1111/joac.12226

[45] Dela Cueva FM, Silva FF MAS, Sinohin VGO, Molina AB. (2014). Evaluation of different Musa cultivars against “Fusarium
oxysporum f. sp. cubense tropical race 4”. Poster Presented at the 4th International Banana Symposium 2014 in Davao City, Philippines.
November 17-21, 2014

[46] Delos Reyes, J. H. & Pelupessy, W. (2009) Agrarian Reform in the Philippine Banana Chain (Discussion Paper / 2009.03)
Institute of Development Policy and Management

[47] Delos Reyes, M., & David, W. (2009). The effect of EI Nifio on rice production in the Philippines. Phillipine Agricultural
Scientist, 92 (2), 170.

[48] Dell, M., Jones, B. F., & Olken, B. A. (2012). Temperature shocks and economic Growth: Evidence from the last half century.
American Economic Journal: Macroeconomics, 4(3), 66-95. doi:10.1257/mac.4.3.66

[49] Department of Agriculture. (2018). Philippine Banana Industry Roadmap 2019-2022. Retrieved from https://www.da.gov.ph/wp-
content/uploads/2019/06/Philippine-Banana-Industry-Roadma p-2019-2022.pdf

[50] Department of Agriculture (2021). Regional Profile. Retrieved from http://davao.da.gov.ph/index.php/about-us/regional-profile
[51] Department of the Interior and Local Government (2011). Climate Change in the Philippines. Retrieved from
https://dilg.gov.ph/PDF_File/reports_resources/DILG-Resources-2012130-2ef223f591.pdf

[52] Digal, L. (2007). Agricultural Contracts in Mindanao: the Case of Banana and Pineapple. Philippines: Philippine Institute for
Development Studies. Retrieved from https://dirp4.pids.gov.ph/ris/dps/pidsdps0724.pdf

[53] Dikitanan, R., Grosjean, G., Nowak, A., & Leyte, J. (2017). Climate-Resilient Agriculture in Philippines. Retrieved from
https://cgspace.cgiar.org/bitstream/handle/10568/82572/CRA_Profile_Philippines.pdf

[54] Dita, M. A., Garming, H., Van den Bergh, I., Staver, C., & Lescot, T. (2013). Bananas in Latin America and the Caribbean:
Current state, challenges and perspectives. Acta Hortic, 986 (1), 365-380. DOI: 10.17660/ActaHortic.2013.986.39

[55] Dourte, D. R., Fraisse, C. W., & Bartels, W. (2015) Exploring changes in rainfall intensity and seasonal variability in the

Southeastern U.S.: Stakeholder engagement, observations, and adaptation. Climate Risk Management, 7 (1), 11-19.
https://doi.org/10.1016/j.crm.2015.02.001

[56] Drenth, A., Kema, G. H., Dita, M., Jansen, K., Vellema, S., & Stoorvogel, J. J. (2021). Fusarium wilt of banana, a recurring
threat to global banana production. Frontiers in Plant Science, 11:628888, doi:https://doi.org/10.3389/fpls.2020.628888

25



INTERNATIONAL JOURNAL OF SOCIAL AND MANAGEMENT STUDIES (IJOSMAS)

Vol 3 No 01 (2022) E-ISSN: 2775-0809
[57] Drenth A., & Taylor, A. (2015). Potential Economic Impact of Panama Disease (Tropical Race 4) on the Australian Banana
Industry. Journal of Plant Diseases and Protection -New Series, 122 (5-6), 229-237. DOI: 10.1007/BF03356557
[58] Enabling Regions 10 and 11 to Cope With Climate Change (Project Climate Twin Phoenix, n.d)
[59] Food and Agriculture Organization (FAO). 2015. The State of Food and Agriculture. Food and Agricultural Organization of the

United Nations, Rome

[60] Food and Agriculture Organization (FAO). 2017a. Banana Market Review 2015-2016. Food and Agricultural Organization of the
United Nations, Rome

[61] Food and Agriculture Organization (FAO). 2017b. Banana Statistical Compendium 2015-2016. Food and Agricultural
Organization of the United Nations, Rome

[62] Food and Agriculture Organization of the United Nations (n.d). Planting the seeds of recovery in the Philippines after typhoon
Haiyan. Retrieved from http://www.fao.org/in-action/planting-the-seeds-of-recovery-in-the-philippines-after-typhoon-haiy an/en/

[63] Fresh Fruit Portal (2015). Land reform regulation bill threatens world's second-largest banana exporter. Retrieved from
https://www.freshfruitportal.com/news/2015/05/08/land-reform-regulation-bill-threatens-worlds-s econd-largest-banana-exporter/

[64] Wageningen University & Research. Fusarium Wilt. (2019, June 19). Retrieved March 15, 2021, from
https://fusariumwilt.org/index.php/en/about-fusarium-wilt/

[65] Gaard, G. (2015). Ecofeminism and climate change. Elsevier: Women's Studies International Forum, 49 (1), 20-22.
https://doi.org/10.1016/j.wsif.2015.02.004

[66] Garcia-Bastidas, F., Ordofiez, N., Konkol, J., Al-Qasim, M., Naser, Z., Abdelwali, M., Salem, N., Waalwijk, C., Ploetz, R., &
Kema,G. (2014). First Report of Fusarium oxysporum f. sp. cubense Tropical Race 4 Associated with Panama Disease of Banana outside
Southeast Asia. The American Phytopathological Society Publications, 96 (1), 653. https://doi.org/10.1094/PDIS-09-13-0954-PDN

[67] Garcia-Bastidas, F. A., Quintero-Vargas, J. C., Ayala-Vasquez, M., Schermer, T., Seidl, M. F., & Santos-Paiva, M. (2020). First
report of Fusarium wilt Tropical race 4 in Cavendish bananas caused by Fusarium odoratissimum in Colombia. Plant Disease, 104 (1), 994—
994. doi: 10.1094/PDIS-09-19- 1922-PDN

[68] Gavin, S., & Campbell, E. (2008). Heat and temperature, Continuing Education in Anaesthesia Critical Care & Pain. 8 (3), 104—
107. https://doi.org/10.1093/bjaceaccp/mkn014

[69] Getting a grip on climate change in the Philippines. (n.d.). Retrieved March 12, 2021, from
https://www.worldbank.org/en/country/philippines/publication/getting-a-grip-on-climate-ch ange-in-the-philippines

[70] Ghini, R., Bettiol, W., & Hamada, E. (2011). Diseases in tropical and plantation crops as affected by climate changes: Current
knowledge and perspectives. Plant Pathology, 60 (1), 122-132. do0i:10.1111/j.1365-3059.2010.02403.x

[71] Grossman, M. (2018). Climate Change and the Individual. The American Journal of Comparative Law, 66 (1), 345.
https://doi.org/10.1093/ajcl/avy018

[72] Guia, J. (2012). Davao del Norte: The Banana Capital of the Philippines. Retrieved from
https://www.vigattintourism.com/tourism/articles/Davao-del-Norte- The-Banana-Capital-of -the-Philippines

[73] Guo, H., Jolly, R., & Zhu, J. (2007). Contract Farming in China: Perspectives of Farm Households and Agribusiness Firms.
Springer Link: Comparative Economic Studies, 49 (1), 285-290. https://doi.org/10.1057/palgrave.ces.8100202

[74] Gupta, R., & Mishra, A. (2019). Climate change induced impact and uncertainty of rice yield of agro-ecological zones of India.
Elsevier: Agricultural systems, 173 (1), 1-9. https://doi.org/10.1016/j.agsy.2019.01.009

[75] Hanif, U., Syed, S., Ahmad, R., Malik, K., & Nasir, M. (2010). Economic impact of climate change on the agricultural sector of
Punjab. The Pakistan Development Review, 49 (4), 771-798. doi:10.2307/41428690

[76] Hasanah, M. (2019). Between the domination of transnational companies and its discourse on business and human rights
Contract farming and banana small farmers in the Davao Region (The Philippines).

[77] Hosseingholizadeh, N., Haghighat, J., & Mohammadrezaei, R. (2014). Examining Subsidy Polices on Maize Production in Iran
(Panel Data Approach). International Journal of Agricultural Management and Development (IJAMAD), 4 (3), 171-182.
10.22004/ag.econ.246095

[78] Hubbell, S., & Gilbert, G. (1996). Plant Diseases and the Conservation of Tropical Forests: Conservation planners need to
consider the roles diseases play in natural communities. BioScience, 46(2), 98-104. https://doi.org/10.2307/1312812

[79] IPCC, 2007. Climate Change 2007: Synthesis Report. In: Pachauri, R.K., Reisinger, A. (Eds.), Contribution of Working Groups

I, Il and Il to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Core Writing Team. IPCC., Geneva,
Disponivel em: https://www.ipcc.ch/ipccreports/tar/wg1/029.htmistoryal

26



INTERNATIONAL JOURNAL OF SOCIAL AND MANAGEMENT STUDIES (IJOSMAS)
Vol 3 No 01 (2022) E-1SSN: 2775-0809

[80] IPCC (2012). Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. A Special Report of
Working Groups I and Il of the Intergovernmental Panel on Climate Change, Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L.
Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. Midgley, eds. (Cambridge University Press, Cambridge,
UK, and New York, NY, USA).

[81] Jones, R. A. C. (2016) Chapter Three - Future Scenarios for Plant Virus Pathogens as Climate Change Progresses. Advances in
Virus Research, 95 (1), 87-147. https://doi.org/10.1016/bs.aivir.2016.02.004

[82] Jost, C., Kyazze, F., Naab, J., Neelormi, S., Kinyangi, J., Zougmore, R., Aggarwal, P., Bhatta, G., Chaudhury, M., Tapio-
Bistrom, M., Nelson, S., & Kiristjanson, P. (2015). Understanding gender dimensions of agriculture and climate change in smallholder
farming communities. Taylor & Francis Online: Climate and Development, 8 (2), 133-135. https://doi.org/10.1080/17565529.2015.1050978

[83] Juruena MH., Molina AB., & Dalisay, T. (2014). Expression of Resistance and Susceptibility of “Cardava” and “Lakatan” Musa
sp. Against Various Strains of Fusarium oxysporum f. sp. cubense Schl. under Screenhouse Condition. Poster Presented at the 4th
International Banana Symposium 2014 in Davao City, Philippines. November 17-21, 2014.

[84] Kallarackal, J., Milburn, J., & Baker, D. (1990). Water Relations of the Banana. I1l. Effects of Controlled Water Stress on W ater
Potential, Transpiration, Photosynthesis and Leaf Growth. Australian Journal of Plant Physiology, 17 (1), 79-90.
doi:https://doi.org/10.1071/PP9900079

[85] Kamarck, A. M. (n.d.). The tropics and economic development : A provocative inquiry into the poverty of nations. Retrieved
March 18, 2021, from https://documents.worldbank.org/en/publication/documents-reports/documentdetail/7756 91468780881698/the-
tropics-and-economic-development-a-provocative-inquiry-into-thePoverty-of-nations

[86] Kema, G., Drenth, A., Dita, M., Jansen, K., Vellema, S., & Stoorvogel, J. (2020). Editorial: Fusarium Wilt of Banana, a
Recurring Threat to Global Banana Production. Frontiers in Plant Science: Plant Pathogens Interactions, 11 (628888), 1-3.
doi:10.3389/fpls.2020.628888

[87] Ketsa, S. (2007) Effects of relative humidity on banana fruit drop. Postharvest Biology and Technology, 45(1).
DOI:10.1016/j.postharvbio.2007.02.004

[88] Koide, N., Robertso, A., Ines, A., Qian, J., DeWitt, D., & Lucero, A. (2013). Prediction of Rice Production in the Philippines
Using Seasonal Climate Forecasts. American Meteorological Society: Journal of Applied Meteorology and Climatology, 52 (3), 552-565.
https://doi.org/10.1175/JAMC-D-11-0254.1

[89] Kong, F., & Singh, R. (2011). Chemical deterioration and physical instability of foods and beverages. Food and Beverage
Stability and Shelf Life. Retrieved from https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/relative-humidity

[90] Kreft, S., Eckstein, D., Junghans, L., Kerestan, C., & Hagen, U. (2014). Global Climate Risk Index 2015: Who Suffers Most
From Extreme Weather Events? Weather-related Loss Events in 2013 and 1994 to 2013. Retrieved from
https://www.germanwatch.org/sites/germanwatch.org/files/publication/10333.pdf

[91] Knox, J.W., Panigrahi, N., Thompson, A. J., & Zubelzu, S. (2021). Identifying opportunities to improve management of water
stress in banana production. Scientia Horticulturae, 276. doi:https://doi.org/10.1016/j.scienta.2020.109735

[92] Know before you go: The Philippines. (2021, February 10). Retrieved March 12, 2021, from
https://www.nationalgeographic.com/travel/article/partner-content-know-before-you-go-the-
philippines#:~:text=Located%20in%20the%20Pacific%200cean,inhabited%20%E2%80%94%20that%20form%20an%?20archipelago

[93] Krishna Surendar, K., Rajendran, V., Durga Dev, D., Jeyakumar, P., Ravi, I., & Velayudham, K. (2013). Impact of water deficit
on growth attributes and yields of banana cultivars and hybrids. African Journal of Agricultural Research, 8(48), 6116-6125.
doi:10.5897/AJAR2013.7455

[94] Laiprakobsup, T. (2019). The policy effect of government assistance on the rice production in Southeast Asia: Comparative case
studies of Thailand, Vietnam, and the Philippines. Development Studies Research, 6(1), 1-12.
https://doi.org/10.1080/21665095.2019.1568900.

[95] Lencucha, R., Pal, N.E., Appau, A., Thow, A., & Drope, J. (2020). Government policy and agricultural production: a scoping
review to inform research and policy on healthy agricultural commodities. Springer Nature: Global Health, 16 (11), 1.
https://doi.org/10.1186/s12992-020-0542-2

[96] Li, Y., Ti, F., Wang, Y., & Gudaj, R. (2019). The Value of El Nifio-Southern Oscillation Forecasts to China’s Agriculture.
Multidisciplinary Digital Publishing Institute: Sustainability, 11 (15), 1-2. https://doi.org/10.3390/su11154184

[97] Licuanan, W. Y., Cabreira, R. W., & Alifio, P. M. (2018). World Seas: An Environmental Evaluation (Second Edition). 2, 515-
537. doi:https://doi.org/10.1016/B978-0-08-100853-9.00051-8

[98] Lockie, S., Travero, J., & Tennent, R. (2015). Private food standards, regulatory gaps and plantation agriculture: Social and

environmental (ir)responsibility in the Philippine export banana industry. Journal of Cleaner Production, 107, 122-129.
doi:https://doi.org/10.1016/j.jclepro.2014.03.039

27



INTERNATIONAL JOURNAL OF SOCIAL AND MANAGEMENT STUDIES (IJOSMAS)
Vol 3 No 01 (2022) E-1SSN: 2775-0809

[99] Lu,L., & Guan, L. (2017). Efficiency evaluation of effect of direct grain subsidy policy on performance of rice production. Asian
Agricultural Research, 9(4), 11-15. 10.22004/ag.econ.262768

[100] Ma, L., Viljoen, A., & Molina, A. (2020). Fusarium Wilt (Panama Disease) and Monoculture in Banana Production: Resurgence
of a Century-Old Disease. The American Phytopathological Society, 159-165. https://doi.org/10.1094/9780890546383.008

[101] Magnaye, L. (2001). Status of Panama Disease in the Philippines: Proceedings of the International Workshop on the Banana
Fusarium Wilt Disease. Davao National Crop Research and Development Center. 50-57.

[102] Major Exports & Imports Of The Philippines — Bananas, Coconut Oil & Wheat All Features (2020, November 5). Retrieved
March 13, 2021, from https://commodity.com/data/philippines/

[103] Mann, M. E. (2018). Global warming - socioeconomic consequences of global warming. Encyclopedia Britannica. Retrieved
November 30, 2021, from https://www.britannica.com/science/global-warming/Socioeconomic-consequences-of-global-war ming

[104] Mason, N.M., & Smale, M. (2013). Impacts of subsidized hybrid seed on indicators of economic well-being among smallholder
maize growers in Zambia. The Journal of International Association of Agricultural Economists, 44(6), 659-70.
https://doi.org/10.1111/agec.12080

[105] McCarthy, J. (2020). Why Climate Change and Poverty Are Inextricably Linked. Global Citizen. Retrieved November 30, 2021,
from https://www.globalcitizen.org/en/content/climate-change-is-connected-to-poverty/

[106] Milmo, C. (2014). Bananageddon: Millions face hunger as deadly fungus Panama disease decimates global banana crop.
Independent. Independent Digital News & Media Limited, London. Retrieved from
https://www.independent.co.uk/news/world/politics/bananageddon-millions-face-hunger-deadly-f ungus-decimates-global-banana-crop-
9239464 .html

[107] Molina, A. B., & Roa, V. N. (2000). Advancing banana and plantain R&D in Asia and the Pacific.
https://books.google.com.ph/books?hl=en&Ir=&id=I1\VV4k4j85r2 AC&oi=fnd&pg=PA108&dg=gov
ernment+support+banana&ots=2S2QRAXIj4&sig=2FDuOVtLie_Ei_WhJPIKOVUEBS4&redir_es
c=y#v=onepage&g=government%20support%20banana&f=false.

[108] Molina, A. B., Fabregar, E. G., Sinohin, V., Fourie, G., & Viljoen, A. 2008. Tropical race 4 of Fusarium oxysporum f. sp.
cubense causing new Panama wilt epidemics in Cavendish varieties in the Philippines. Phytopathology, 98(108).

[109] Molina, A. B., Fabregar, E., Sinohin, V. G., Yi, G., Fourie, G., and Viljoen, A. 2009. Recent occurrence of Fusarium oxysporum
f. sp. cubense tropical race 4 in Asia. Acta Hortic, 828, 109-116.

[110] Molina, AB., Fabregar, EG., Ramillete, EB., Sinohin, VGO., Viljoen, A., Chao, CP. (2014). Field resistance of selected banana
cultivars against tropical race 4 of Fusarium oxysporum f. sp. cubense in the Philippines. Poster Presented at the 4th International Banana
Symposium 2014 in Davao, City. November 17-21, 2014

[111] Muncan P., & Bozic, D. (2013). The effects of input subsidies on field crop production in Serbia. Economics of Agriculture,
60(3), 585-586.

[112] Nordas, R., & Gleditsch, N. (2014). Climate Change and Conflict. Springer Link: Natural Resource Management and Policy, 46
(1), 1. https://doi.org/10.1007/978-3-319-10954-1_3

[113] Nozawa, K. (2016). Banana production and cooperatives in the Philippines: A structure for self-reliance of farmer growers under
agrarian reform. Philippine Review of Economics, 53(2), 119-146. Retrieved from
https://econpapers.repec.org/article/phsprejrn/v_3a53_3ay_3a2016_3ai_3a2_3ap_3al19-146.html

[114] Nunes, C. N., Yagiz, Y., & Emond, J. (2013) Influence of environmental conditions on the quality attributes and shelf life of
‘Goldfinger’ bananas. Postharvest Biology and Technology, 86 (1), 309-320. https://doi.org/10.1016/j.postharvbio.2013.07.010

[115] Onumah, J.A., Williams, P.A., Quaye, W., Akuffobea, M., & Onumah, E.E. (2014). Smallholder cocoa farmers access to on/off-
farm support services and its contribution to output in the eastern region of Ghana. Asian Journal of Agriculture and Rural Development,
4(10), 484-495. 10.22004/ag.econ.198429

[116] Ordofiez, N., Garcia-Bastidas, F., Laghari, H., Akkary, M., Harfouche, E., Awar, B., & Kema, J. (2015). First Report of
Fusarium oxysporum f. sp. cubense Tropical Race 4 Causing Panama Disease in Cavendish Bananas in Pakistan and Lebanon. The
American Phytopathological Society Publications, 100 (1), 1. https://doi.org/10.1094/PDIS-12-14-1356-PDN

[117] Ordonez, N., Seidl, M., Waalwijk, C., Drenth, A., Kilian, A., Thomma, B., Ploetz, R., & Kema, G. (2015) Worse Comes to
Worst:  Bananas and Panama Disease—When Plant and Pathogen Clones Meet. Plos Pathogens, 11(11), 1-2.
https://doi.org/10.1371/journal.ppat.1005197

[118] Ortiz, A. D. (2012). Climate Change Impacts on Banana Production in the Davao Region of the Philippines (Unpublished
master's  thesis).  University —of Natural Resources and Applied Life Sciences, Vienna. Retrieved from
https://www.researchgate.net/publication/267153187_Climate_Change_Impacts_on_Banana_Production_in_the_Davao_Region_of the_Phi
lippines

28



INTERNATIONAL JOURNAL OF SOCIAL AND MANAGEMENT STUDIES (IJOSMAS)
Vol 3 No 01 (2022) E-1SSN: 2775-0809

[119] Other Crops: Volume of Production, by Region and by Province, 1990-2019. (2020, June 30). Retrieved from
https://openstat.psa.gov.ph/PXWeb/pxweb/en/DB/DB__2E__CS/0062E4EVCP1.px/?rxid =bdf9d8da-96f1-4100-ae09-18ch3eaeb313.

[120] Overview: Weather, global warming and climate change. (2021, January 28). Retrieved March 12, 2021, from
https://climate.nasa.gov/resources/global-warming-vs-climate-change/

[121] Pacheco, B., Aquino, R., Tanzo, W. (2010). "Typhoon Engineering" Efforts in the Philippines. Retrieved from
http://www.iawe.org/WRDRR/2010/Aquino.pdf

[122] PAGASA. (n.d.). Retrieved May 01, 2021, from http://bagong.pagasa.dost.gov.ph/information/climate-change-in-the-philippines
[123] Panama disease. (n.d.). Retrieved from https://www.britannica.com/science/Panama-disease

[124] Panama disease Tropical race 4 - Department of Agriculture. (n.d.). Retrieved March 15, 2021, From
https://www.agriculture.gov.au/pests-diseases-weeds/plant/panama-disease-tropical-rac E-4

[125] Pegg, K. G., Moore, N. Y., & Sorenson, S. (1993). Fusarium wilt in the Asian Pacific region. Agricultural Research, 47, 637-650

[126] Peng, S., Huang, J., Sheehy, J. E., Laza, R. C. & Visperas, R. M. (2004). Rice yields decline with higher night temperature from
global warming. Proceedings of the National Academy of Sciences, 101 (27), 9971-9975.

[127] Perez-Vicente, L., Dita, M., & De la Parte, E. (2014). Regional Sensitization Seminar and Workshop on the Prevention And
Diagnostic of Fusarium Wilt (Panama Disease) of Bananas and Plantains Caused by Fusarium oxysporum f. sp. cubense — Tropical Race 4.
Retrieved from http://www.fao.org/fileadmin/templates/agphome/documents/Pests_Pesticides/caribbeantr4/00Fin alReport.pdf

[128] Philippines. (2021, March 05). Retrieved March 12, 2021, from https://www.britannica.com/place/Philippines

[129] Philippines, Philippine Statistics Authority, Sectoral Statistics Office. (1987-2020). Selected Statistics on Agriculture.

[130] Philippine Atmospheric, Geophysical and Astronomical Administration. (n.d.). Climate of the Philippines. Retrieved April 09,
2021, from http://bagong.pagasa.dost.gov.ph/information/climate-philippines

[131] Philippine Institute for Development Studies (PIDS). (2005). Basics on Philippine climatology. Philippine Institute for
Development Studies, V(2), Retrieved from https://dirp4.pids.gov.ph/ris/eid/pidseid0502.pdf

[132] Philippine  Statistics Authority. (2020). Major Fruit Crops Bulletin, October-December 2020. Retrieved from
https://psa.gov.ph/fruits-crops-bulletin

[133] Ploetz R., & Pegg K. (1997). Fusarium wih of banana and Wallace's line: Was the disease originally restricted to bis Indo-
Malayan region?. Australasian Plant Pathology, 26 (4), 239- 249. 10.1071/AP97039

[134] Ploetz, R.C., Thomas, J.E., & Slabaugh, W.R. (2003) Diseases of Banana and Plantains. In: Diseases of Tropical Fruit Crops.
CABI Publishing, CABI International, Wallingford, Oxon, 73-134. http://dx.doi.org/10.1079/9780851993904.0073

[135] Ploetz, R. (2006). Fusarium wilt of banana is caused by several pathogens referred to as Fusarium oxysporum f. sp. cubense. The
American Phytopathological Society, 96 (6), 653-654. DOI: 10.1094/PHY TO-96-0653

[136] Quitoriano, E. (2008). In the Hands of Farm Workers: Can Banana Commercial Farms Survive?. Retrieved from
https://vdocuments.site/in-the-hands-of-farm-workers-can-banana-commercial-farms-survive-200 8.html

[137] Ramirez, J., Jarvis, A., Bergh, 1., Staver, C., & Turner, D. (2011). Changing Climates: Effects on Growing Conditions for Banana
and Plantain (Musa spp.) and Possible Responses. Wiley Online Library, 426-428. https://doi.org/10.1002/9780470960929.ch29

[138] Ravi, I., & Vaganan, M. (2016). Abiotic Stress Tolerance in Banana. Springer: biotic Stress Physiology of Horticultural Crops,
207. https://doi.org/10.1007/978-81-322-2725-0_12

[139] Regional Development Council XI, Davao Region Industry Cluster Roadmaps 2014-2030 (2014). http://industry.gov.ph/wp-
content/uploads/2015/07/Davao_Region_Industry_Clusters_Roadmaps _2014-2030.pdf

[140] Regniere, J. (2012). Invasive Species, Climate Change and Forest Health. Springer Link: Forests in Development: A Vital
Balance, 27-32. DOI https://doi.org/10.1007/978-94-007-2576-8_3

[141] Roberts, M., Dawe, D., Falcon, W., & Naylor, R. (2009). EI Nifio—Southern Oscillation Impacts on Rice Production in Luzon,
the Philippines. Journal of Applied Meteorology and Climatology, 48 (8), 1718- 1720. https://doi.org/10.1175/2008JAMC1628.1

[142] Robinson, J.C., & Galan-Salco, V. (2010). Banana and plantains. CAB. In International v. 19

[143] Rodeo, A (2016). The Philippine Fruit Industry: An Overview. Retrieved from
https://www.researchgate.net/publication/311067359_The_Philippine_Fruit_Industry_An _Overview

29


https://doi.org/10.1007/978-81-322-2725-0_12

INTERNATIONAL JOURNAL OF SOCIAL AND MANAGEMENT STUDIES (IJOSMAS)
Vol 3 No 01 (2022) E-1SSN: 2775-0809

[144] Roperos, N.I,. & Magnaye L.V. (1991). Status of Banana Diseases in the Philippines in Banana Diseases in Asia and the Pacific:
Proceedings of the Technical Meeting on Diseases Affecting Banana and Plantain in Asia and at the Pacific, Brisbane, Australia. 15-18
April 1991. Montpellier, France: INIBAP pp. 52-66.

[145] Rosegrant, M. W., Perez, N., Pradesha, A., & Thomas, T. S. (2016). The economywide impacts of climate change on Philippine
agriculture. International Food Policy Research Institute (IFPRI). https://doi.org/10.2499/9780896292451

[146] Rosenzweig, C., & Liverman, D. (1992). Predicted effects of climate change on agriculture: A of temperate and tropical regions.
In Global climate change: Implications, challenges, and mitigation measures, ed. S. K. Majumdar, PA, USA: The Pennsylvania Academy of
Sciences, pp. 342-361.https://www.scirp.org/(S(i43dyn45teexjx455q1t3d2q))/reference/ReferencesPapers.aspx? ReferencelD=1126874

[147] Rowntree, K. (1989). Rainfall characteristics, rainfall reliability and the definition of drought: Baringo District, Kenya. Taylor
Francis Online, 71(2), 74-80. DOI:10.1080/03736245.1989.9713513

[148] S-012021-118-Hipolito [Zip]. (2021, February 15). Quezon City: Philippine Atmospheric, Geophysical and Astronomical
Services Administration (PAGASA).

[149] Sabiiti, G., Ininda, j., Ogallo, L., Opijah, F., Nimusiima, A., Otieno, G., Ddumba, S., Nanteza, J., & Basalirwa, C. (2016).
Empirical relationship between banana yields and climate variability over Uganda. Journal of Environmental & Agricultural Sciences, 7 (1),
3-10.

[150] Saengpook, C., Ketsa, S., & Doorn, W. (2007). Effects of relative humidity on banana fruit drop. Science direct: Postharvest
Biology and Technology, 45 (1), 151-153. https://doi.org/10.1016/j.postharvbio.2007.02.004

[151] Salvacion, A. (2019). Effect of climate on provincial-level banana yield in the Philippines. Science direct: Information
Processing in Agriculture, 7 (1), 50-56. https://doi.org/10.1016/j.inpa.2019.05.005

[152] Salvacion, A., & Martin, A. (2016). Climate change impact on corn suitability in Isabela province, Philippines. Journal of Crop
Science and Biotechnology, 19 (1), 223. https://doi.org/10.1007/s12892-016-0019-2

[153] Salvacion, A. R., Cumagun, C. J., Pangga, |. B., Magcale-Macandog, D. B., Cruz, P. C., Saludes, R. B., & Aguilar, E. A. (2019).
Banana suitability and Fusarium wilt distribution in the Philippines under climate change. Spatial Information Research, 27(3), 339-349.
doi:10.1007/s41324-019-00239-3

[154] Salau, O. R., Momoh, M., Olaleye, O. A., & Owoeye, R. S. (2016). Effects of Changes in Temperature, Rainfall and Relative
Humidity on Banana Production in Ondo State, Nigeria. WSN 44, 143-154.
https://www.researchgate.net/publication/325710372_Effects_of Changes_in_Temperature_Rainfall_and_Relative_Humidity_on_Banana_
Production_in_Ondo_State_Nigeria

[155] Semple, A. J., & Thompson A. K., (1989). Influence of the ripening environment on the development of finger drop in bananas.
Science and Food Agriculture, 46 (2), 139-146I. https://doi.org/10.1002/jsfa.2740460203

[156] Shayanmehr, S., Henneberry, S., Sabouni, M., & Foroushani, N. (2020). Drought, Climate Change, and Dryland Wheat Yield
Response: An Econometric Approach. MDPI: International Journal of Environmental Research and Public Health, 17 (14), 1-16.
https://doi.org/10.3390/ijerph17145264

[157] Shi, Z., Huang, H., Wu, Y., & Chiu, Y. (2020). Climate Change Impacts on Agricultural Production and Crop Disaster Area in
China. International Journal of Environmental Research and Public Health. doi:10.3390/ijerph17134792

[158] Simmons, P. (2002). Overview of Smallholder Contract Farming in Developing Countries. Retrieved from
http://www.fao.org/3/ae023e/ae023e00.htm

[159] Smith, R. (2015). Banana Production in Greenhouses. Retrieved from https://conservancy.umn.edu/handle/11299/175841

[160] Solomon S., Qin D., Manning M., Marquis, M., Averyt, K., Tignor, M., Miller, H., & Chen, Z. (2007). Climate Change 2007:
The Physical Science Basis. Contribution of Working Group | for the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change. Cambridge, UK: Cambridge University Press. https://www.ipcc.ch/report/ar4/wgl/

[161] Solpot, T. C., Pangga, I. B., Baconguis, R. D., & Cumagun, C. R. (2016). Occurrence of Fusarium oxysporum f. sp. cubense
Tropical Race 4 and other genotypes in banana in South-Central Mindanao, Philippines. Philippine Agricultural Scientist, 99(4), 370-378.
https://www.cabi.org/isc/abstract/20173082649

[162] Soluri, J. (2002). Accounting for Taste: Export Bananas, Mass Markets, and Panama Disease. Environmental History, 7(3), 386-
410. doi:10.2307/3985915

[163] Sonke, S., Eckstein, D., Dorsch. L. and Fischer, L. (2016). Global climate risk index. Who Suffers Most From Extreme Weather
Events? Weather-related Loss Events in 2014 and 1995 to 2014. Briefing Paper. Bonn: Germanwatch. Retrieved from
https://reliefweb.int/sites/reliefweb.int/files/resources/13503.pdf

[164] Stover RH, (1962). Fusarium wilt (Panama disease) of bananas and other Musa species. Kew, Commonwealth Mycological
Institute

30



INTERNATIONAL JOURNAL OF SOCIAL AND MANAGEMENT STUDIES (IJOSMAS)
Vol 3 No 01 (2022) E-1SSN: 2775-0809

[165] Strange R. N., & Scott P.R. (2015) Plant Disease: A Threat to Global Food Security. Annual Review of Phytopathology, 43, 83-
116. https://doi.org/10.1146/annurev.phyto.43.113004.133839

[166] Surendar, K. K., Rajendran, V., Devi, D. D., Jeyakumar, P., Ravi, I., & Velayudham, K. (2013) Impact of water deficit on growth
attributes and yields of banana cultivars and hybrids. African Journal of Agricultural Research, 8(48), 6116-6125. DOI:
10.5897/AJAR2013.7455

[167] Tanure, T. M. P., Miyajima, D. N., Magalhdes, A. S. Domingues, E. P., & Carvalho, T. S. (2019). The Impacts of Climate
Change on Agricultural Production, Land Use and Economy of the Legal Amazon Region Between 2030 and 2049. Economia (2020).
https://doi.org/10.1016/j.econ.2020.04.001

[168] Timmusk, S., Nevo, E., Ayele, F., Noe, S., & Niinemets, U. (2020). Fighting Fusarium Pathogens in the Era of Climate Change:
A Conceptual Approach. MDPI: Pathogens, 9 (6), 1-2. doi: 10.3390/pathogens9060419

[169] Tolentino, P., Poortinga, A. ,Kanamaru, H., Keesstra, S., Maroulis, J., David, C., & Ritsema, C. (2016). Projected Impact of
Climate Change on Hydrological Regimes in the Philippines. Plos one, 11(10), 1-3. https://doi.org/10.1371/journal.pone.0163941

[170] Turner D. W., Lahav E. (1983) The growth of banana plants in relation to temperature. Australian Journal of Plant Physiology,
10, 43-54. https://doi.org/10.1071/PP9830043

[171] United Nations Food and Agriculture Organization (FAO). (2012). Crop water information: banana. Retrieved from
http://www.fao.org/nr/water/cropinfo_banana.html

[172] Velicer, Wayne & Fava, Joseph. (2003). Time Series Analysis. 10.1002/0471264385.wei0223

[173] Viljoen, A., Ma, L., & Molina, A. B. (2020). CHAPTER 8: Fusarium wilt (panama disease) and monoculture in banana
Production: Resurgence of a Century-Old Disease. Emerging Plant Diseases and Global Food Security, 159-184.
doi:10.1094/9780890546383.008

[174] Viljoen, A. (n.d.). The History and Current Status of Banana Fusarium Wilt: From bananarama to bananagedon? from
http://www.fao.org/fileadmin/templates/banana/documents/Docs_Resources_2015/TR4/Current_status_of_Fusarium_wilt_disease_of_bana
na_and_future_risks-Altus_Viljoen.p df

[175] Villafuerte, M., Matsumoto, J., Akasaka, ., Takahashi, H., Kubota, H., & Cinco, T. (2014). Long-term trends and variability of
rainfall extremes in the Philippines. Science direct: Atmospheric Research, 137 (1), 1-5. https://doi.org/10.1016/j.atmosres.2013.09.021

[176] Vurro, M., Bonciani, B., & Vannacci, G. (2010). Emerging infectious diseases of crop plants in developing countries: impact on
agriculture and socio-economic consequences. Food Security, 2 (1), 113-132.

[177] Wiley, J., (2008). The Banana: Empires, Trade Wars, and Globalization. University of Nebraska Press, Lincoln

[178] Workman, D. (2020). Bananas Exports by Country. Retrieved from https://www.worldstopexports.com/bananas-exports-country/
[179] Woulandari, E., Supyandi, E., & Supyandi, D. (2017). IOP Conference Series: Earth and Environmental Science. In Agricultural
Production and Access to In-kind Finance from Government: A Study of Banana Farms in Cianjur District, West Java. IOP Publishing Ltd.

https://iopscience.iop.org/article/10.1088/1755-1315/166/1/012042/meta.

[180] Yabhia, E. M. (2019). Postharvest Technology of Perishable Horticultural Commaodities. 1-41. doi:https://doi.org/10.1016/B978-0-
12-813276-0.00001-8.

[181] Yi, F., Sun, D., & Zhou, Y. (2015). Grain subsidy, liquidity constraints and food security—Impact of the grain subsidy program
on the grain-sown areas in China. Science Direct: Food Policy, 50 (1), 114-120. https://doi.org/10.1016/j.foodpol.2014.10.009

[182] Yin, R., Liu, C., Zhao, M., Yao, S., & Liu, H. (2014). The implementation and impacts of China's largest payment for ecosystem
services program as revealed by longitudinal household data. Science Direct: Land Use Policy, 40 (1), 45.
https://doi.org/10.1016/j.landusepol.2014.03.002

[183] Yu, R., Chen, H., & Sun, W. (2015). The Definition and Characteristics of Regional Rainfall Events Demonstrated by Warm
Season Precipitation over the Beijing Plain. Journal of Hydrometeorology, 16 (1), 396-406. doi:https://doi.org/10.1175/JHM-D-14-0086.1

[184] Zayan, S. (2019). Impact of Climate Change on Plant Diseases and IPM Strategies. Plant Pathology and Management of Plant
Diseases. doi:10.5772/intechopen.87055

[185] Zhu, X., & Lansink, A. (2010). Impact of CAP Subsidies on Technical Efficiency of Crop Farms in Germany, the Netherlands
and Sweden. Journal of Agricultural Economics, 61 (3): 545-564. https://doi.org/10.1111/j.1477-9552.2010.00254.x

31



