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ABSTRACT: Protected agriculture has great potential for the vegetable industry in the Philippines as it
allows the application of modern cultivation techniques to mitigate adverse weather conditions and
enable farmers to manage pests and diseases efficiently. Thus, to address the increasing demand for food
in the Philippines, one strategy to increase vegetable production which is tested and/or proven is through
the intensified use of protective structures. This review describes the magnitude and potential of agricul-
ture in the Philippines, focusing on the protected cultivation of horticultural crops. The Philippines is far
behind in greenhouse technologies compared to other Asian countries where thousands to millions of
hectares are used for protected vegetable cultivation. Several studies have investigated the economic via-
bility and applicability of low- and high-cost protective structures in typhoon-prone countries such as the
Philippines, demonstrating that protective structures are feasible and profitable. Also, the impact of pro-
tected cultivation as compared to the open field has resulted in significantly higher yield and better qual-
ity of produce. Hence, the Philippine government with the assistance of the Republic of Korea agreed to
improve the country’s flagging vegetable industry and endeavor to attain the status of a food-secure
country through the establishment of smart greenhouse technologies. Overall, despite the limitations due
to the high cost of electricity and construction protected cultivation facilities including required technol-
ogies provide greater advantages for seasonal and off-seasonal vegetable crop production compared to
that in the open field. Moreover, such technology can be applied to various geographical locations such
as plains, hills, deserts, rural, and urban areas.
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2020). Many people in the country are dependent on agri-
culture as their primary source of income supporting them-
selves through farming activities. In 2020, a total of around
13.42 million hectares were devoted to agricultural crop
cultivation (Statista, 2022), and this generated a gross
value added (GVA) of about 1.78 trillion Philippine pesos
(32.4 bn. USD) equivalent to 10.2% of the country’s gross
domestic product (GDP) (Statista, 2021). The Philippines
Statistics Authority (PSA) reported in 2020 that the total
number of Filipinos employed in agriculture over a five-
year reference period was about 9.7 million (PSA, 2021).
In Southeast Asia, although rice is the major crop pro-
duced and has a significant function in ending hunger and
malnutrition (IRRI, 2020), the cultivation of vegetables is
one of the main sources of income for millions of Filipino
vegetable growers (FAO, 2014); the Crop Production Sur-
vey (CPS) estimated that from October to December 2021,
78,849 hectares were utilized for the production of major
vegetables and other root crops (PSA, 2021).

Generally, Filipinos farmers produce vegetables in the
open field, which is imperiled by hostile climatic conditions,
pests, and diseases. These factors have impacted food secu-
rity, food safety, and the quality of produce for a long period
of time. Compared to nearby modern countries, the Philip-
pines has not adopted modern technologies to solve the end-
less food crisis. Filipinos were rated as poor adopters of
technology in a report by the Australian Center for Interna-
tional Agricultural Research (ACIAR, 2021). Protected cul-
tivation of vegetables is a technology that is common in
many countries for the production of various vegetables irre-
spective of the season. In the Philippines, protected cultiva-
tion is in the development stage, and is not normally
practiced among farmers despite its potential for higher
yield and safer produce (Gonzaga et al, 2017).

Crop commodities in the Philippines are very low in
terms of yield compared to neighboring countries (Dogello
and Cagasan, 2021). Thus, Filipinos are at a higher risk for
low consumption of vegetables than others in the South-
east Asian region (Peltzer and Pengpid, 2012). In general,
low agricultural productivity can be alleviated through
government-supported programs such as full access to
credit or agricultural loans, and agriculture-related microfi-
nancing for agricultural producers, fisherfolks, and stake-
holders since most farmers are incapable of fully financing
their crop production costs. Moreover, crop insurance can
protect farmers from losses due to natural calamities and
biological infestations (Dogello and Cagasan, 2021).

The World Health Organization (WHO) recommends
consuming a minimum of 200-250 g of vegetables daily to
meet the nutrient demand. However, vegetable consump-
tion per capita in the Philippines is below the dietary

guidelines (Our World in Data, 2017). Overweight and
malnourishment in Filipinos is most likely due to imbal-
anced nutrition. Thus, the vegetable industry in the Philip-
pines is an important and promising business, with high
potential for local consumers and international markets.

Producing horticultural crops including vegetables under
a protected cultivation system should be required for most
vegetable farmers in the Philippines when considering food
safety, better yield quality, and food security. Indeed, the
Philippines is vulnerable to natural calamities including fre-
quent and strong typhoons. Heavy rainfall varies from 965
to 4,064 mm annually (DOST-PAGASA), furthermore,
there are scorching temperatures during summer, pests and
disease outbreaks. Furthermore, poor vegetable varieties are
cultivated, and farmers have limited skill sets. A further
exasperating problem is that farming populations are aging
in spite of increasing population numbers. Despite a growth
rate of 1.36% (World Population Review, 2022), 24% of
farmers are within the 55-64-year-old range while 16% are
more than 65 years old (Palis, 2020).

Moreover, protective structures such as highly equipped
greenhouses require a high investment cost for the initial
structure, reflecting technical aspects such as managing
temperature, humidity, and irrigation systems together
with proper operations (Gruda et al., 2019). Nonetheless,
using a protective structure for horticultural crop cultiva-
tion in the Philippines have the potential to open up
extraordinary opportunities for many related industries
since various technologies such as organic production,
hydroponic and aquaponic systems, and smart farming
techniques can be applied to the protective structure.

THE MAGNITUDE OF PROTECTED
CULTIVATION

Agriculture has always been considered to be the back-
bone of the Philippine economy (Business Mirror, 2021).
However, based on the Department of Agriculture (DA)
statement, the import-dependency of agricultural products in
the country gradually increased in 2016, 2017, and 2018 at
22.5%, 22.7%, and 29.2%, respectively (PSA, 2020).
According to the World Bank data, the country imported
vegetables valued at USD1034.09 million from the United
States (WITS, 2019), and also imported from the ASEAN
countries including Malaysia, Indonesia, Vietnam, and
Thailand (JICA, 2019). One strategy that can be used to
increase the production of vegetables in the Philippines is
the intensified use of protective structures. But although pro-
tected cultivation was introduced into the Philippines about
40 years ago, greenhouse technology has not been upscaled.

Upscaling would potentially safeguard the year-round
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Fig. 1. The estimated hectarage of 10 major countries with protected agriculture in the world. China has the largest area of protected
agriculture. Unit: kilohectare; kha. Source: Kacira, 2011; Nair and Barche, 2014.

production of common and high-value vegetables in the
Philippines, hence aiding in sustaining the supply of food.
The climatic conditions in the Philippines are extremely
unfavorable to crop cultivation in the open field, resulting
in the inconsistency of crop productivity and quality. In the
wet season (June to November), excess rains and high
winds are serious issues for growing vegetables in the field
causing flooding and field damage (Castillo et al, 2021).
Protected cultivation ensures the protection of the crops
from extreme weather conditions as it can relieve the
harmful effect of unfavorable environmental conditions for
proper plant growth and development. Globally, the area
used for protected agriculture for horticultural crops is esti-
mated at 5, 630,000 ha (Cuesta Robles, 2019). In 2011,
China had the greatest land area of protected cultivation,
with more than 2,760, 000 ha; this area is continuously
being increased every year. The second largest area is
found in South Korea with more than 57, 444 ha, followed
by Spain with 52,170 ha (Figure 1). The Philippines thus
has great potential and opportunity for the development of
protected cultivation of vegetables.

VEGETABLE PRODUCTION IN SOIL UNDER
THE PROTECTIVE STRUCTURE

Most of the Philippines’ vegetable crops are cultivated

in the open field, leaving the plants exposed to various
chemical elements in the surrounding environment. In
general, organic vegetable growers in the Philippines,
particularly in Central Luzon are small-hold farmers with
less than 2 ha of farmland. In a survey conducted in Cen-
tral Luzon, Philippines, 16.8% of the 72 organic vegeta-
ble growers responded that cultivating organic vegetables
under protected structures is unaffordable, and it is disad-
vantageous for farmers due to a lack of knowledge of
greenhouse cultivation techniques (Porciuncula, et al.
2015).

Economic analyses of the greenhouse technology
demonstration farm in the Central Luzon State Univer-
sity, Philippines using the Israel Negev model showed
that the farm was profitable for growing high-value crops
such as honeydew melon (Sace, 2002). The study
revealed that the payback period would be achieved
within 3.34 years for ten cropping seasons with an
expected 30% internal rate of return (IRR). This means
that the project’s initial investment would have earnings
of a 30% compound growth annual rate. In addition, a
recent study reported that protected cultivation contrib-
utes to increased yield and quality of products as well as
income for vegetable growers (Castillo, et al. 2021).
Moreover, several vegetables including tomato, sweet
pepper, and lettuce were grown under a protective
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structure and proved to induce a higher gross margin
compared to those from open fields. Recently, Basquial,
et al. (2021) investigated the effect of low-tunnel and
mulch on the growth and development of lettuce for alle-
viating cold stress in Benguet Province, the Philippines.
The study showed that lettuce grown in a low-tunnel
exhibited a better performance compared to the control
grown without the low-tunnel.

Researchers in the Philippines attempted to evaluate
the feasibility of vegetable production under protected
cultivation in the Eastern Visayas. They found that low-
cost protective structures for vegetable cultivation are
economically feasible once growers are technically
skilled in production management (Armenia, ef al. 2013).
Generally, greenhouse design is affected by regional cli-
matic conditions. Regardless of the design and type of the
protective structure tested, however, higher yields of veg-
etable crops were observed for vegetables grown in the
protective structures compared to those grown in the
open field (Capuno, et al. 2015). As the country is contin-
uously hit by typhoons and heavy rainfall associated with
flash floods, vegetable crop production in the open field
is constrained, thus resulting in low yield and quality of
produce. A comprehensive study on the effect of low-
cost protected cultivation on the year-round production of
vegetables in the Philippines showed that four crops -
tomato, sweet pepper, bitter melon, and lettuce - gener-
ated significantly higher yields under the protected culti-
vation condition compared to those directly exposed to
heavy rains in the open field (Gonzaga et al, 2016).

CURRENT PROTECTIVE STRUCTURE USING
HYDROPONIC SYSTEMS IN THE PHILIPPINES

Hydroponics is an increasingly popular technique in the
Philippines for producing crops. Hydroponic technology
has been generally operated by research institutes, state
colleges, and universities, with only a few small-scale
farmers taking on this technique because it is an expen-
sive business venture (Sace and Natividad, 2015;
Pefiaranda, 2007). Hydroponic technology is relatively
new and at the beginning stages of rebuilding, boosting,
and giving an immediate solution to the vegetable indus-
try in the Philippines (Santos and Ocampo, 2005). Numer-
ous governmental projects have been recently launched
under a partnership with Korean governmental agencies
(Table 1); i.e., the Department of Agriculture, The Philip-
pines-Korean International Cooperation Agency, Korea
(DA-KOICA), and the DA-Korean Program on Interna-
tional Agriculture (DA-KOPIA). Likewise, the Depart-
ment of Science and Technology-Philippines Council for

Agriculture, Aquatic, and Natural Resources Research
and Development (DOST-PCAARRD) (Figure 2) and the
Bureau of Agricultural Research (BAR) also financially
supported protected cultivation-related projects. Although
the construction and operation of smart greenhouses were
initiated by the government a decade ago, its sustainabil-
ity or maintenance was an issue from the beginning. Con-
struction of the newly fabricated first-ever Philippine
smart greenhouses was supported by the KOICA to
increase farmers’ profit and improve competitiveness in
greenhouse technology.

Currently, the number of small-scale farmers who are
using hydroponic systems is rapidly increasing as they
gain cultivation knowledge for leafy vegetables such as
lettuce, pak choi or bok choy, mustard, kale, swamp cab-
bage, etc. Small-scale farmers and some capitalists
started cultivating crops from the Kratky method where
plants are planted in a non-circulating tank filled with
nutrient solution (Kratky, 2010) to a simple recirculating
hydroponic system using nutrient film technique (NFT)
(Silva et al., 2021) in their backyard with a basic protec-
tive structure to protect plants from biotic and/or abiotic
stresses. Later, the small-scale farmers became entrepre-
neurs who responded to a mandate on revolutionizing the
agriculture industry in the country to secure vegetable
supply (Table 2). The production system varies from low-
cost or low-maintenance bamboo greenhouse to sophisti-
cated or high-cost container van production or plant fac-
tory systems (Figure 3; Figure 4). The protected
cultivation in the Philippines is typically operated in the
backyard with minimal space where it can contribute sig-
nificantly to vegetable and fruit supply. The increasing
awareness of growers about hydroponic technology
through the effort of the government has allowed them to
respond to the challenge, and eventually venture into pro-
tected agriculture in the achievement of common goals
such as food abundance in the country.

CROPS GROWN UNDER PROTECTED
STRUCTURES IN THE PHILIPPINES

The commonly studied crops under protective structures
in the Philippines are presented in Figure 5. Several results
determining the crop productivity of fruits and vegetables
under protective structures have been reported (Aganon et
al., 2004; Sace and Estigoy, 2015; Gonzaga et al., 2016;
Gonzaga et al., 2021; Basquial et al., 2021; Poliquit and
Aquino, 2022). Increased yield of selected crops grown
under protected cultivation systems has been shown in
spite of their different designs and operating systems in
various locations. The economic analyses of protective
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Table 1. Current Philippine government projects related to protected agriculture and their international collaborators.

Amount

Year Government Projects (USD) Funding Agency Crops Location Reference
Central Luzon State Univer- DOST- Cl?ggigf: rf S;ivale(ettogel:;g):rs’ Science City of
2013 sity Hyd.ropomcs and Aqua- 218,000 PCAARRD  Herbs, Cucumber, Zucchini, Let- Munoz,.Nueva DOST-PCAARRD
ponics Technology tnce Ecija
Smart Aquaponics Green- Philippine Informa-
2018 house system with [oT for the 44,000 DOST Legg ﬁe’ gon;fsto, Payataé,i Quezon tion Agency
Philippines pepp ty (pia.gov.ph)
. . CLSU, Science City
2019 Indoor Vertical Farming Sys- 91,000 DA Strawberry, Lettuce, Tomato, of Mufioz, Nueva CLSU Annual
tem Swamp Cabbage Ecija Report 2020
1" Smart Greenhouse Hydro- Strawberry, Tomato Philippine Informa-
2019 . T y »  243M KOICA Y ’ Baguio City tion Agency
ponics Philippines (3450m~) Lettuce .
(pia.gov.ph)
Tomato, Eggplant, Cucumber,
2020 TAU SMART Agriculture N/A TAU Honeydew melon, Strawberry, = Camiling, Tarlac tau.edu.ph
Leafy vegetables
st . Philippine Informa-
2021 1% Urban F arming Hydro- N/A DA Lettuce and other leafy vegeta- Quezon City tion Agency
ponic Hub bles .
(pia.gov.ph)
10 Smart Hydroponic Green- Sweet pepper, Tomato, Mush- Philippine Informa-
2021 h 100,000 DA-KOICA ’ ’ Western Visayas tion Agency
ouses room .
(pia.gov.ph)
Modernized Greenhouse Strawberry, Tomato,
2021 Hydroponics 17,000 DA Leafy vegetables Tuba, Benguet da.gov.ph
2021 4 Twin Tunnel Greenhouses 17,000 DA Strawberry and leafy vegetables Sto. Torrclailts},/Bagu 10 da.gov.ph
11 Smart Greenhouse- DA Strawberry, Cherry tomato Philippine Informa-
2021 . 1.8M  DA-MAFRA ; ’ Malaybalay City tion Agency
Region 10 White potato .
(pia.gov.ph)
2022 13 Greenhoust;s (not hydro- 12M KOPIA Tomato, Green pepper, Cucum- Zalragoza}3 Nueva philrice.gov.ph
ponics) ber Ecija
2022 Precision and Digital Agricul- 0.9M DA-BAR Lettuce, Strawberry, Tomato Ciafsﬁaggflﬁig;y bar.gov.ph
ture Center (PreDiCT) ’ ’ Y, Ecij’a -BOVPp
2022 Indoor Hydroponics System 54,700 DA-BAR Lettuce, Kale, Basil, Tomato Makati City da.gov.ph
BPSU Automated Soilless . BPSU Abucay,
2022 Culture System 91,000 DA High-value vegetables Bataan bar.gov.ph

Notes: DA, Department of Agriculture; KOICA, Korean International Cooperation Agency; KOPIA, Korean Program on International

Agriculture; MAFRA, Ministry of Agriculture, Food and Rural A

ffairs; DOST, Department of Science and Technology; BAR, Bureau of

Agricultural Research; PCAARRD, Philippine Council for Agriculture, Aquatic and Natural Resources Research and Development;
CLSU, Central Luzon State University; TAU, Tarlac Agricultural University; BPSU, Bataan Peninsula State University.

structures and greenhouses are feasible and profitable
(Sace, 2002; Aganon and Aganon, 2009; Aremia et al,
2013; Capuno et al, 2015; and Castillo et al, 2021), and the
utilization of household greenhouses and environmental
control techniques enhance yield and quality of produce
(Mojica et al., 2017; Pascual, et al., 2018; Pascual et al.

2019; Rivera, 2016). Out of 19 crops studied, 42% are fruit
vegetables such as tomato, eggplant, muskmelon, sweet &
chili pepper, and strawberries followed by vegetables with
32% leafy greens and cucurbits, 16% for herbs and spices
such as peppermint and sweet basil, and 5% for root crops
and bulbs.
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Fig. 2. A government project funded by the DOST-PCAARRD implemented by the CLSU 2013-2018. The first greenhouse hydroponic
cultivation project in the Philippines was headed by Dr. Chito F. Sace. (Left, Hydroponic greenhouses; Middle, Lettuce grown in a
vertical A-frame growing pipes; Right, Honey melons grown in a low-cost recirculating hydroponic system) Photo source: CLSU
Hydroponics and Aquaponics FB page. (https://www.facebook.com/clsuhydroponics.aquaponics)

Table 2. Private growers & entrepreneurs venturing into low-cost to high-cost hydroponic production systems in the Philippines.

Date Growers/Entrepreneurs Crop Location References

2021 Plant Habitat Lettuce San Fernando City, Pampanga agiculture.com.ph

2021 Growtech Farms Strawberry, Lettuce Novaliches, Quezon City da.gov.ph

2021 Hydrolettuce. ph Lettuce Antipolo City jedsilverlake.medium.com

2021 Serrano Agri-Ventures Farm Lettuce Morong, Bataan mb.com.ph
Undated J&G Backyard Lettuce Lettuce Antipolo City agiculture.com.ph
Undated Pick A Cup Lettuce Bacnotan, La Union facebook.com

2019 NXT LVL Farms Lettuce New Manila, QC nxtlvlfams.xyz
Undated Urban Greens Lettuce Makati City aaturbangreens.com
Undated Katanim Store Lettuce San Mateo, Rizal jedsilverlake.medium.com

2021 Lettuce in a Cup Lettuce Bulacan jedsilverlake.medium.com

2021 Bukid Amara Lettuce and ornamentals Lucban, Quezon tribune.net.ph

2018 Happy Growers Lettuce Gumaca, Quezon snaphydroponics.info

Leafy vegetables, herbs, Tomato,

2017 Zennor Hydroponics Farm

Zucchini, Honeydew melons,

Palauig, Zambales businessnews.com.ph

Bitter melon, Cucumber

Undated Turbulent Model Farm

Cherry tomato, Bell pepper

Tagaytay City da.gov.ph

THE PHILIPPINES ASPIRES TO PROTECTED
CROP CULTIVATION THROUGH SMART
FARMING

In the 1% quarter of 2021, the Congressional Policy and
Budget Research Department of the House of Representa-
tives reported that the Philippines ranked 17" in the world
as the country most affected by extreme weather condi-
tions according to the Global Climate Risk Index (CRI)
because of its geographical orientation (CPBRD, 2021).
Government officials and growers have been responsive to
the potential and importance of protected cultivation tech-
nology to boost the yield and quality of the vegetables.
Smart agriculture with sustainable farming intensification

is a method to advance crop productivity that integrates
digital technologies (Queiroz et al., 2020) such as the
Internet of Things (IoT) (Shi et al., 2019; Khoa, et al.,
2019), and Artificial Intelligence (Al) (Khoa, et al., 2019)
while reducing farm input costs.

The DA recently proposed 4 pillars and key strategies
for achieving food security through the transformation of
Philippine agriculture, making the country resilient with
empowered and prosperous farmers and fisherfolks. The 4
pillars that were conceptualized correspond to food secu-
rity; consolidation, modernization, industrialization, and
professionalization where food should be accessible, avail-
able, utilizable, and stable. In 2022, the DA in the Philip-
pines framed the “One DA Reform Agenda” including 18
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Fig. 3. A low-cost protective structure for growing lettuce using a fine mesh net and plastic film with the bamboo framework. Photo source:

Agriculture Magazine (Plant Habitat).

NXTLVL

Farms

Fig. 4. A containerized indoor vertical hydroponic farm using an
ebb and flow system. Photo source: www.nxtlvlfarms.xyz
(NXT LVL Farms).

m Fruit vegetables m Leafy greens and Cucurbits m Root vegetables = Bulbs m Spices and Herbs

Fig. 5. Crops commonly studied in the Philippines under a
protective structure. The percentage of studied crops under
greenhouse facilities is presented. Fruit vegetables
(Pascual et al., 2019; Poliquit & Aquino, 2022; Castillo et
al., 2021; Capuno et al., 2014; Gonzaga et al., 2021); Leafy
greens and cucurbits (Aganon and Aganon, 2009; Sace
and Estigoy, 2015); Root vegetables (Crops Research
Division, DOST-PCAARRD); Bulbs (Pascual et al.,
2018); Spices and herbs (Mojica et al., 2017).

key strategies to address global agricultural concerns.
Some of the strategies addressing concerns about protected
agriculture are as follows; (1) Technology development or
adaptation and innovation including innovative projects
and digitalization of farming techniques and agribusiness
activities by using data analytics; (2) Farm mechanization
and infrastructure development such as farm-to-market
roads, irrigation systems, postharvest facilities, storage,
tolling, processing, and marketing facilities; (3) Climate
change adaptation and mitigation measures by institution-
alizing departments on climate risk and introducing vul-
nerability assessments in the regions and provinces to
generate up-to-date information during the typhoon season
and other natural disasters to better respond and; (4) Food
safety regulations by refining laboratory and research
facilities, building up traceability systems, and merging
sanitary and phytosanitary control steps.

According to FAO statistics, the incidence of moderate
to severe food insecurity is an indicator of SDG that pro-
vides clear evidence of individuals’ deprivation from
accessing nutritious and sufficient food even if hunger is
not an issue (Figure 6). The data indicates that an addi-
tional 18.5% or 1.4 billion individuals have experienced
food insecurity at moderate levels. Approximately 2.4 bil-
lion individuals or 30% of the world population suffered
from moderate to severe food insecurity in 2020 (FAO,
2021).

The DA’s agenda will be crucial in achieving sustainable
Philippine agriculture. The DA is working together with
the Department of Science and Technology (DOST) under
its crop R&D programs on crop production system
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Percentage

2014 2020 2014 2020 2014 2020
Africa Asia Latin America

™ Moderate food insecurity

and the Caribbean

m Severe food insecurity

2014 2020 2014 2020 2014 2020
Northern America Oceania World
and Europe

Fig. 6. Food insecurity levels are based on the food insecurity experience scale by region. The prevalence of undernourishment (PoU)
suddenly upsurged at the global level 2019-2020 because of the COVID-19 outbreak. Source: FAOSTAT (2021).

Table 3. The major challenges of protected vegetable cultivation as well as its advantages.

Limitations

Benefits

High construction costs and supply of covering materials and equipment are expensive.

High electricity cost.

Limited technical knowledge in greenhouse control systems.

Intensive operations with minimally skilled laborers.

The uncertain marketing of the crops produce.
Lack of standard design in the tropics.

Limited capital of growers

All-year-round production
Higher yield and enhanced crop productivity
quality and higher value of produce
Reduction of chemical pesticide usage
Very minimal incidence of weeds
Efficient use of water
Can cultivate indigenous plants and medicinal herbs
Increased yield per unit area with premium quality

Protection from biotic and abiotic hazards

research, including smart farming approaches, and off-sea-
son cultivation/production, which can be done under a pro-
tective structure with climate-resilient technologies.

The DOST-Philippine Council for Agricultural, Aquatic
and Natural Resources and Development (PCAARRD)
initiated funding of a novel project in the country entitled
“Hydroponics System as Smart Farming Technique for
Vegetable Crops Production” to develop and promote
hydroponics as a precise and smart farming technique for
vegetable production, targeting cucumber, tomato, and bell
pepper for an increase of yield per unit area up to 5 times
higher than the conventional/open field production (Sace
et al., 2014). The project has been successfully executed
and produced output that promoted the development and/
or application of new technologies throughout the Archi-
pelago in the country.

Therefore, the Philippines can be a member containing a

great potential to collaborate with Asian neighbor coun-
tries to boost the vegetable industry in the Asia-Pacific
region. The government should enhance financial support
for the development of modern greenhouse technologies,
raising the capability of researchers and farmers through
international training and seminars. Population growth is
an important driver of increased food demand. Further-
more, land available for cultivation is diminishing rapidly,
resulting in risky food security. Increasing crop productiv-
ity is a must rather than an option.

Taken together, the production of vegetable crops should
be under a protective structure as it has been proven to
improve the quality and quantity of the produce. Relevant
technologies required for protected cultivation systems can
contribute to an increased yield of vegetables and other
crops (Reddy, 2016). Gonzaga et al, (2017) also concluded
that higher yields of vegetables can be realized in both wet
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and dry seasons with an aid of protected cultivation tech-
nologies in the Philippines.

LIMITATIONS AND BENEFITS OF PROTECTED
CULTIVATION

Conventional or open field cultivation of vegetables can-
not guarantee good yield, high quality, and food safety due
to exposure of vegetables to biotic and abiotic factors,
causing reduced quality and yield. Cultivating vegetables
under protective structures ensures weather impact mitiga-
tion, resulting in consistent production with better quality
of produce (Chavan et al, 2022; Table 3). The practice of
protected cultivation creates a suitable environment for
crops where the micro-climatic conditions are partly or
entirely controlled during the growth period (Mishra et al.,
2010; Liao et al., 2020). Liao et al, (2020) suggested that
the government authority should implement subsidizing
farms to enhance farmers’ capability to adopt protected
cultivation facilities if capital among farmers is a con-
straint.

x~
A

kO

1. Zej9e & WA 47%7} FYol o]&EH o o
7 w)dell olEsta e tEAR] Y =tttk 1 F
A Al A w7 FE FYLoIARE, Ah AEe
T2 =AM ApiEtar ok =2 Auls Al Aol H]s|
715 2 3 370 JS v, P I8 ukid 7|
T, Feke] 8 2A(HE, ) A Al Eelste] A

Hol vy FHo] FA| Kalt} o2 | FUlsleE Ak
Q5 SFAIA Esfal Atk

Hell= 23t 37 279 FalE Y F JaL, 7]
Ao 2HE FHES HET 4 9o, dujvle] A4 A
E2)7] 98 gigte] @ 5= Ak Al el 3jol] AuiE
g Al APRE w S =X vjE] ¥
L HaEgon, TP A Apishe d =
2 FALh A Al B ALk F2e] gl
7o 2H FFHOE Tt A5 FUHE fEdih

3. ZEjHolA e 7] B8 FAmgoR s A
T3, 2] FrblARE LgEo] ghom FH =t AR
7]1#2] F=H(KOICA, KOPIA) ol Al Auj ¥ Z2AE
7F Y= ek Al e o] A ALl Ao 7P F A
2 A&7k dolnt. oA A el SE 98 74
=7tete] PEpz A, A7Ae} wrte] s}, AN
A3 AGA ALY, JEZHHZINA, AFHE, 5)7F 5
feRnncl=g

4 BEIW ARETHE WA BY WHS BB 4P

—

4z

nElm

A

)
>

i1

o

r
n

™
>,

o O b o BN

Ni
==

o ol

o

e

Boee Sls a7b S ARkl g, ol8 ks,
284, IS ANAGOR, 71 F A Alst e
A ARHDE7160) A3 UAEs} 7 @ zeh
AMcssd 7178, B4 A2, ke 2 v A8 1% 5
@71595 2 A T N9 PA =S @F A 7
4, 914 2 A BAE A9 A Auehisl Asbse
B2 98 =k ek,

5. A1 A B A2Ne] Qo] 2 wAES 71
o, BN £4 5o) Aol AE 42e 7] e
AR BAE@, AL, A, BE, 24 5, AR A, &

G AACNE = B BYo=H, Jedore] Al A

=

HiE o] 93, A JFsRe UFSATh AH A
=) Aol vIs) 1 Fe] FFL A won, 3719 717)
B Ak FRFE B 5 9lov], rgEl Qo
Az AAF F7RIE 71l = Aot

FUNDING

This work was supported in part by a grant from the
KoRAA program of Rural Development Administration
(RDA)-National Institute of Horticultural and Herbal Sci-
ence (NIHHS), Korea, and the World Vegetable Center
Korea Office (WKO #10000379) and the long-term strate-
gic donors to the World Vegetable Center: Taiwan, United
Kingdom aid from the United Kingdom government,
United States Agency for International Development
(USAID), Australian Centre for International Agricultural
Research (ACIAR), Germany, Thailand, Philippines,
South Korea, and Japan.

REFERENCES

ACIAR. 2021. ACIAR Annual Operational Plan 2021-2022.
ACIAR in the Indo-Pacific. East and Southeast Asia. pp.108-
113. https://www.aciar.gov.au/sites/default/files/2021-08/AOP-
21-22-philippines.pdf. (Retrieved July 8, 2022)

Aganon, C.P.,, Aganon, T.M. 2009. Protected vegetable cultiva-
tion: Management options and economic potential. Central
Luzon State University, Philippines and Bureau of Agricultural
Research, Department of Agriculture. pp.81-85.

Aganon, C.P., Mateo, L.G, Cacho, D., Bala, A., Aganon, T.M.
2004. Enhancing off-season production through grafted tomato
technology. Phil. Jour. of Crop Sci. 27:3-9.

Aremia, P.T., Menz, K.M., Rogers, GS., Gonzaga, Z.C.,
Gerona, R., Tausa, E.R. 2013. Economics of vegetable pro-
duction under protected cropping structures in the Eastern
Visayas, Philippines. Australia: Australia Center for Interna-
tional Agricultural Research. pp.112-122.

Basquial, D.A., De Guzman, C.C., Aspuria, E.T., Sta Cruz,
P.C., Cuevas, V.C. 2021. Protected cultivation improves
growth of ‘Lollo Rosa’ lettuce under chilling conditions in



230 HBEEE(J. Korean Soc. Int. Agric.), 34(3), 2022

Benguet, Philippines. J. ISSAAS. 27:154-165.

Business Mirror. 2021. Support the backbone of Philippine econ-
omy. https://businessmirror.com.ph/2021/11/30/support-the-
backbone-of-philippine-economy. (Retrieved July 3, 2022).

Capuno, O.B., Gonzaga, Z.C., Loreto, M.B., Gerona, R.G,
Borines, L.M., Tulin, A.B., Lusanta, D.C., Dimabuyu, H.B.,
Vega, ML.L.P., Mangmang, J.S., Rogers, G:S. 2015. Develop-
ment of a cost-effective vegetable cropping system in the Phil-
ippines. Acta horticulturae 2015. no.1107. pp.221-228.

Castillo, G., Ruales, J.H., Moises Neil, S.V., Ratilla, T.C. 2021.
Gross margin analysis of selected vegetable grown under pro-
tected and open field cultivation in Leyte, Philippines. Scien-
tific Papers Series Management, Economic Engineering in
Agriculture and Rural Development. Vol. 21. Issue 3.

Chavan, S.G,, Chen, Z.h., Ghannoum, O., Cazzonelli, C.I., Tis-
sue, D.T. 2022. Current technologies and target crops: A
review on Australian protected cropping. Crops. 2:172-185.

Congressional Policy and Budget Research Department
(CPBRD). 2021. Facts in figures: Global Climate Risk Index
2021. No. 09. https://cpbrd.congress.gov.ph/images/PDF%20
Attachments/Facts%20in%20Figures/FF2021-09_Global Cli-
mate_Risk.pdf (Retrieved July 7, 2022).

Cuesta Robles Release. 2019. Cuesta Roble releases 2019 global
greenhouse statistics. www.producegrower.com/article/cuesta-
roble-2019-global-greenhouse-statistics/ (Retrieved June 26,
2022).

Dogello, J.D., Cagasan, U.A. 2021. A review on the status of crop
production innovations of the Philippines. Eurasian Journal of
Agricultural Research. 5:130-136.

DOST-PAGASA. n.d. Climate of the Philippines. https:/
www.pagasa.dost.gov.ph/information/climate-philippines. (Retrieved
June 24, 2022).

FAO. 2014. FAO in the Philippines: Philippines at a glance. https:/
/www.fao.org/philippines/fao-in-philippines/philippines-at-a-
glance/en. (Retrieved July 8, 2022).

FAO. 2021. World food and agriculture - Statistical Yearbook
2021. Food security and nutrition. Rome. pp.27-29. https://
doi.org/10.4060/cb4477en.

Gonzaga, N.R., Pepito, S.L.A., Octavio, R.P.,, Gonzaga, Jr.,
A.B., Rogers, G. 2017. Growth and performance of lettuce
(Lactuca sativa L.) under protected and conventional cultiva-
tion. Annals of Tropical Research. 39: 137-143.

Gonzaga, N.R., Pepito, S.L.A., Gonzaga, A.B., Sarausa, D.M.,
Rogers, G.,, McDougall, S., Batuigas, A.M.T. 2021. Growth
and yield performance of tomato (Solanum Ilycopersicum
Linn.) genotypes under protected and conventional cultivation
systems. In III Asian Hoticultural Congress-AHC2020 1312.
pp.261-268.

Gonzaga, Z.C., Dimabuyu, H.B., Lusanta, D.C., Rom, J.C.
2016. Recirculating aggregate hydroponic system: A strategy
for off-season tomato (Lycopersicum esculentum Mill) produc-
tion in Leyte, Philippines. In XXIX International Horticultural
Congress on Horticulture. Sustaining Lives, Livelihood and
Lanscapes (IHC2014): 1128. pp.333-338.

Gruda, N., Bisbis, M., Tanny, J. 2019. Influence of climate
change on the protected cultivation: Impacts and sustainable

adaptation strategies — A review. Journal of Cleaner Produc-
tion. 225:481-495.

IRRI. 2020. Going beyond rice: Transitioning toward equitable,
profitable, and environmentally sound rice agri-food systems.
http://books.irri.org/SEA-Regional-Strategy-2020-2025-
full.pdf (Retrieved July 2, 2022).

JICA. 2019. Survey on issue analysis of food value chain in the
Philippines. Final report. pp.3-4. https://openjicareport.jica.
20.jp/pdf/1000041342.pdf

Kacira, M. 2011. Greenhouse production in US: Status, chal-
lenges and opportunities. In CIGR 2011 conference on Sustain-
able Bioproduction WEF. pp.19-23.

Khoa, T.A., Man, M.M., Nguyen, T.Y., Nguyen, V., Nam, N.H.
2019. Smart agriculture using IoT multi-sensors: a novel water-
ing management system. Journal of Sensor and Actuator Net-
works. 8(3):45.

Kratky, B.A. 2010. A Suspended net-pot, non-circulating hydro-
ponic method for commercial production of leafy, romaine, and
semi-head lettuce. Veg Crops. 1:1-19.

Liao, P.A., Liu, J.Y., Sun, L.C., Chang, H.H. 2020. Can the
adoption of protected cultivation facilities affect farm sustain-
ability?. Sustainability. 12(23):9970.

Mishra, G.P., Singh, N., Kumar, H., Singh, S.B. 2010. Protected
cultivation for food and nutritional security at Ladakh. Def Sci.
J. 60:219-225.

Mojica, J.C., Abella, E.A., Sace, C.F. 2017. Nutrient dynamics
evaluation in utilization of household greenhouse module for
hydroponic production of mint (Mentha arvensis L.). Interna-
tional Journal of Agricultural Technology. 13:269-279.

Nair, R., Barche, S. 2014. Protected cultivation of vegetables —
present status and future prospects in India. Indian journal of
applied research. 4(6):245-247.

Our World in Data. 2017. Average per capita vegetable intake vs.
minimum recommended guidelines, 2017. https://ourworldin-
data.org/grapher/average-per-capita-vegetable-intake-vs-mini-
mum-recommended-guidelines?region=Asia. (Retrieved July
3,2022).

Palis, F.G: 2020. Aging Filipino rice farmers and their aspirations
for their children. Philippine Journal of Science. 149:351-361.

Pascual, C.S., Agulto, I.C., Espino, A.N., Malamug, V.U. 2019.
Effect of ground heat exchanger for root-zone cooling on the
growth and yield of aeroponically-grown strawberry plant
under tropical greenhouse condition. In IOP Conf. Ser.: Earth
and Environ. Sci. 301(1):012006. IOP Publishing.

Pascual, M.P., Lorenzo, GA., Gabriel, A.G. 2018. Vertical farm-
ing using hydroponic system: Toward a sustainable onion pro-
duction in Nueva Ecija, Philippines. Open Journal of Ecology.
8:25-41.

Peltzer, K., Pengpid, S. 2012. Fruits and vegetables consumption
and associated factors among in-school adolescents in five
Southeast Asian countries. Int. J. Environ. Res. Public Health.
9:3573-3587.

Peiiaranda, G. 2007. State of hydroponics in the Philippines. In:
Proceedings of the Asian and Technical Symposium on the
Improvement and Soil Quality for Agriculture. DA-BAR,
Q.C., Philippines. pp.43-50.



Introduction and Potential of Protected Horticulture in the Philippines: A Review 231

Perlas, F.B. 2020. Climate-agriculture initiatives in the Philip-
pines. FFTC Agricultural Policy Platform. Food and Fertilizer
Technology Center for the Asian and Pacific Region. pp.1-2.

Philippine Statistics Authority. 2021. Agriculture indicators sys-
tem: Employment and wages in the agriculture sector. Philip-
pine Statistics Authority. PSA Complex, East Avenue Diliman,
Quezon City, Philippines. ISSN-2012-0435. pp. 1.

Philippine Statistics Authority. 2020. 2020 Selected statistics on
agriculture. Agricultural foreign trade Statistics. Sectoral Sta-
tistics Office. Quezon City, Philippines. ISSN-2012-0362.
pp-47-51.

Philippine Statistics Authority. 2021. 2016-2020 Crops statistics
of the Philippines. Quezon City, Philippines ISSN-2012-0487.
pp-83-107.

Poliquit, D.E, Aquino, R.R. 2022. CM Fertilizers — Soil amend-
ments on yield and growth of tomato (Solanum lycopersicum
L.) under protected cultivation. J. of the Austrian Society of
Agri. Econ. 18:989-1001.

Porciuncula, F.L., Galang, L.M., Parayno, R.S. 2015. Going
organic: Understanding the organic vegetables production
environment in Central Luzon, Philippines. Journal of Agricul-
tural Technology. 11:341-366.

Queiroz, D.M., Coelho, A.L.F., Valente, D.S.M., Schueller, J.K.
2020. Sensors applied to digital agriculture: A review. Revista
Ciencia Agronomica. 51.

Reddy, P.P. 2016. Protected cultivation. In: Sustainable crop pro-
tection under protected cultivation. Springe, Singapore. pp.1-
11.

Rivera, C.M.L. 2016. Field practice report on the environment
control operations in bell pepper (Capsicum annuum L.)
Greenhouse at LFTI, Amadeo, Cavite, Philippines. Undergrad-
uate Theses. 4534.

Sace, C.F. 2002. Greenhouse economics. Munoz, Nueva Ecija,
Philippines. 1:9-10.

Sace, C.F., Aquino, A.A., Natividad, E.P. 2014. Hydroponics
system as smart farming technique for vegetable crops produc-
tion. Semi-Annual Report. DOST-PCAARRD.

Sace, C.F., Estigoy, J.H. 2015. Lettuce production in a recirculat-
ing hydroponic system. American Journal of Agricultural Sci-
ence. 2:196-202.

Sace, C.F., Natividad, E.P. 2015. Economic analysis of an urban
vertical garden for hydroponic production of lettuce (Lactuca
sativa). International Journal of Contemporary Applied Sci-
ences. 2:42-56.

Santos, P.J., Ocampo, E.T.M. 2005. Snap hydroponics: Develop-
ment and potential for urban and vegetable production. Philip-
pine Journal of Crop Science. 30:3-11.

Shi, X., An, X., Zhao, Q., Liu, H., Xia, L., Sun, X., Guo, Y.
2019. State of the art Internet of Things in protected agricul-
ture. Sensors. 19:1833.

Silva, M.G.C., HUther, C.M., Ramos, B.B., Aratjo, P.S.,
Hamacher, L.S., Pereira, C.R. 2021. A global overview of
hydroponics: Nutrient film technique. Revista Engenharia na
Agricultura-REVENG. 29:138-145.

Statista. 2022. Total land area used for agricultural crop cultiva-
tion in the Philippines from 2016 to 2020: Land area used for
agricultural crop cultivation Philippines 2016-2020. https://
www.statista.com/statistics/1045556/land-area-used-for-agri-
cultural-crop-cultivation-philippines/  ((Retrieved July 22,
2022)

Statista. 2021. Agriculture in the Philippines - statistics & facts.
https://www.statista.com/topics/5744/agriculture-industry-in-
the-philippines/#dossierKeyfigures (Retrieved July 1, 2022)

World Bank. 2021. Land area (sq.km) — Philippines. https:/
data.worldbank.org/indicator/AG/LAND.TOTL.K2?location=
PH (Retrieved July 18, 2022)

World Integrated Trade Solutions. 2019. Philippines vegetable
imports by country and region in US $ Thousand 2019.https://
wits.worldbank.org/CountryProfile/en/Country/PHL/Year/2019/
TradeFlow/Import/Partner/all/Product/06-15 Vegetable
(Retrieved, July 22, 2022)

World Population Review. 2022. Philippines Population 2022
(Live). https://worldpopulationreview.com/countries/philippines-
population



