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EDITOR’S NOTE

The Central Bicol State University of Agriculture is so blessed in its quest to be a
National Research University by improving the research capabilities of its faculty staff
and students, coupled with the upgrading of its physical resources for research. The
various support provided for research and innovation undertakings from both national and
international funding agencies paved the way to develop highly and globally competitive
researches generated benefiting its stakeholders. As such, the ACRIJ continues to
share those knowledge with the research community. Moreover, with the university’s
internationalization efforts, global research partners were encouraged to share their
researches through this journal.

For this issue, ACRIJ has been given a chance to feature research outputs from
Bangladesh, Papua New Guinea, Vietnam, Indonesia, Egypt, and the Philippines. Fitting
into its theme, “Sustainable Development and Environmental Protection,” seven (7)
papers were chosen. They focus mainly on pest control of spiralling whitefly, vetiver for
slope protection, the anticancer activity of Royal jelly from Apis mellifera, nanoparticles
for production of Kochia indica, management of Morinda officinalis, land acquisition and
utilization, and a case study on the capacity strengthening of rural women. We are very
thankful to the authors who entrusted their papers with ACRIJ.

The ACRIJ Staff is also thankful to the peer reviewers for maintaining the journal’s
quality through their shared expertise towards improving the papers. We are indebted to
the following: Dr. Divina M. Amalin, Dr. Mark Ukwungwu t, Dr. Novizar Nazir, Dr. Manuel
C. Palada, Dr. Julian F. Gonzalves, Dr. Ramon A. Razal, Dr. Ma. Cresilda M. Caning, Dr.
Ravindra C. Joshi, Dr. Ramona Isabel S. Ramirez and Dr. Melchora V. Abonal. Thank
you so much!

Appreciation is also extended to the Editorial Support Staff of the ACRIJ- Mr. Alvir
Bausa, Prof. Julie Amara M. Bondilles, Dr. Mark Jaypee C. Gonzales, and Mr. Kennedy
Beltran. The services of Rochell Petil is likewise appreciated. Sincere thanks to Dr.
Ravindra C. Joshi (Consultant), Dr. Ramona Isabel S. Ramirez (VP for Research and
Innovation), and Dr. Alberto N. Naperi (SUC President 1V) for this extended designation
as EIC of the journal.

The ACRIJ Editorial Board is grateful for the contributions of Dr. Mark Ukwungwu, one
of the Associate Editors who peer-reviewed articles in this journal. May our condolences
bring your family comfort and may our prayers ease the pain of his loss. Today and
always, may loving memories bring your family peace, comfort and strength. Rest in

peace, Dr. Mark.

MA DULCE J. MOSTOLES, Ph.D.
Editor-in-chief
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FROM THE DESK OF THE VICE PRESIDENT
FOR BUSINESS AND EXTERNAL AFFAIRS

The COVID-19 pandemic has negatively affected all the vital sectors in our society,
including the sectors where we belong, Agriculture and Education. While we currently
live in uncertainty, only one thing is certain: we must continue to move forward in the
academe. Our job is to seek answers that will help sustain or enhance our community
and the world.

The CBSUA Office of Business and External Affairs extends its warm congratulations
to the people behind this research journal, who made everything possible. Because
of your exemplary hard work, the academe has been consistent in promoting and
commercializing agriculture. With great commendations to the editor-in-chief for doing a
great job collating these brilliant works and leading the team in all aspects of its creation.
Despite the COVID-19 restrictions, every one of you persisted in providing us with new
research and innovation.

| was ecstatic to learn that another completed AGRIKULTURA CBSUA Research and
Innovation Journal was able to be published. | look forward to reading these works and
seeing them be praised for their brilliance. May these inventive ideas become fruitful not
only for CBSUA but also for the agricultural sector and the society to which we dedicate
all our hard work and efforts. We look forward to more publications in the coming years!
Congratulations to the team!

DO S. CAMBA, SR
Vice President for BUsiness and External Affairs
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THE SPIRALLING WHITEFLY, Aleurodicus dispersus Russell (HEMIPTERA:
ALEYRODIDAE): A PHILIPPINE PERSPECTIVE

Karl Fritze S. Sampiano* and Larry V. Aceres
Department of Agricultural Science
College of Agriculture and Related Sciences, University of Southeastern Philippines

Tagum-Mabini Campus, Mabini Unit, Mabini, Davao de Oro, 8807, Philippines

*Corresponding author: kfssampiano@usep.edu.ph

Abstract— Agriculture is among the most crucial sector in almost all countries around the
world. It provides both income and employment opportunities among people ensuring food
security and sustainability. However, an insect pest called spiralling whitefly, Aleurodicus
dispersus Russell (Hemiptera:Aleyrodidae) threatens the agricultural industry. This pest is
native to Caribbean Region and Central America and was first reported and described in
Florida in 1965. From there on, it logistically spreads and invades many countries around
the world. The spiralling whitefly is an intensively polyphagous pest with a wide range of host
plants. It affects the plants by directly feeding on leaves competing with nutrients to the host.
Indirect effects were also observed, such as producing honeydew and waxy substances
that affect the host plants’ overall physiological ability. Management strategies against the
pest include releasing insect predators and parasitoids, removing infested leaves, installing
light and sticky traps, selecting possible resistant crop varieties, using naturally occurring
insecticides, and some synthetic control tactics. However, in the Philippines, very few
studies have been conducted concerning the biology, ecology, and management of this
polyphagous pest. Considering that the country is looking for a sustainable, healthier, and
environmentally friendly pest management approach, research efforts should therefore give
considerable attention to mitigate and prevent the possible impacts of this polyphagous
insect pest in the future of the Philippine agricultural sector.

Keywords— Invasive pest, pest management, Philippines, polyphagous pest,
spiralling whitefly
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INTRODUCTION

Spiralling whitefly, Aleurodicus
dispersus Russell (Hemiptera: Aleyrodidae)
is one of the most economically important
insect pests in many horticultural and
ornamental crops around the world (Kajita
et al., 1991; Srinivasa, 2000; Oliviera et
al., 2001; Chand et al., 2019). This pest
is endemic in the Central America and
Caribbean Region (Russell, 1965; Martin,
1987; Waterhouse and Norris, 1987). It
was regarded as a highly polyphagous
insect pest due to its extensive host range
attacking many important agricultural and
ornamental crops (Srinivasa, 2000; Stansly
and Natwick, 2010). It was introduced in
Canary Island and became an economically
important insect pest in 1962 and was
reported in Hawaii subsequently in 1978
(Paulson and Kumashiro, 1985). In 1981, the
pest was reported in American Samoa and
Guam (Firman, 1982), and a year after, the
pest invaded the Philippines (Waterhouse
and Norris, 1989).

The spiralling whitefly is an intensive
polyphagous insect pest that attacks a wide
range of host plants belonging to 295 genera
and about 90 families of fruits, vegetables,
and ornamental plants (Srinivasa, 2000;
Gundappa et al.,, 2013). It damages the
plant in two different ways. Directly, it feeds
into the plant by inserting its stylet into
the leaf tissues sucking up liquid nutrients
therein, resulting in leaf drop off (Rashid et
al., 2003). Indirectly, the pest secretes waxy
substances on the leaf surfaces, which
initiate the growth of sooty mold fungus
(Purich et al., 1982; Chin et al., 2007). The
pest is also vector plant viruses, affecting
agricultural production (Nasruddin & Stocks,
2014). Yield reduction was recorded in
Guava due to several months of continuous
infestation reaching up to 80% (Wen et al.,
1995) and in Cassava up to 53% (Geetha,
2000) in Taiwan and India, respectively.

Spiralling  whitefly’s intensive and
logistic spread across many countries is

mainly because of the ineffectiveness of
synthetic control measures and inefficient
non-chemical control tactics (Mani and
Krishnamoorthy, 2002). Therefore, this
insect pest presents a significant risk in the
production and movement of agricultural
products across nations (Lambkin, 1998).
Since chemical control is impractical and
uneconomic, alternative = management
approaches such as physical, cultural,
and biological methods are continuously
explored in countries where the pest
has become economically significant
(Waterhouse and Norris, 1987).

In the Philippines, since the first
discovery of the pest in 1982 (Waterhouse
and Norris, 1989), minimal attention and
effort have been carried out concerning its
status, biology, ecology, and management.
Therefore, this paper critically analyzed the
history and status of the pest in the world,
including its management. This was done by
examining various sources and published
literatures both international and local about
the spiralling whitefly. Despite the limited
publications about spiralling whitefly in the
Philippines, this paper aims to offer a better
understanding of the biology and ecology of
the pest. The paper also highlights our efforts
in terms of its management, preventing this
pest from becoming a serious threat in the
Philippine agricultural sector.

Origin, Distribution and History of
Introduction

Spiralling whitefly is native in Central
America and Caribbean Islands but
reported first in Florida in 1957 (Russell,
1965). Since then, the pest has successfully
spread into many parts of the world,
including South America, Africa, Australia,
and some Pacific countries (Paulson and
Kumashiro, 1985; Waterhouse and Norris,
1987; Akinlosotu et al.,, 1993). It was
reported in Cook Island, Kiribati, Papua
New Guinea, Majuro, and Fiji (Waterhouse
and Norris, 1987). In Asian countries, on
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the other hand, it was recorded in India at
Kerala in 1993 (Palaniswami et al., 1995),
and later to the rest of the Indian Peninsula
(David & Regu, 1995). Unfortunately, there
is no sufficient evidence yet to explain its
mode of introduction in India, but it was
hypothesized that the pest possibly came
from Sri Lanka or Maldives (Raman et al.,
2002). In Southeast Asia, through intensive
field surveys and field observations in
Java, Indonesia, the spiralling whitefly was
recorded attacking 22 species belonging to
14 families of ornamental plants, fruit trees,
and annual crops (Kajita et al., 1991; Yuliani
et al., 2005).

Meanwhile, in the Philippines, the
spiralling whitefly was first recorded in 1982
by Waterhouse and Norris (1989). The
insect was reported as an emerging pest
in 1987 in the province of Laguna and was
believed to be introduced in the country
through strong winds and typhoons (Medina,
1987). In the past few years, through an
intensive survey, the pest was reported
in the Island of Mindanao, Philippines,
particularly in the SOCSARGEN region,
and was observed attacking banana plants
(Aguilar et al., 2014). Since then, there have
been no subsequent studies on the status
and distribution of spiralling whiteflies in the
Philippines.

Taxonomy, Biology and Ecology of
Spiralling Whitefly

The spiralling whitefly was first reported
and described in Florida, USA, in 1957
by Russell (1965). The placement of this
whitefly species is under the subfamily
Aleurodicinae, which is among the three
subfamilies under the family Aleyrodidae
(Mound and Halsey, 1978). The spiralling
whitefly was just among the 100 estimated
species under this family (Russell, 1965).
To distinguish this species from the
other whiteflies, Russell (1965) further
described the spiralling whitefly based on
the pupal stage. The spiralling whitefly has

compound and distinctive pores during this
development stage, which is different from
the other whitefly species. However, this
would be a laborious way of identification
and requires microscopic examination.
Therefore, detailed taxonomic keys
were provided based on some important
characteristics of adults and puparia to
differentiate spiralling whitefly from the other
closely related species (Martin, 1987). On
the other hand, no single attempt has been
made concerning the taxonomic status of
spiralling whiteflies in the Philippines.

Visually, this insect can be characterized
by a small white-colored sucking insect
closely related to mealybugs and aphids
(Chin et al., 2007). The pest’s life cycle
consists of eggs, four stages of a nymph,
and the adult (Chand et al., 2019). Eggs
are yellow and elliptical, measuring about
0.3 mm long and singly laid underneath
the leaves (Reddy, 2015). The eggs are
laid with a short stalk or pedicel inserted
into the tissues of the plant host during the
process of oviposition (Waterhouse and
Norris, 1989). It can be characterized by
irregularly spiralling deposits of flocculent
waxy structure. The first larval stage of
the insect is called crawler and is mobile;
however, can only travel short distances in
search of feeding locations (Martin, 1987).
The succeeding immature (2nd and 3rd)
stages have an oval disc shape; about 0.5
to 0.65 mm long, soft-bodied instars, and
can be observed as stationary while feeding
on a fixed location. Waxy cottony secretions
are more visible in these stages than in the
4th instar (Russell, 1965).

On the other hand, the pre-imago or the
4th instar stage is enclosed in a puparium
that is about 1.6 mm long and has glass-
like rods wax along the side of the body.
The imago looks like a minute white-colored
moth with a body length of about 2 mm in
length (Martin, 1987; Banjo, 2010). The
wings of the adults are plain white but may
appear pale yellow with dark spots on the
forewings (Chin et al., 2007). Spiralling
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whiteflies’ developmental biology was
intensively studied in Nigeria on different
cassava genotypes. The incubation period of
eggs takes about 6-10 days; the first nymph
takes 3-7 days, the second instar takes 4-7
days, the third instar takes 4-7 days, and the
fourth instar takes 6-10 days (Banjo et al.,
2003). In the Philippines, parthenogenesis
was reported as the mode of reproduction
by the pest. However, the average number
of eggs laid by the mated and unmated
males was similar at 67.7 eggs per adult
female. Meanwhile, the percent hatchability
of the pest in the Philippines reaches up to
88.3 percent (Medina, 1987).

Like any other tropical insect species,
temperature and the amount of rainfall were
the major climatic factors directly affecting
the developmental period of spiralling
whitefly regardless of the type of host (Banjo
and Banjo, 2003). Lower temperature and
heavy to occasional rainfall led to the partial
reduction of the Whitefly population (Mani,
2010). Meanwhile, temperatures between
40-45 and 35-40 °C increased the mortality
rates of immature and adults, respectively,
while temperatures below 10 °C also resulted
in higher mortality of the pest (Cherry, 1979;
Waterhouse and Norris, 1987). In India,
the pest was present throughout the year,
with a peak population in March to June
but gradually decreased between October
to January (Mani & Krishnamoorthy, 2000;
Gopi et al., 2001). Meanwhile, in Nigeria,
moderate rainfall amount together with a
high temperature in the month between
April and May, which is also the start of the
rainy season after the prolonged drought in
December to January, definitely favors the
population of spiralling whitefly to increase
(Banjo and Banjo, 2003). However, in June
and July, which is the wet season in Nigeria,
the pest population gradually decreases
because many of the eggs are washed out
by intense rain with heavy winds (Banjo and
Latunde Dada, 1999; Banjo et al., 2003;
Asiwe et al., 2002). In the Philippines, the
pest population dynamics was reported to

be highly correlated with relative humidity,
number of rainy days, and amount of rainfall
but showed no correlation with temperature.
Moreover, the number of natural enemies
increases as the population of whitefly
increases indicating a probable functional
response (Medina, 1987). However, there
is no available data regarding the seasonal
abundance of the insect pest in the
Philippines throughout the year.

Economic Importance

Thespirallingwhitefly’shighreproductive
capacity and dispersal rate in most of the
invaded countries pose a significant threat
to the agricultural industry around the world
(Pacific Pest and Pathogen, 2016). The
pest becomes economically crucial in two
distinct ways. First, it directly feeds on the
plant tissues posing a competition with the
host for nutrients. The saps are composed
of essential carbohydrates and other vital
nutrients that are supposed to be utilized by
the biochemical processes of the plants. As
aresult, plants compete with the insect pest
causing premature leaf drop and decreasing
the overall productivity of the host (Bryne
et al., 1990). Secondly, the production of
honeydew stimulates the growth of sooty
molds, which affects the photosynthesis
of the host plant (Puritch et al., 1982;
Kumashiro et al., 1983). The growth of
the fungus hinders the absorption of light,
movement of water and gas exchange,
leading to wilting symptoms of the leaves
(Reddy, 2015). These two ultimately lead to
the reduction of the yield from the infested
crop.

Generally, almost all species of
whiteflies can transmit plant diseases,
specifically viral pathogens. Spiralling
whitefly was reported to transmit Cassava
Brown Streak Disease in Nigeria efficiently
(Mware et al., 2009) and Pepper Yellow
Leaf Curl Disease in Indonesia (Nasruddin
and Stocks, 2014). The transmission of
these diseases by the pest is believed to
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be in a persistent manner, just like aphids,
mainly when there is enough time to acquire
the viral inoculum (Costa, 1969). In the
Philippines, it was documented that the
pest attacks 40 plants species belonging to
14 families. Specific plants preferred by the
pest include Psidium guajava, Euphorbia
pulcherrima, Capsicum annuum, and Musa
spp. (Quimio and Cayetano, 1985; Medina,
1987).

Management Approaches

Spiralling whitefly was not believed
an important insect pest from its native
origin in Caribbean Region and Central
America because the insect is assumed
to be regulated by its natural enemies
(Prathapan, 1996). However, whitefly
management has been a great challenge
today to most countries where the pest
became economically crucial due to its
polyphagous nature and wide host range
(Chand et al., 2019). Thus, it was highly
recommended that whiteflies be treated by
integrating natural regulators, improving the
functional response of natural enemies, and
area-wide management programs (Chandel
et al., 2010).

1.1. Biological Control Method

Biological control was considered one of
the most important and safest management
tactics and has been an effective component
of integrated pest management worldwide
(Chand et al.,, 2019). Since spiralling
whitefly is an exotic insect pest in most
countries, the introduction of biological
control agents is necessary to have a better
and sustainable management approach
(Lopez et al., 1997). Introduction of natural
enemies like aphelinids and coccinellids
from the Caribbean Region to Hawaii and
some of the Pacific countries showed
promising results against the spiralling
whitefly (Kumashiro et al., 1983; Paulson
and Kumashiro, 1985; Waterhouse & Norris,
1989). Two aphelinid wasps Encarsia

haitensis and Encarsia guadaloupe vigigani
were also studied in Nigeria and Ghana
against the pest (Neuenschwender, 1994).
When the presence of spiralling whitefly
was first observed in Benin, Africa, the
wasps £. haitiensis and E. guadeloupae
were reported to control the pest population
in guava (D’Almeida et al, 1998).
Successful control for spiralling whitefly
was also reported in Australia when E.
haitiensis was introduced in Queensland
(Lambkin, 1998). Similarly, three aphelinid
wasp species were introduced in Japan,
namely Erefmocerus munaus, Erefmocerus
eremicus, and Encarsia formosa against
the pest (Sugiyama et al., 2011). The
efficiency of these aphenlinid wasp species
to parasitize spiralling whitefly nymphs
was studied in India and reached 33.88 -
100% in different host plants (Beevi et al.,
1999; Srinivasa et al., 1999; Beevi & Lyla,
2001). On the other hand, more than 40
native predators were reported against the
spiralling whitefly in India, most of them
are generalist, and only a few are species-
specific (Ramani et al., 2002). In Southern
Pacific mainly, pirate bugs, lacewings, big-
eyed bugs, many coccinellid beetles, and a
mite species were the common predators
of spiralling whitefly (Messelink et al., 2008;
Chand et al., 2019). Additionally, Sfenthonus
spp., a species of small dark beetle, was
reported in India to predate the nymph and
pupa of the pest (Banjo, 2004). Meanwhile,
entomopathogens have also appeared as
a potential biological control agent against
spiralling  whitefly.  Entomopathogenic
fungi such as /saria farinosa (formerly
Paecilomyces farinosus), B. bassiana, M.
anisopliae, L. lecanii, and P fumosoroseus
were found to be effective in reducing
the population of the pest up to 100% in
laboratory and field conditions (Mani et
al., 2000; Boopathi et al., 2013; Boopathi
et al.,, 2015a; Boopathi et al., 2015b).
In the Philippines, 13 natural enemies
were reported to regulate the population
of spiralling whitefly in the province of
Laguna. Among these, ten were considered
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predators; 8 of these were beetles, and 2
were chrysopids, while the remaining 3 were
hymenopteran parasitoids. The significant
predators that showed a high predation
rate were Chrysopa splendida, Chrysopa
basalii, and Clambus spp. (Medina, 1987).
However, there is a dearth of published
reports on entomopathogens as biological
control agents against the spiralling whitefly
in the Philippines.

1.2. Cultural/Physical Method

The cultural pest management method
is one of the classical techniques to manage
insect pest population that affects agricultural
industry (Hill, 1987). It is defined as the
purposeful modification of crop production
techniques to reduce the pest population
or the damage caused by the pest. This
method includes modifying the environment
where the crop is established and enforcing
the correct agronomic practices (Schellhorn
et al., 2000). In combating the spiralling
whitefly using the cultural method, the
selection of plant varieties that are somewhat
resistant against the pest was promising
as a cultural management method. It was
reported that some cassava genotypes in
India showed compensatory ability even
there is a high infestation of the whitefly
(Banjo et al., 2004). Further, removing low-
lying weeds during the wet season prevents
the re-infestation of the pest since, during
the wet season, infestation re-occurs when
the environment is favorable (Banjo and
Latunde-Dada, 1999). Use of clean planting
materials and removal of infested leaves
to rid the immobile immature and pupal
stages may also be an environmentally
friendly approach; however, it does not
completely remove the presence of the
pest but at least reduce their population
(Geetha, 2000; Chand et al.,, 2019). On
the other hand, installation of yellow sticky
traps, light traps covered with Vaseline
coating, and fluorescent light with castor
oil effectively attract the adult population
of the pest and can be placed both in

greenhouse and field conditions (Srinivasan
and Mohanasundaram, 1997; Mariam,
1999; Geetha, 2000; Barbedo, 2014).
Unfortunately, there were no published
articles on using this pest management
method against spiralling whitefly in the
Philippines.

1.3. Chemical Method

In countries where natural enemies
and cultural management methods are
not possible, a resort to chemical control
is necessary to manage spiralling whitefly
and is one of the options for most farmers.
It is also recommended that when the pest
population becomes severe, synthetic
control may be used to prevent significant
economic losses due to the attack of the
pest (Asiwe et al, 2002). Commonly,
synthetic insecticides such as Dimethoate
30 EC, Chlorpyriphos 20EC, Cypermethrin
10EC, Thiamethoxam 25WG, Diazinone
60EC, Chlorpyrifos 48EC, and Malathion
57EC were used against spiralling whitefly
(Roy et al., 2014; Reddy, 2015; Khan, 2017;
Khalil et al., 2019). Similarly, chemicals
such as buprofezin, imidacloprid, pyridaben,
and spiromesifen also showed promising
results (Bi et al., 2002; Toscano and Bi,
2007). Insecticidal soap and detergents,
on the other hand, have been reported to
effectively control the spiralling whitefly and
other insect pests in many countries (Puritch
et al., 1982; Waterhouse and Norris, 1989;
Butler et al., 1993; Laprade and Cerdas,
1998; Hall & Richardson, 2013; Boopathi
et al.,, 2014). In the Philippines, there is a
limited report concerning the application of
chemical insecticides against the spiralling
whitefly. It was stated that Chlorpyrifos,
diazinon, malathion, and methomyl were
the synthetic insecticides used against the
pest infesting guava in Laguna, Philippines
(Quimio and Cayetano, 1985). However,
chemical control against the pest was
uneconomic and impractical since it
destroyed the abundance of natural enemies
like insect parasitoids and predators in the
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field (Kajita et al., 1991).

1.4. Botanicals

Botanical insecticides have been
considered to represent an alternative
to chemical insecticides in protecting

crops. Some major contributing factors for
exploring such alternatives are health and
environmental issues of using synthetic
chemicals, uneconomic, impractical,
and several reports of pest developing
resistance (Kajita et al., 1991; Oliveira et
al., 2001; Aktar et al., 2009; Chand et al.,
2019). With these issues in mind, essential

oils and plant-derived extracts were recently
explored against a variety of insect pests
that affect crops (Singh et al., 2012; Yang,
2010). It was reported that the mode of
action of these biopesticides is mainly
through contact action. These natural
insecticides disrupt the natural functions
of the cell, hinder the respiration process
by blocking the entry point of air and inhibit
growth and development (Bogran et al.,
2006; Fogang et al., 2012; Subbalakhmi et
al., 2012). Neem (A. /ndica) extract diluted
in ethanol and acetone applied topically
resulted in 100% mortality of spiralling
whitefly (Alim et al., 2017). Neem oil has

Table 1. Summary on different management approaches against the spiralling whitefly.

Method
Country/s of Pest Specific Management Technique References
Management
. Kumashiro et al. (1983)
Hawaii Biological :;‘;;Z‘iﬁg?;sn of Insect predators and Paulson and Kumashiro (1995)
Waterhouse and Norris (1989)
Carribean Region Biological Native Parasitoids and Predators Waterhouse and Norris (1989)
Nigeria Biological Introduction of insect parasitoids Neuenschwender (1994)
Ghana Biological Introduction of insect parasitoids Neuenschwender (1994)
Benin Biological Parasitoids D’Almeida et al. (1998)
Australia Biological Utilization of insect parasitoids Lambkin (1998)
Japan Biological Introduction of insect parasitoids Sugiyama et al. (2011)
Beevi et al. (1999)
Srinivasa et al. (1999)
Biological Insect predators and Parasitoids, Mani et al. (2000)
gical, entomopathogens, removal of low Beevi and Lyla (2001)
. Cultural, . o . .
India ) lying weeds, application of synthetic Ramani et al. (2002)
Chemical and . . .y .
Botanical chemicals, insecticidal soap and Boopathi et al. (2013)
neem. Boopathi, et al. (2015a)
Boopathi, et al. (2015b)
Khan (2017)
I Chemical and Appllc:a.tlon‘ of syl?thetlc insecticides Quimio and Cayetano (1985)
Philippines and utilization of insect predators

Southern Pacific

Biological

Biological and

and parasitoids.

Use of insect parasitoids, predators

Application of synthetic chemicals

Application of diluted soap and

botanicals and medicinal plant extracts
Indonesia Biological Utilization of insect predators
Chemical and
Bangladesh bitanicals and plant extracts.
Costa Rica Chemical

detergents.

Medina (1987)

Messelink et al. (2008)
Chand et al. (2019)
Chand et al. (2016)

Kaijita et al. (1991)
Khalil et al. (2019)
Alim et al. (2017)

Laprades and Cerdas (1998)
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also been effective against the pest in
several countries (Ramani et al., 2002).
Meanwhile, essential oils of some medicinal
plants in the South Pacific, namely Cananga
odorata, Cymbopogon citratus, Murraya
koenigii, Ocimum tenuiflorum and Euodia
hortensis showed excellent repellent and
fumigant effects (Chand et al., 2016).
There was a study in Bangladesh exploring
eight species of plants extracted in ethanol
and acetone against the pest (Alim et
al.,, 2017). Unfortunately, there is still no
published report in the Philippines until this
date regarding the utilization of botanical
insecticides against the spiralling whitefly.

Quarantine Regulations

Evenifthere are management strategies
for spiralling whitefly in many countries
globally, quarantine is still one of the most
critical strategies for countries which the pest
has not invaded until this date. Quarantine
restrictions are significant in regulating
the movement of infested plant materials
together with insect pests (Karuppuchamy
and Venugopal, 2016). The movement of
plants and produce across borders requires
specific regulations and inspection to ensure
the products are free from insect infestation
(Chin et al., 2007). In Queensland, plants
should be inspected not more than 48 hours
after arrival in the facility. Both sides of plant
leaves must be inspected thoroughly by an
authorized plant inspector. If accepted, the
inspector will issue the authorization for the
plants to enter the country. However, if the
spiralling whitefly is detected, the plants
will be automatically rejected, immediately
removed from the area, treated with
insecticides, and eventually discarded
(Queensland Government, 2002). In the
Philippines, a presidential decree 1433;
otherwise known as the Plant Quarantine
Decree, was enacted in 1978 that provides
power to the Bureau of Plant Industry (BPI)
in promulgating regulatory procedures
to prevent the introduction, incursion,
establishment, and the possible spread

of different pests and diseases during
movement of agricultural products across
boundaries. The decree further provides
plant quarantine rules and regulations
that adhere to the UN’s International Plant
Protection Convention (IPCC) (Ani, 2017).

CONCLUSION
PROSPECTS

AND RESEARCH

The spiralling whitefly is indeed a
serious insect pest of several crops in
many countries around the world. The pest
becomes a significant concern of most
farmers due to its intensive host range.
This is because the pest feeds directly on
the leaves, removing nutrients from plants.
The production of waxy substances and
honeydew also cause indirect damage
by interfering with photosynthesis. Many
scientists reported the development of
spiralling whitefly to be highly correlated
with agrometeorological factors such as
relative humidity, temperature, and rainfall.
One of the concrete bases in any pest
management is the data on the population
dynamics of the concerned pest. Knowledge
of these factors provides the exact time
for a control measure to be applied.
However, there is a dearth of researches
concerning seasonal fluctuations  of
spiralling whitefly throughout the year in the
Philippines, suggesting that more efforts
on pest monitoring and detection are vital.
Meanwhile, it was reported that this pest
is a vector of numerous plant viruses that
could be a potential for a disease outbreak
in many crops. Thus, future research should
also focus on the virus-vector interaction,
including the pest’s efficiency in transmitting
such plant viruses.

As to the management of the pest,
chemical control is still the option of many
farmers. However, numerous records of
biological control agents such as predators,
parasitoids, and entomopathogenic fungi
were all effective against the spiralling
whitefly. Moreover, the bioefficacy of
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botanical insecticides against the pest
was also intensively explored in recent
years. In the Philippines, however, only
predators, parasitoids, and chemical
control were studied. These limitations
open the opportunity for future studies to
explore entomopathogenic fungi and other
entomopathogens as potential biological
control agents against the spiralling whitefly.
In addition, utilizing botanical insecticides
against the spiralling whitefly is strongly
advocated since there are dearth published
efforts in the Philippines concerning natural
insecticides for this insect pest. On the other
hand, cultural methods have also been
reported as a contributory factor for effective
management against the pest. The use of
this method must also be carried out in the
country to utilize farm resources efficiently.
Additionally, more recent evaluation on
the efficiency of predators and parasitoids
and the efficacy of newer synthetic
insecticides with new mode of action is also
recommended.

Due to environmental concerns and
health issues, the non-chemical approaches
as significant components of the integrated
pest management program for spiralling
whitefly must be given utmost priority in
future works to have safer food products,
a healthier environment, and prevent pest
resistance. Although there are no reports
of the spiralling whitefly outbreak in the
Philippines since its first discovery in 1982,
still it is important to monitor its occurrence
and status to quickly respond to the pest
before the outbreak scenario. Considering
that this pest has a wide host range, it is
undeniable that it would significantly affect
Philippine Agriculture if given favorable
conditions. Hence, mitigation and constant
monitoring of its status are paramount
to protecting the countries’ agricultural
industry.
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Abstract— Vetiver grass (Chrysopogon spp.) is characterised by creating a dense hedge
that acts as a barrier against rainwater runoff. The barrier significantly reduces the runoff
velocity that enables the sediment contents of the runoff to be deposited behind the hedge
depending on the slope of the land that creates terraces over time. This case study aims
to review the characteristics of the vetiver roots and evaluate its effectiveness in protecting
unstable slopes. Field trials were conducted in selected mining areas in Papua New Guinea
using quality planting materials and fertilizers for rapid growth and a very immense network
of roots formed in the sail. Its root average tensile strength of 75 MPa or approximately 1/6th
of mild steel, higher than several trees traditionally used for steep slope stabilization. Vetiver
grass is tolerant to drought, saline soil, high and low temperature, thus it lives longer. The
effectiveness of Vetiver System Technology is presented in this case study on very unstable
sites in Papua New Guinea.

Keywords — Vetiver grass, vetiver roots, slope stabilization
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INTRODUCTION

There are three well-known vetiver
species: Indian vetiver (Chrysopogon
zizanioldes), African vetiver (Chrysopogon
nigritana), and South East Asian vetiver
(Chrysopogon nemoralis). In addition, there
are five less known species: Chrysopogon
lawsonii and  Chrysopogon gryllus in
northern India and three Australian native
vetiver species:  Chrysopogon  filjpes,
Chrysopogon elongata and Chrysopogon
rigidus.

The Indian vetiver species (C.
zizanioides) is further distinguished in to
South Indian and North Indian cultivars.
Among these, South Indian vetiver C.
zizanloides is the best known and globally
most widespread species due to its
essential oil production and use in thatching.
Presently, the South Indian cultivar is
cultivated for various applications in tropical
and subtropical Africa, Asia, Americas,
Oceania, and Mediterranean Europe. The
North Indian cultivars is not commonly
cultivated, and it only exist in swamps in the
northern states of India.

Lavania (2008) of the Central Institute of
Medicinal and Aromatic Plants in Lucknow,
India stated that vetiver is native to India,
where it is known to be used both for its
fragrant oil and as traditional medicine since
antiquity, and its hedges have been used
for soil conservation of agricultural lands in
India since centuries.

Throughout the tropical and sub-
tropical wild states in India, vetiver occurs
particularly in marshy land and along
riverbanks. It has wide range of ecological
distribution ranging from sandy coastal
swamps to plains and foothills, and also on
the hilltops up to elevations of 800m in the
Kumaun hills of Uttar Pradesh. Two distinct
morphological cultivars of vetiver are found
to inhabit spatially separated geographic
regions in India.
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The two cultivars are distinctly different.
The north Indian wild types flower profusely
with high seed-setting and narrow leaves,
roots produces superior quality laevorotatory
oil (ruh-khus or khus oil). On the other hand,
the south Indian cultivated types has low/
non seed-setting and wider leaves, non/
late flowering pattern, and produces lower
quality of dextrorotatory root oil.

The South Indian C. zizanioides vetiver
grasshasdeep penetrating tuftedrootsystem
and a prolific clump of tillers above ground
reaching the height of up to 2.5 meters, and
the roots growing indeterminately reaching
up to 3 meters in one year. Propagation
can be done vegetatively through planting
of tillers. Vetiver root complex has tuft
of fibrous roots which grows vertically
penetrating deep into the soil. However,
this penetrating root system may have a
diverse architectural pattern, ranging from
limited spread to vertically penetrating. The
main source of essential oil are the primary
fibrous roots in contrast with the lateral hairy
roots with little oil. However, these lateral
hairy roots does help in the formation of
root-web facilitating strong soil binding.

The objectives of this case study is to
review the role of vertiver roots and evaluate
the effectiveness of vetiver grass under
different climatic conditions in Papua New
Guinea in protecting unstable slopes.

Plant roots and their Interaction with Soil
Medium

In the book Plant Roots: Growth,
Activity, and Interaction with Soils, Gregory
(2006) pointed out the importance of the
following attributes of the root system
and its interactions with the surrounding
environment.

Mass and Length
Most of the vetiver roots are fine roots

(€2 mm diameter), but coarse roots make
up by far the majority of the root biomas in
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croplands and temperate grasslands. The
fine roots constitute the primary pathway for
water and nutrient uptake in many biomes.

Depth of Rooting

Factors which influences the depth of
rooting are the genetic and environmental
factors. The depth to which roots can grow
has many implications for the hydrological
balance and biogeochemical cycling of
ecosystems. A maximum rooting depth of
253 woody and herbaceous species from
the major terrestrial biomes were found
to have a maximum rooting depth varying
from 0.3m for some tundra species to 68m.
Twenty-two species had roots that extended
to 10m or more but 194 species had roots
that were at least 2m deep.

Root Longevity and Turnover

High variability in the median lifespan
of roots, ranging from a few weeks in some
plants (annual crops like sweet potato and
groundnut) to many months (sugar maple).
In the grass family, thicker roots and high
tissue density have also been associated
with increased longevity. In nutrient-poor
environments thicker roots with a longer
lifespan may increase the residence time
of nutrients in the plant, and provide an
important means of nutrient conservation.

Lavania (2003) pointed out that
the Vetiver Root System has diverse
applications such as land/slope stabilization,
bio-engineering, and environment specific
cultivation.

Each application envisages specific a
type of root system, hence search for an
ideal Root Type for specific applications.
For land/slope stabilization and other
Bioengineering applications, its roots needs
to be profusely branching, spreading type
with the amount least essential oil.
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VETIVER GRASS ROOTS

Botanical Organization of Vetiver Root
System

The veritver roots are characterized
to have a tufted vertically growing root
system, primary roots are supported with
secondary fibrous roots, juvenile primary/
secondary roots are solid with persistent
cortex and little oil, mature thick roots are
spongy with schizogenous cortex and have
well developed phloem, phloem is the site
of essential oil synthesis and storage, solid
vascular cylinder provides tensile strength
to roots, and schizogenous cortex facilitates
root aeration suitable for submerged
conditions. Presented in Figure 1 is the
vetiver root system showing its diversity.

Fig. 1. The diversity of the vetiver root
system.

Lavania (2019) also pointed out that
most grasses have fibrous roots, which
spread out from the underground part of
the crown and hold the soil in a horizontal
pattern. However, the vetiver root whether
it is the main and secondary roots ot their
fibrous ramification, penetrate vertically into
the sail. In vetiver, the roots are biologically
the most important and economically the
most useful part of the plant. In addition
to absorbing water and stabilizing soll
moisture, vetiver roots reinforce the integrity
of the soil structure.

Structural Dynamics of Vetiver Root

Vetiver roots are comprised of the
tufted mass originating from the crown from
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which shoots arise. In general, growth and
behavior of roots is coupled closely to the
growth and behavior of shoots. Twelve to
eighteen months old vetiver plants has well-
developed vascular cylinder and persistent
cortex.

Yoon (1989), in an expert on
bioengineering using vetiver for slope
stabilization (cut and fill batters), described
the vetiver root system as very deep and
vigorous. With the use of quality planting
materials and appropriate fertilizers, rapid
growth was obtained and a very immense
network of roots formed in the soil. These
were clearly demonstrated by plant
excavations in China, Malaysia, Thailand,
Vietnam. Shown in Figure 2 is a one-
year old vetiver roots in Thailand. In the
Mediterranean climate of Spain, the roots
reached down to 2.1m, after nine (9) months
of growth. After |4 months in the field, the
roots reached 2.6m depth, and this was
despite going through a winter period when
sub-zero temperatures killed the tops.

Fig. 2. One year old vetiver with
3.7m root in Thailand

18

Lifespan of Vetiver

As life span and size of its root system
play a very important role in bioengineering,
measures that encourage root growth
and persistence, even at the expense of
its shoot growth should be encouraged.
Through a personal communication with
Don Miller, as his review on the existence of
vetiver in the South West Pacific Islands, he
discovered some long lived vetiver plants
in the region, which had been introduced
earlier, that could be over 100 year old in
New Caledonia.

Vetiver Root Responses to Varying
Temperature

Although vetiver is a tropical plant, it is
extremely tolerant to low temperature. In
Australia, vetiver growth was not affected by
severe frost at -14°C ground temperature, it
survived for a short period at -22°C (-8°F)
in northern China. In Georgia (USA), Vetiver
survived in soil temperature of -10°C but not
at -15°C.

Under phytotron  conditions, on
average, at temperature above 25°C, daily
root growth of 3cm was recorded and at the
soil temperature range of 15°C (day) and at
13°C (night), root growth continued at the
rate of 12.6cm/day, indicating that vetiver
grass was not dormant at this temperature.
(Truong, 2003).

Physiological Adaptations of Vetiver
under Drought
Under drought conditions, vetiver

extends its roots until they reach the
moist subsoil and beyond the water table.
Significant physiological adaptations of its
root must occur during this water stress
period. Under artificial inducement it can be
in excess of 11m as in Guatemala. At that
depth, oxygen level in the soil is extremely
low, to sustain this underground growth,
vetiver has to rely on the oxygen supply
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from the shoot through its phenomenal
network of parenchyma (Wang, 2000)

Salt Tolerance of Vetiver Grass

As shown in the graphs below, the saline
threshold of Monto vetiver is ECse = 8 dSm-
1 (left) and soil ECse values of 10 and 20
dSm-1 would reduce yield by 10% and 50%
respectively (right). These results indicate
vetiver grass compares favorably with some
of the most salt tolerant crop and pasture
species grown in Australia as shown in the
Figure 3 (Truong, 2003).
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Fig. 3. Salt tolerance of vetiver grass.
Vetiver as a Bio-Engineering Tool

Hengchaovanich and Nilaweera (1998,
1999) reported that soil bioengineering is
a recent technology using live materials,
mainly vegetation, on its own or in
integration with civil engineering works to
solve problems relative to soil erosion and
slope stabilization.

In the tropical and subtropical regions,
the re-vegetation of slopes can be by
means of hydroseeding of cover crops (for
minor surface movement) or the use of fast-
growing shrubs and trees for the mitigation
of deep-seated erosion in the order of 20-
150 cm depths. In the event of heavy and
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prolonged rainstorms, the tree or shrub
roots are able to grip and bind the soils
needed to prevent the deep-seated surface
slips. This is because roots or “inclusions”
impart apparent cohesion (cr) similar to “soil
nailing” or “soil doweling” in the reinforced
soil principle, thus increasing the safety
factors of slopes permeated with roots vis-
a-vis no-roots scenario.

Inherent drawbacks among trees and
shrubs due to their too slow to establish
to become effective. Even fast-growing
species will take about 2-3 years to become
established and are in danger of being
uprooted during heavy storms, typhoons
or cyclones. Although vetiver is a grass, it
possess tree-like feature thus becomes
a good alternative to trees or shrubs for
bioengineering applications.

In 2000, the International Erosion
Control Association published an article
featuring vetiver grass as a bio-engineering
tool due to its unique characteristics: a)
vetiver grows upright, forming a dense
hedge within 3-4 months, resulting in the
reduction of rainfall runoff velocity and
formation of an effective sediment filter; b) a
vigorous, massive and dense subterranean
root system that reaches vertically 2-5 m
depth depending on soil types; c) the roots
are very strong compared to other hardwood
species as shown in Table below, having
an average tensile strength of 75 MPa or
approximately 1/6th of mild steel.

<

y=59.80x - 05785

(These roots have a tensile strength
equivalent to 1/6 mild steel

* reinforcement)

®

100
75 MPa (18 of
wid

Steal Strangth)

X

Root Tensile Strength ( MPa)

Mean
Tensile
Strength

/ Average Root Diameter

T T
0 10 20
Root Diameter (mm)

Fig. 4. Tensile strength of vetiver roots.
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Effectiveness of Vetiver Grass in Steep
Slopes Stabilisation, a Case Study in
Tabubil, Papua New Guinea

The Fubilan Mine Pit and Kiunga Port
facility are linked up by the Mill-Tabubil-
Kiunga road corridor that stretches out for
approximately 158km. This road corridor is
critical to the business as it facilitates the
movement of materials necessary for the
operations of the Mining Limited Company
at Papua New Guinea. Furthermore, it
is essential for the service of Copper and
Pyrite Concentration Pipes, Power Pylon
and water supply pipes as they are located
alongside the road corridor. The existence
of geotechnical hazards along the road
corridor and around the mine poses
significant threats to the stability of the roads,
service lines, infrastructures and ultimately
the business. Geotechnical hazards are
erodible slopes and road batters along
road corridor of the mill-mine access roads
that are prone to failure. Hence, regular
geotechnical visual inspections and survey
monitoring of these identified geotechnical
hazards are carried out to ensure the
stability of the road and other business
infrastructures are maintained to allow for
consistent traffic flow for normal business
operations. Therefore, survey prisms are
installed at selected active geotechnical
hazard sites which are considered to be
active having moderate to high risk with the
potential to have an impact on the roads,
service lines and other infrastructures.

The Problem

The geographical setting of Mining
Limited at Papua New Guinea makes
it vulnerable to natural disasters. It is
mountainous and hilly with torrential
monsoon rains. Landslides, is one of
the frequent natural disasters commonly
causing severe damage, thus constituting
a severe threat to human life, infrastructure
and mine production. Excessive water is
the common cause that triggered major
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landslide in Tabubil. The current climate
change effects will continue to result in
more frequent and intensive storm events,
and the landslide disasters will become
increasingly more severe for the highway
and this access roads which is the lifeline of
Mining Limited at Papua New Guinea.

Eagle Vetiver Systems Ltd. as a
consulting contractor with the Roads and
Civil Engineering team carried out a joint
visit of the geo-hazard sites and identified,
accessed and evaluated the procedures,
and thereafter implemented the Vetiver
System Technology (VST) for the re-
vegetation and stabilization of slopes as
identified to be hazardous.

As per observation, the geology of the
entire slopes comprises silty clay to silty
loam clay soil structures that was weathering
and/or has completely weathered due to
accumulation of excess water by the high
rainfall (averaging 8,000mm annually)
activities, which was resulting in occasional
landslips.

Site Inspection of the Slopes

Eagle Vetiver Systems Limited’s
qualitative assessment classified the
road into five categories during the site
inspection. The categorization were done
basically to categorize each hazard site for
ease of management in terms of prioritizing
which slopes needed urgent remedial works
to prevent slope failures. The purpose of the
characterization was to distinguish between
slopes that are highly likely to pose a risk to
the road, the people, and the damage it will
cause to the infrastructure.

Native vegetation on the slopes was
minimal, consisting mostly of shrubs and
creeping grasses. All have shallow rooting
structures and, if disturbed by human
activities, will poses risk. Therefore, it was
highly recommended that vetiver grass
be planted as a primary grass, which will
encourage other grasses to grow between
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vetiver rows.
Field Trial

Field trials were conducted at two sites
on road embankments for slope protection
with vetiver on two different geohazard
sites along the Kiunga/Tabubil highway
to evaluate the effectiveness of vetiver
grass under Papua New Guinea climatic
conditions. Slope stability analysis from our
planting showed that the growth of vetiver
grass increased the factor of safety hence,
reducing slope movement significantly. The
slope stability analysis was done by way of
monthly survey prism movement monitoring.
Iron prisms were placed randomly across the
slope face and movement data compilation
were collected to analyze the elevation
movement trend.

Site 1

This site at KM99 was identified to be
potentially an unstable area with landslides
on both sides of the road. This slope
had conventional engineering structures
constructed but with little success with
ongoing slope movements hence affecting
the road from time to time.

Fig. 5. View of the slope planted with Vetiver
Grass (Site 2).

As shown in Figure 5, this site has a
maximum length of 150m and maximum
width of 39m. The slope gradient has a main
scarp around 190%, the head about 40%
and the minor scarp around 60% on the
right and 50% on the left. From the foot to
the toe was 15%. The soil was mainly fine-
textured, with a mixer of grey sand stone
siting on completely weathered hard clay.
Due to recent site preparation for the vetiver
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grass planting, there was no vegetation.
The main scarp was unstable and there
was potential for a failure that would cause
material to fall, however it will be moderate.
vetiver grass was also planted to minimize
and to stabilize the slip area.

Slope gradient as indicated in red circle
is 214% and about 62m? in surface area,
but it was identified to be stable, so planting
of vetiver grass was not needed. On the
other hand, the zone of accumulation was
sitting on riverine gravel and sand stone
remains from the landslip, 3 rows of vetiver
were planted at 7.5 meters between rows
to control soil erosion at the toe. When
Vetiver was planted on compacted riverine,
growth was slow initially. However, when
top soil was applied at the base of the
grass to provide plant nutrient, plant growth
improved remarkedly.

Site 2

This site at KM98 was unstable due
to landslides. The total slip face area was
2616.1m?, with minimum width of 27.0m
and maximum length was 74.8m. It has a
15% gradient on the left, with the middle
being 14% and the right with 20% gradient.

The right flank was noted to be stable.
Traverse cracks and radial cracks were
evident on the foot and toe of the slope and
poses risk of further slumping. Underground
water was also seeping out from adjacent
pool of water, drains were constructed to
drain out the sitting water in the pool.

Pools of Water

C

5 Water eepage

Fig. 6. View of slope from the toe (Site 2).

Bamboos that were planted on the
slope a few months back were removed and
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replanted at the toe of the slope to increase
shear strength. Some small trees growing in
the middle were also cut back to avoid the
trees from over shading the vetiver at initial
growing stages. Figures 6, 7 and 8 show the
site before, during and after planting.

Assessment of the trial plantings

Site 2 planting has shown very
encouraging results, as reported by Nolin
Munia (2018). They were reported to be
a success with the site having fully grown
vetiver hedges. Active movements of the
slope (both downward movement and
cumulative elevation trend) have significantly
reduced over time with minimal movements
picked up during monitoring as shown in the
following pictures. The reduction in slope
movements have indicated that with time
and root growth of the vetiver grass, slope
stability has significantly improved.

6 1AKIE 0617 2Sepl7  10ApHIZ 12 15M39 01Dects 12un20 Oaan2l  2-u2

Fig. 7. The growing stages of the ftrial
planting on KM98.

Figure 7 above is a pictorial
representation of the growing stages from
planting through to full hedge establishment,
with the graph below the pictures showing
the cumulative elevation trend of the slope
before planting of the vetiver grass and the
result two and half years after the planting
of vetiver grass.

Fertilizer was not applied to this site,
however top soil from nearby was applied
to the base of the plant to provide the much
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needed plant nutrient during the initial
growth stages.

The following figures are the growth
stages of the ftrial planting on Site 1, a
very challenging site as vetiver grass was
planted on compacted road base material.
Application of fertilizer was not done as a
control however, humus soil from nearby
was collected and placed under the stems
to provide plant nutrients and moisture to
encourage plant growth.

AN o k =y s oy L] '
Fig. 9. Vetiver growth in November 2018.

Vetiver growth on this site was slow at
the establishment stages as shown in this
picture as vetiver was planted on compacted
road base material with no topsoil for plant
nutrient, however with deep penetrative root
growth and uptake of plant nutrient plant

growth improved a lot with excellent hedge
establishment.
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The slope with fully established vetiver
hedgerows in 2020 (Figure 10) and regrowth
of native vegetation after slope being fully
stabilized (Figure 11).

7
e, g
1

Fig. 11. Vetiver growth in May 22. .
SUMMARY

Of the two trial sites, the trial planting
at Site 2 appeared to be more effective
in stabilizing the failed slope due to the
excellent growth of vetiver. Contributing
factors for the excellent growth of vetiver
was due to good sub-surface soil conditions
with adequate soil moisture as it was
planted at the beginning of the rainy season
complimented with readily available plant
food nutrient.

During the visit in 2018, the planting on
Site 1, plants appeared to be growing slowly
and withering during the long dry periods.
Contributing factors that affected the vetiver
from growing well were due to poor ground
conditions. There is a need to apply N
and P fertilizers in planting holes before
planting and after planting to encourage and
stimulate plant growth during establishment
phase.

The success of the trial plantings on
both these sites has resulted in rolling out of
vetiver planting program on all its vulnerable
geohazard sites along the road corridor of
the mine-mill access road and the highway.
The long term goal of the slope stabilization
trial using vetiver grass is also to allow
regrowth of native vegetation after the failed
slopes have been fully stabilized within four
to five years of planting vetiver grass.
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Abstract — Cervical cancer is the most common cause of women’s death after breast
cancer in Indonesia, meanwhile colon cancer is the second leading cause of death from
cancer among adults. One of the efforts for cancer treatment is to consume natural
compounds such as Royal jelly, which has been reported to have anticancer activity.
Recent studies also indicated Royal jelly action against breast cancer cell line MCF-7 1
mg/mL and colon cancer cell line CaCo-2 0.5 mg/mL. This research aimed to determine
cancer cell inhibition activity by Royal jelly toward cervical cell line HelLa, colon cell line
WiDr and normal cell line Chang. The total phenol test, cell culture, WiDr cell preparation,
Royal jelly treatments and MTT cytotoxic tests were carried out. Results showed that
Royal jelly has higher inhibition activity against HeLa cell line than WiDr cell line. Royal
jelly inhibited HeLa cell proliferation 36.425% and WiDr cell line 16.625% at 125 ug/mL.

Keywords — Royal jelly, antioxidant, widr and hela cell lines
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INTRODUCTION

Colon cancer is a cancer that grows
and develops in the colon or rectum which
causes weight loss, changes in cancer
structure and bowel function in digestion,
and fatigue which results in decreased
productivity (Karim and Huso, 2013). Colon
cancer risk factors are related to lifestyle,
age and genetic disorders (Yeatman,
2001). According to Haggar and Boushey
(2009), colon cancer sufferers in 2005 were
108,100 individuals and in 2008 increased
to 148,900 diagnoses. Approximately
49,900 patients die in the United States
from colon cancer. The metastatic nature
of colon cancer causes this disease to only
have a survival rate of less than 5 years at
stage 4 (<10%) (Yu et al., 2015).

Cervical cancer is a malignant
neoplasm of cervical cells. Cervical cancer
generally affects women and is caused by
infection with the Human Papillomavirus
(HPV) (Jadon and Joshi, 2012). Human
Papillomavirus is a DNA virus that infects the
basal epithelium such as skin and mucosa
causing cervical cancer (Cuts et al., 2007).
According to Sreedevi et al. (2015), the
incidence of cervical cancer mostly occurs
in developing countries (86%). Every year,
about 122,844 women are diagnosed with
cervical cancer and 67,477 (54.5%) die.
The incidence of colon cancer in Indonesia
is the third most common type of cancer in
Indonesia with 100 cases diagnosed from
100,000 Indonesians in 2006 (Ministry of
Health, 2006). The incidence of cervical
cancer in Indonesia is around 0.8% with
98.062 patients diagnosed, and the highest
prevalence occurs in the Riau Islands
Province, North Maluku and DI Yogyakarta
(Ministry of Health, 2015).

At least patients who receive medical
treatment for cancer in Indonesia is still
relatively expensive, so it is necessary
to develop affordable cancer therapies
for cancer patients, especially from the
lower middle class. Chemotherapy is the
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administration of chemical compounds
to reduce and inhibit the proliferation of
cancer cells, but this method has side
effects such as weakness, nausea, hair
loss, dry skin, and drastic weight loss and
can damage the formation of normal cells
around it. Anticancer herbal drugs that
have been approved by the FDA include
vinca alkaloids, taxane, podolpilotoxin and
camptothekin (Safarzadeh et al., 2014).

Royal jelly has been known to have
biological benefits such as antioxidant,
neurotopic,  hypocholesterolemic, anti-
aging, antibiotic, anti-inflammatory, anti-
immunodulator, and antitumor (Karadeniz,
2011). Royal jelly contains long chain fatty
acids, namely 10-hydroxy-2-decanoic acid
which acts as an antitumor (Townsend et
al.,1960). Antitumor effect plays a role in
the process of cancer cell proliferation.
According to Barnutiu et al., (2011), other
active components of Royal jelly are
low protein fraction (major Royal jelly
fraction), namely MRJP 1-MRJP 6, vitamins
(L-ascorbate, vitamin D, vitamin E, vitamin B
complex), royalisin, apisimin, and albumin.

There has been no research that uses
Royal jelly as a substance that inhibits
the proliferation of colon cancer cells and
cervical cancer cells. Therefore, this study
aimed to examine the cytotoxic potential of
Apis mellifera Royal jelly on cervical cancer
cells (HeLa) and colon cancer cells (WiDr)
and liver cells (Chang) as normal control
cells. This research is expected to provide
data on the antiproliferative activity of Royal
jelly against sustainable cancer cells for
the development of anticancer drugs in the
future.

MATERIALS AND METHODS
Materials
The ingredients used in this study were
Apis mellifera Royal jelly from a beekeeping

farm in  Wonogiri, Central Java and
commercial Royal jelly brand Spring Leaf
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Australia, sterile distilled water, NaCl 10%
w/v, sodium bicarbonate 7.5% w/v, FeCI3
reagent, Merck Folin Ciocalteu reagent,
dimethyl sulfoxide (DMSO) CTCC® 4-X™
Merck, methanol 99% Merck, diphenyl-
2-picrylhydrazyl (DPPH) 0.4 mM Sigma
Aldrich, L-ascorbic acid Sigma Aldrich,
cancer cells colon (WiDr, ATCC®-CCL™
218), HelLa cancer cells (HeLa, ATCC®-
CCL-2™) and normal liver cells (Chang,
ATCC®-CCL™ 13) were obtained from
the American Type Culture Collection,
doxorubicin Kalbe as positive control, Fetal
Bovine Serum (FBS) Gibco, Roswells Park
Memorial Institute (RPMI) medium 1640
Gibco, Dulbecco’s Modified Eagle (D-MEM)
Gibco medium, penicillin-streptomycin,
3-(4,5 dimethylthiazole-2-yl)- 2,5-diphenyl
tetrazolium bromide (MTT) Sigma Aldrich,
2-(N-morpholino)-ethanosulphonic acid
buffer Sigma Aldrich, 10% trypsin Gibco,
60% ethanol, Axygen T-300 Scientific white
tips pipette, Axygen TR-222-Y Scientific
yellow tips pipette, Stardec blue tips pipette,
Whatman parafilm, Kinpak plastic wrap, and
Ansell gloves.

Methods

In this study, the total phenol test was
carried out using the Folin Ciocalteumethod
(Vongsak et al. 2013) and the anticancer
activity of Royal jelly using the MTT method
in the study (CCRC 2000). Royal jelly
was tested in vitro against normal liver
cells (Chang, ATCC®-CCL™ 13), colon
cancer cells (WiDr, ATCC®-CCL™ 218),
and cervical cancer cells (HeLa, ATCC®-
CCL- 2™). The inhibitory activity and the
percentage of the number of cells before
and after treatment of cancer cells against
Royal jelly showed anticancer activity.

Preparation of Royal jelly Stock Solution
(Bramasta 2013 Modification)

Royal jelly was dissolved in various
types of solvents, namely distilled water,
RPMI medium and D-MEM according to the
test to be carried out. Ten (10) mg of Royal
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jelly was dissolved in 5 mL of solvent, then
a sonicator was carried out for 10 minutes
until the sample was completely dissolved
and then 5 mL of solvent was added to a
total volume of 10 mL with a stock solution
concentration of 1000 g/mL. The 1000 g/
mL Royal jelly solution was then diluted 10
mL to a final concentration of 50 g/mL which
would be used for various tests such as total
phenolic, and MTT.

Total

Determination of Phenolics

(Vongsak et al., 2013)

Determination of total phenolic Royal
jelly was carried out by modifying the
method of Vongsak et al. (2012). A total of
200 L of Royal jelly solution from a stock
solution of 100 g/mL Royal jelly, added 500
g/mL Folin Ciocalteu reagent 10% v/v, and
added 300 g/mL sodium bicarbonate 7.5%
w/v to a final concentration of 0 g/mL , 4 g/
mL, 8 g/mL, 12 g/mL, 16 g/mL, and 20 g/
mL in test tubes. The test tube was read
at room temperature (22 °C + 1 °C) for 30
minutes. The absorbance of the sample
was calculated at a wavelength of 760 nm
with distilled water blank. Total phenol is
expressed in milligrams equivalent of gallic
acid. The standard curve used was gallic
acid 0 g/mL, 4 g/mL, 8 g/mL, 12 g/mL, 16 g/
mL, and 20 g/mL.

Cell Culture (Haryanti and Katno, 2011)

The sustainable cells of Widr, HeLa and
Chang are a collection of the Microbiology
and Immunology Laboratory of the
Center for Primate Studies, LPPM, Bogor
Agricultural University. Cell cultures were
grown in RPMI 1640 Gibco growth medium
containing 10% v/v FBS and 1% v/v Gibco
penicillin-streptomycin.  Meanwhile, for
Chang and Hela cells, Gibco’s D-MEM
growth medium was used.

WiDr Cell Preparation (Filipic et al., 2015
Modification)

Widr cells were taken from the nitrogen
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tank and thawed in a water bath at 37 °C.
The ampoules were sprayed using 70%
ethanol and put in a laminar air flow. The
ampoule was opened and the Widr cells
were transferred to a sterile conical tube
containing RPMI 1640 medium. The cell
suspension was centrifuged at 1000 g for
3 minutes. New RPMI 1640 medium was
added to the cell suspension and centrifuged
for 5 minutes. WiDr cell suspension was
added with 1 mL of medium containing
10% FBS and resuspended slowly until
homogeneous. WiDr cells were added to
a small tissue culture flask and incubated
in a 37 °C CO2 incubator. WiDr culture
medium was replaced after 24 hours and
grown until the cell population reached 80%
(80% cofluent). WiDr cells that had reached
80% population were washed with 3.5 mL of
PBS 2 times and 300 pL of Trypsin-EDTA
and then incubated for 3 minutes in a CO2
incubator. Five (5) mL of the culture medium
was added and the cells were resuspended
to separate from the flask wall. WiDr cells
were counted using a hemacytometer. A
similar way of working was also carried out
for Chang cells and Hela cells by changing
the RPMI 1640 Gibco medium to D-MEM
Gibco medium.

Royal jelly Treatment (Filipic et al. 2015
Modification)

Cell cultures from cell preparations were
incubated for 24 hours then the old medium
was discarded, then continued with Royal
jelly treatment. The solutions tested were
medium and Royal jelly solution. The stock
of Royal jelly is 10 mg in 50 pL of DMSO and
then 950 yL of RPMI is added. The solution
was diluted by adding RPMI to obtain final
concentrations (125 ug/mL, 250 pg/mL, and
375 pg/mL) on microplates. The microplate
well contains cells from cell culture, 100
ML of Royal jelly solution was added as a
treatment and 100 L of medium was added
as a negative control. The treatment mixture
in the microplate was incubated for 48 hours
in a 5% CO2 incubator at 37 °C. For positive
control, doxorubicin was used. A similar way
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of working was also carried out for Chang
cells and Hela cells by changing the RPMI
1640 Gibco medium to D-MEM Gibco
medium.

MTT Cytotoxic Test (CCRC 2000)

The results of the 48-hour cell incubation
from the previous method were added to the
5 mg/mL tetrazolium salt solution as much
as 10 pL per well. The mixed color is yellow.
Incubate the microplate for 4 hours in a 5%
CO2 incubator at 37 °C. After incubation and
formazan crystals formed, the Royal jelly
solution was discarded. Formazan crystals
were dissolved in 100 pL of 96% ethanol
in each well. The color of the solution
became purple. The absorbance value
was measured on a microplate reader at a
wavelength of 595 nm. All treatments were
carried out in triples. The data obtained
from the proliferation test with MTT is the
absorbance value of each well which is
converted to % inhibition.

RESULTS AND DISCUSSION

Royal jelly samples used came from
2 different places, namely Royal jelly from
Wonogiri, Central Java and Melbourne,
Australia. Determination of the total phenol
content of Royal jelly using gallic acid
standard (Figure 1). The concentration of
gallic acid on the average absorbance data
at a wavelength of 760 nm produces a linear
standard line equation of y = 0.032x + 0.016
with a regression value (R2) of 0.960. Total
phenol Royal jelly is expressed in milligrams
gallic acid equivalent per milligram Royal
jelly (mg GAE/mg). The total phenol of
Wonogiri Royal jelly is greater than that of
Australian Spring Leaf commercial Royal
jelly. The total phenol content of Royal jelly
found in the Wonogiri Royal jelly sample
was 116.06 mg GAE/mg £ 0.03 (as much as
1 mg of Royal jelly was equivalent to 116.06
mg of gallic acid, while Australian Royal
jelly had a total phenol of 54.81 GAE/mg +
0.58 mg (as much as 1 mg of Royal jelly is
equivalent to 54.81 mg of gallic acid).
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Anticancer testing began with the
cytotoxicity test of Royal jelly on normal
cells using the MTT method. This test aims
to determine the selectivity of Royal jelly
against normal cells. According to Wang
et al. (2010), formazan color intensity
correlated with the number of living cells.
The normal cells used are Chang cells.
According to Otang et al. (2014), Chang
cells were derived from normal liver tissue
obtained from a boy of Chinese descent,
and isolated in 1954. Chang cells were used
to model cellular cytotoxicity activity.

2
3

116.06 + 0.03

N
S

2
3

@
3

3
3

54.81 £0.58

TOTAL PHENOL (MG GAE/MG)
a
3

N
S

0

Wonogiri Australia

Fig. 1. Phenol content of Royal jelly from
Wonogiri and Australia.

The effect of Royal jelly on normal
Chang cells was expressed in % proliferation
(Figure 2). The percentage of proliferation
indicated an increase in the number of
cells after adding Royal jelly for 48 hours
of incubation. The results of the percentage
of cell proliferation of Chang against Royal
jelly showed an increase in the percentage
of proliferation with an increase in the
concentration of the solution. The addition
of Royal jelly resulted in an increase in the
number of cells. The highest % proliferation
was found at a concentration of 375 ug/
mL at 42.30% + 13.01 while the lowest %
proliferation was at a concentration of 125 ug/
mL at 12.12% + 8.75 and for a concentration
of 250 ug/mL at 21.90% + 6.80.

The effect of Royal jelly on Chang cells
was expressed by % proliferation (Figure
2). Increasing the concentration of Royal
jelly did not inhibit Chang's normal cell
growth. Increasing the concentration will
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further increase the number of normal cell
populations in the microplate. Therefore,
Royal jelly is non-toxic to normal cells and
induces new cell growth.

The results of the induction of Chang's
cell proliferation by Royal jelly in this study are
in accordance with the research conducted
by Kamakura et al. (2001) which states
that the active protein substance of Royal
jelly can trigger the proliferation of mouse
hepatocytes and increase the formation of
blood albumin. Hattori et al. (2007) reported
the activity of neurogenesis or the formation
of nerve cells by Royal jelly against nerve
stem progenitor cells in fibroblast growth
factor (FGF-2) medium. Royal jelly can also
trigger the differentiation and proliferation of
brain nerve cell progenitors into neurons,
astrocytes, and oligodendrocytes. Royal
jelly can also trigger the growth of MC3T3-E1
cells and bone osteoblasts of mice induced
by Royal jelly for 9 weeks (Narita et al.,
2014).

42.30 +13.01

21.90 + 6.80

1212 +8.75

% Proliferation

Concentration of royal jelly (ug/mL)

Fig. 2. Proliferation of Chang cells against
Royal jelly at various concentrations

(Mg/mL).

The effect of Royal jelly on WiDr colon
cancer cells was expressed in % inhibition
(Figure 3). The percentage of inhibition
indicated a decrease in the number of cells
after the addition of Royal jelly with a certain
concentration. The results of % inhibition of
WiDr cells decreased with the increase in
the concentration of Royal jelly solution. The
highest percentage decrease in the number
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of WiDr cells was found at a concentration
of 125 pg/mL at 16.65% * 4.80 while the
lowest % inhibition was at a concentration
of 375 pg/mL at 11.51% % 5.31. The effect
of Royal jelly on HelLa cervical cancer cells
was also expressed in % inhibition (Figure
3). The percentage decrease in the number
of Hela cells after being treated with Royal
jelly at various concentrations decreased
along with the increase in concentration,
such as WiDr cells. The result of the
highest % inhibition of HelLa cells was at
a concentration of 125 pyg/mL at 36.42% %
7.90, while the lowest was at a concentration
of 375 pg/mL at 31.03% £ 2.70.

36.42£7.90

32.03 £2.50 31.03 £2.70

16.65 + 4.80

% Inhibition

11.51 £5.31 @Sel WiDr

SSel HeLa

Sample concentration (pg/mL)

Fig. 3. Percentage of Royal jelly inhibition
against WiDr cells & ) and HelLa
cells § ) at 3 different
concentrations.

A positive control of doxorubicin was
used on WiDr cells and HeLa cells. Controls
were used to compare the anticancer
activity of Royal jelly against WiDr cells
and Hela cells. The results of % inhibition
of doxorubicin positive control (Figure 4)
showed that HelLa cells were more sensitive
to doxorubicin than WiDr cells. Doxorubicin
killed more HelLa cells than WiDr cells at the
same concentration.

The effect of doxorubicin on WiDr cells
showed an increase in % inhibitory activity
(Figure 4). The concentrations used were 1
pg/mL, 3 pg/mL, and 6 ug/mL. The highest
% inhibition result was at a concentration of
6 g/mL of 91.92% £ 0.76 while the lowest
was at a concentration of 1 yg/mL of 73.65%
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+ 4.00. Positive control concentration of
1 g/mL was able to kill >50% WiDr cells.
The positive control effect of doxorubicin
on Hela cells also showed an increase in
% inhibition with increasing concentration
(Figure 4). The highest % inhibition result
was 93.60% + 1.38 at a concentration of 6
pg/mL, while the lowest was 81.68% + 2.40
at a concentration of 1 yg/mL. The use of
low concentrations of doxorubicin has been
able to reduce the Hela cell population
>50%. Based on the % inhibition data in
Figure 4, doxorubicin kills HeLa cancer cells
more than WiDr cells. This is because at a
concentration of 1 g/mL, doxorubicin was
able to kill HeLa cells >80% compared to
70% WiDr cells.

The positive control used in this study
was doxorubicin. The drug is a commercial
drug for chemotherapy. Chemotherapy is a
systematic therapy by giving synthetic drugs
to inhibit the growth of cancer cells (Jong,
2002). Doxorubicin is an anthracycline
antibiotic that has antineoplastic activity,
isolated from Streptomyces peucetius var.
caesius (NCI, 2009). The mechanism of
doxorubicin in killing cancer cells is binding
to DNA and interfering with topoisomerase
Il activity involved in DNA repair reactions,
formation of free radicals that disrupt cellular
membranes, DNA and proteins (Thorn
et al. 2011), and the formation of excess

93.60 +1.38

89.59£4.05 9102+1.04 91.92%0.76

81.68 £ 2.40 EEE

73.65 £ 4.00 gt

-

% Inhibisi

@ Sel WiDr

@Sel HelLa

Concentration (ug/mL)
Fig. 4. Percentage of doxorubicin inhibition
against WiDr cells (&) and HelLa
cells (88) at 3 different concentrations
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ceramides. Exogenous ceramides can
induce cancer cell death through apoptosis
(Yang et al. 2014).

Chang’s cell morphology (Figure 5),
WiDr cells (Figure 6), and HelLa cells (Figure
7) showed different shapes and numbers.
The number of Chang cells after Royal
jelly treatment appeared to increase, and
live cells were adherent. The morphology
of HelLa cells and WiDr cells that have
shown an inhibitory effect is characterized
by abnormal cell shape compared to normal
cells. Abnormal cell shape such as irregular
and separated from living cell colonies.

The morphology of Chang cells, WiDr
cells, and HelLa cells were observed under
a microscope with a magnification of 1430
x 640. Observations were made twice,
namely before and after incubation of cells
using Royal jelly. Chang and Hela cells
are elongated with tapering ends, while
WiDr cells tend to be rounded. The results

Fig. 5. Morphology of Chang cells at
various concentrations of Royal jelly.

Fig. 6. Morphology of WiDr cells at 3
variations of Royal jelly concentrations.

Fig. 7. Morphology of Hela cells at 3
variations of Royal jelly concentrations.

of observations of Chang’s cells under a
microscope showed an increase in the
number of cells before and after Royal jelly
treatment (Figure 5). The number of cells at
a concentration of 0 g/mL was 46.5 x 104
cells/100 L, while the number of cells at a
concentration of 125 g/mL, 250 g/mL and 375
g/mL respectively were 53.9 x 104 cells/100
L, 56.7 x 104 cells/100 L, and 66.16 x 104
cells/100 L.

Observations of WiDr cells under
a microscope showed changes in cell
morphology (Figure 6). Changes between
concentrations of 0 g/mL as control cells
and treatment (125 pg/mL, 250 pg/mL and
375 pg/mL) were abnormal cell shape after
Royal jelly treatment, such as irregular cell
shape, and dead cells separated from cell
colonies. life. The number of WiDr cells
at a concentration of 0 g/mL was 71 x 104
cells/100 L, while the number of WiDr cells
at a treatment concentration of 125 g/mL,
250 g/mL and 375 g/mL was 59.18 x 104
cells/100 L, 61.20 x 104 cells/100 L, and
63.12 x 104 cells/100 L. Observation of WiDr
cells on doxorubicin (Figure 8) showed that
the number of dead cells was higher than
that of Royal jelly samples. Microscopic
observations of WiDr cells before and after
Royal jelly treatment showed changes in cell
morphology, such as in WiDr cells in the form
of abnormal cell shapes (Figure 8).

Fig. 8. WiDr cells against Doxorubicin.

Abnormal cell shape is indicated by
black arrows. The number of HelLa cells
at a concentration of 0 g/mL was 48 x 104
cells/100 L, while the number of Hela
cells at various concentrations used in this
study were 30.52 104 cells/100 L, 32.62
104 cells/100 L, and 33.05 104 cells/ 100
L. Observation of HelLa cells against
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Fig. 9. HLa cells ainst Doxrubicin.
doxorubicin  (Figure 9) showed higher
inhibitory activity than Royal jelly, irregular
cell morphology and lower live cell colonies
than dead cells.

The anticancer activity of Royal jelly was
tested on colon cancer cells and cervical
cancer cells. Colon and cervical cancer cells
used were WiDr (ATCC®-CCL™ 218) and
HelLa (ATCC®-CCL-2™) cells. WiDr cells
were derived from primary rectosigmoid
colon adenocarcinoma from a 78-year-old
woman in 1971 (Kusuma et al., 2010). WiDr
cells are colon cancer cells originating from
epithelial tissue with adherent properties that
are resistant to chemotherapeutic agents
and COX-2 overexpression (Haryanti and
Katno, 2011). HeLa cells are human cervical
cancer epithelial cells isolated in 1915 from a
31-year-old woman named Henrietta Lacks
(Masters, 2002). The anticancer activity of
Royal jelly is expressed in % inhibition of
WiDr and HelLa which is the percentage of
inhibition of cells by Royal jelly.

Data on % inhibition of WiDr cells
and Hela cells showed a decrease in the
percentage of inhibition with increasing
concentrations of Royal jelly. The decrease
in the percentage of inhibition could be due
to the content of bioactive compounds such
as phenolic compounds and fatty acids
found in different Royal jelly at high and low
concentrations, and the level of solubility
of Royal jelly bioactive compounds with
distilled water and cell medium used during
the study. HelLa cells are more sensitive to
Royal jelly. This was indicated by the higher
% inhibition of HeLa cells than WiDr cells at
the same concentration (125 ug/mL).

The result of % inhibition of Royal jelly
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against Hela cells was 36.425% while WiDr
cells were 13.830%, but this value was still
lower than doxorubicin of 81.680% for HeLa
cells and 73.643% for WiDr cells. HelLa
cells were more sensitive to doxorubicin
and Royal jelly. The low antiproliferative
activity of Royal jelly is in accordance
with the study of Filipic et al. (2015). The
antiproliferative activity of Royal jelly against
CaCo-2 colon cancer cells tends to be low
at a concentration of 0.5 mg/mL (Filipic et
al.,, 2015). Royal jelly can also inhibit the
growth of MCF-7 breast cancer cells at a
concentration of 1 mg/mL (Nakaya et al.,
2007).

The mechanism of the proliferation of
Chang cells and inhibition of the growth
of HelLa cells and Chang cells were not
investigated in this study, so the exact
mechanism is not yet known. Factors
that affect the growth of normal liver cells
(hepatocytes) are epidermal growth factor
(FPE), insulin, glucagon, hepatocyte
growth factor (FPH), pyruvate, lactate, and
nicotinamide. According to Kamakura et al.
(2001), the fraction of Royal jelly protein
(major Royal jelly protein) 57 kDa is an active
component of Royal jelly that can increase
DNA synthesis and hepatocyte proliferation.
The 57 kDa Royal jelly protein fraction has
a cytokine factor effect on hepatocytes, and
triggers the production of autocrine growth
factors such as TGF-GF and fibroblast
growth factor to activate intracellular signal
transduction and trigger DNA synthesis and
albumin production. Meanwhile, the 350
kDA Royal jelly protein fraction functions to
maintain the number of hepatocytes so that
normal cell growth can be controlled (Fujii
et al.,1996).

Another bioactive component of Royal
jelly that can inhibit the growth of cancer
cells is 10-hydroxy-2-decanoate (10-HAD)
which is only found in Royal jelly. According
to Lietal. (2013), the mechanism of 10-HAD
activity against cancer cells is inhibiting
angiogenesis, as a modulator of estrogen
receptors and inhibiting cell proliferation at



AGRIKULTURA CRI Journal 2 (1)

ISSN: 2782-8816 December 2021

the S and G2 stages, as well as inducing
macrophage activity and increasing the
production of antitumor cytokines (tumor
necrosis factor) for apoptosis. The activity
of 10-HAD is also involved in modulating
oxidative stress by decreasing lipid
peroxidation and induction of apoptosis
(Filipic et al., 2015).

CONCLUSIONS

The highest total phenol Royal jelly
was obtained by the Wonogiri Royal jelly
sample of 116.06 mg GAE/mg + 0.03 Royal
jelly was non-toxic to normal Chang cells
by increasing normal cell proliferation by
42.30% + 13.01 at a concentration of 375
pg/mL. The anticancer potential of Royal
jelly in HelLa cells and WiDr cells at a
concentration of 125 pg/mL with inhibitory
percentages of 36.42% + 7.90 and 16.65%
1+ 4.80 in Hela cells.
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Abstract — Green revolution had led to the increased consumption of chemical fertilizers
which resulted in the higher productivity and caused environmental hazards. Nutrient use
efficiency of conventional fertilizers is very low. To overcome all these drawbacks in a
better way, nanotechnology can be a ray of hope. Nano fertilizer is an important tool in
agriculture to improve crop growth, yield and quality parameters with increased nutrient
use efficiency. Careful and judicious use of nanotechnology can ensure help in maximizing
plant productivity especially in new reclaimed salt affected sandy soil which usually
suffer from abiotic stress (drought and salinity). Nanoparticles have potential to improve
growth and yield of plant under this circumstances. This paper studied the effect of ZnO
nanoparticles on Kochia indica grown under saline conditions. To realize the previous
tasks, a field trial was conducted at the Model Farm of the National Research Centre,
El Tour, South Sinai to test the impact of foliar application with ZnO (20, 40 and 60 ppm)
in addition to control treatment on some growth characters, photosynthetic pigments
content, crude protein content, crude fiber, ash and some physiological aspects as well as
nutrients content of K. /ndica. The results show that foliar application of ZnO nanoparticle
improved growth, pigment content, crude protein, and crude fiber. The best results were
obtained under foliar application with 40 ppm ZnO nanoparticle treatment. Thus, this
concludes that zinc nanoparticles can improve productivity of A. /ndicain salt affected soils.

Keywords — Kochia indica, Zn nanoparticles, growth, physiological aspects, saline
habitats
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INTRODUCTION

Soil salinity is one of the worst
environmental problem around the world
which affects arid and semi-arid regions.
In general, it could be increased in
irrigated lands because of poor drainage,
bad irrigation system, low rainfall and
high transpiration rate. It was stated that
approximately 20% of irrigated land is
affected by salts, which nearly about 1000
million hectare of land (Munns and Tester,
2008). Salinity tolerance is defined as
the capability of plants to grow under salt
stress evironment (Munns et al., 2002).
Another essential factor of salt tolerance
mechanisms is the ability of plant cells to
regulate osmotically and to accumulate
organic solutes (i.e. proteins, sugar, amino
acids, etc.).

Kochia as a halophytic plant receiving
attention by many researchers as it could be
a very good opportunity as fodder or forage
crop, it's a good plant for soil bioremediation
in dry regions. many scientists reported that
kochia is a promising forage crop for salt-
affected environment (Youssef et al., 2009).

Recent agricultural managements
associated with the green revolution have
greatly increased the global food supply.
They have also had an inadvertent,
detrimental impact on the environment and
on ecosystem services, highlighting the need
for more sustainable agricultural methods
(Tillman et al., 2002). It is well documented
that excessive and inappropriate use of
fertilizers has improved nutrients and
toxins in both ground and surface waters,
incurring health and water purification
costs, and decreasing fishery. Agricultural
practices that degrade soil quality contribute
to eutrophication of aquatic habitats and
may necessitate the expense of increased
fertilization, irrigation, and energy to maintain
productivity on degraded soils, they also kill
beneficial insects and other wildlife (Presley
et al.,, 2004) and Mukhopadhyay (2005).
Intensive tillage, irrigation, and fertilizer
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dressing have also caused more extensive
damage to the carbon profile in soils than
early agrarian practices did (Knorr et al.,
2005).

Recently, there has been a rapid growth
of interest in the field of nanoscience and
nanotechnology because of the realization
that nano-sized materials are more effective
in a multitude of agricultural technology
(Nair et al., 2010).

Nanotechnology deals with the
production and utilization of substances with
nanoscale dimension. Nanoscale dimension
provides nanoparticles a large surface
area to volume ratio and thus very specific
properties (Agarwal et al., 2017). Attempts
to apply nanotechnology in agriculture
began with the growing realization that
conventional farming technologies would
neither be able to increase productivity any
further nor recover damaged ecosystems.
Nanotechnology is an emerging technology,
which can lead to a new revolution in every
branch of science (Abbasifar et al., 2020).
Research in this field has gained momentum
especially in the recent years by providing
innovative solutions in different scientific
fields (Rico et al., 2011). Nanotechnology
deals with nanoparticles that are atomic
or molecular aggregates characterized by
size less than 100 nm. These are actually
modified form of basic elements derived by
altering their atomic as well as molecular
properties of elements (Kato, 2011). Zinc
oxide is an inorganic compound with the
molecular formula ZnO. It appears as a
white powder and is nearly insoluble in
water (Kokina et al., 2020). In this regard,
Raliya and Tarafdar (2013) stated that,
ZnO NPs in lower concentration increased
seed germination in wheat. They recorded
improved plant biomass, root and shoot
length, chlorophyll and protein synthesis
and other growth parameters Cyamopsis
tetragonoloba when exposed to ZnO NPs.
Moreover, Burman et al., (2013) reported
that foliar application of ZnO NP at 1.5
mg/L concentration increased biomass in
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chickpea as compared to normal ZnSO4.

The objective of this experiment was to
test the effect of some nano-concentration of
ZnO treatments on growth, photosynthetic
pigments content, crude content as well as
some physiological aspects of K. indica.

MATERIALS AND METHODS

Afield experiment was carried out at the
Model Farm of National Research Centre,
El Tour, South Sinai to study the impact
of foliar application of ZnO nanoparticles
(control, 20, 40 and 60 ppm) on some
growth characters, photosynthetic pigments
content, crude protein content and some
physiological aspects as well as nutrients
content of K. indica. Zinc oxide (ZnO) NPs
about 18 nm sizes were synthesized by
mixing 10 ml of sodium hydroxide (NaOH)
solution (4mM) to 0.1 ml of 0.5 M solution
of 1- thioglycerol and to 10 ml of 10-3 M
solution of zinc acetate (Dhobale et al.,
2008). The synthesized ZnO NPs were
dried in oven, suspended in water and then
used for treatment.

K. indica seedlings were transplanted
at the 15th May 2020 and grown under drip
irrigation system with salt affected water
(EC: 8.7 dSm-1), water analysis of Abo
Kalam Well are presented in Table 1. Each
experiment included four (4) treatments.
RCBD was used in this experiment with
1.5 x 1 m distance between plants having
a total of 2800 plants/field. Mechanical
and chemical analyses of the soil were
carried out by using the standard method
described by Klute (1986) shown in Table 2.
Each plant was fertilized with 50 g calcium
superphosphate (15.5% P205) and 30 g
potassium sulphate (48.0 % K20) and 60
g urea (46.5% N) mixed with 500 g green
manures (compost). Foliar application with
ZnO nanoparticles was applied 30 days
from transplantation and 30 days later.
Three replicates from vegetative samples
for each treatment were taken at 2nd Sep
2015 to determine some growth characters
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such as plant height, number of branches,
number of leaves, dry weight of leaves,
dry weight of whole plant and leaf area
as well photosynthetic pigments content
as Von Wettstein (1957).Then samples
were washed, dried thoroughly, then dried
at 70° C to constant weight in an aerated
oven to determine, proline (ug/g) according
to Bates et al. (1979), osmotic potential
were obtained from the corresponding
values of cell sap concentration tables
given by Gusev (1960) as well as values
of succulence (ratio of fresh weight/dry
weight) according to Tiku (1979). Soluble
carbohydrates content determined by the
method described by Dubois et al., (1956).
The contents of sodium and potassium were
determined in the digested material using
Jenway flame photometer as described
by Eppendrof and Hing (1970). K/Na ratio
was also calculated for each treatment.
crude fiber and ash were determined by
standard analytical methods after A.O.A.C.
(2010). Nitrogen was determined with
micro Kjeldhal's apparatus according to
the method described by A.O.A.C. (2010).
Crude protein was calculated by multiplying
nitrogen contents by 5.75.The obtained
data were subjected to statistical analysis
of variance described by Snedecor and
Cochran (1982).

Table 1. Water analysis of Abo Kalam well,
El Tour, South Sinai.

pH 7.49

EC ds* 8.71

K* 0.52

Soluble cations Na* 69.23

Meaq/L Mg* 11.92

Ca** 21.64

SO4-- 26.61

Soluble anions Cl- 74.20

Mea/L HCO3- 2.44
CO--
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Table 2. Mechanical and chemical analyses

of the sail.
Depth 00-30cm 30-60cm
Soil texture Sandy soil Sandy soil
pH 8.1 8.43
EC dS 15.1 4.52
K* 04 0.24
Soluble Na* 112.0 27.02
cations
Meq/l_ Mg*’+ 28.8 5.53
Ca™ 60.5 12.51
SO4-- 61.0 10.64
Soluble Cl- 139.0 31.04
anions
Meg/L HCO3- 27 3.63
CO-- - -

RESULTS AND DISCUSSION

Effect of Foliar Application with
Nanoparticles ZnO on some Growth
Characters of K. /ndica

Data in Table 3 show that all foliar
treatments significantly affected the studied
growth characters. The highest values for
plant height, number of branches, leaf area,
dry weight of shoot, dry weight of root as
well as shoot / root ratio were recorded in
plants sprayed with 40 ppm ZnO. Similar
results were obtained by (Franklin et al.,
2007). Nanofertilizers have important role
in physiological and biochemical processes
of crops by increasing the availability of
nutrients, which help in enhancing metabolic
processes and promoting meristematic

activities causing higher apical growth and
photosynthetic area. It was documented
by some research studies, where foliar
spraying of nanoformulations of NPK and
micronutrients mixture increased the plant
heightand number of branches in black gram
as indicated by Marimuthu and Surendran
(2015). and also Abdel-Aziz et al., (2018)
found that nano NPK increased the growth
of leaves in wheat, which was obtained by
enhanced availability of nutrients by easy
penetration of nano formulation of NPK
through stomata of leaves via gas uptake.
In this concern, Prasad et al. (2012) stated
that zinc oxide have potential to boost
the yield and growth of crops. Likewise,
Naderi and Abedi (2012) stated that the
increase in vegetative growth in plant could
be due to basic role of Zn in protecting
and maintaining structural stability of
cell membranes. Cakmak (2000) added
that Zn can be used in protein synthesis,
membrane function, cell elongation as well
as tolerance to environmental stresses.
Prasad et al. (2012) suggested that ZnO
nanoparticles are absorbed by plants to
a larger extent as compared to ZnSO4.
They also observed beneficial effects of
nanoparticles in promoting plant growth,
development and yield in peanut at lower
doses, but at higher concentrations ZnO
nanoparticles were detrimental just as the
bulk nutrients. Mahajan et al. (2011) stated
that, ZnONPs promoted the root and shoot
length, and root and shoot biomass.

Table 3. Effect of foliar application withnanoparticles ZnO on some growth characters of

K. indica.
Treatments Plar;::::;ight ltlfanr:::l?;: ; Le(ifne:zr)ea St\:vi?; :try Rv(\:: :g(:\:y Sho;tti/oroot
plant (9) (9)

Control 95.68 31.57 95.36 157.60 44 .98 3.50
ZnO 20 ppm 101.54 35.25 100.87 179.57 47.65 3.77
ZnO 40 ppm 115.36 42.30 121.30 201.35 50.58 3.98
ZnO 60 ppm 108.39 39.65 112.60 185.94 48.65 3.82

LSD 5% 6.36 2.03 8.98 244 0.15
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Effect of Foliar Application with
Nanoparticles ZnO on Photosynthetic
Pigments of A. indica

Data in Figure 1 revealed that foliar
application  with  nanoparticles  ZnO,
positively affected photosynthetic pigments
content, with superiority to 40 ppm
concentration over all the other treatments.
Results are in a harmony with those of
Prasad et al. (2012) who reported a higher
content of chlorophyll (1.97 mg g-1 rt.wt) in
peanut leaves by foliar application of ZnO
NPs at 1000 mg L-1 (25 nm) compared
to ZnSO4. Similar results were obtained
by Franklin et al. (2007). Such increase
in photosynthetic pigments content in the
leaves of plants may be attributed to the

= Chlorophyll a = Chlorophyll b

E-Y

w

N

-

0

Control ZnO 20 ppm

5.36
4.80 471 4.79
3.75
3.33
1.61
1.47
I ) I ‘|I“2

= Carotenoids

enhancing effect of ZnO nanoparticles
on chlorophyll accumulation through the
useful importance of Zn on plant growth.
In this regard, Raliya and Tarafdar (2013)
reported that ZnONPs induced a significant
improvement in chlorophyll synthesis. In
this regard, Siddiqui et al. (2014) stated
that SIO2NPs can improve photosynthetic
rate by improving activity of carbonic
anhydrase and synthesis of photosynthetic
pigments. Moreover, the exogenous
application of TiO2NPs improves net
photosynthetic rate, conductance to water,
and transpiration rate in plants (Qi et al.,
2013). According to Govorov and Carmeli
(2007), metal nanoparticles can induce the
efficiency of chemical energy production in
photosynthetic systems.

mChla+Chl.B = Chl.a + Chl. B / Carotenoids

5.77
5.53
4.65
4.47
3.98
3.84

1.79 1.69
I 129 I 1.19
ZnO 40 ppm ZnO 60 ppm

Fig. 1. Effect of foliar application with nanoparticles ZnO on photosynthetic pigments
content of K. indica (LSD 5% = 0.19).
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with
some

Effect of Foliar Application
Nanoparticles Zn0O on
Physiological Aspects of A. indica

Table 4 shows the effect of different
treatments on some physiological aspects
of Kochia indica. 1t is clear that all foliar
treatments significantly affected all the
studied characters as compared with
control treatment. It is also clear from the
table that foliar application with 40 ppm
ZnO nanoparticles recorded the highest
values for Osmotic potential, Proline
content and soluble carbohydrates % as
well as succulence values, crude protein
content and crude fiber in the plant leaves.
On the other hand, the highest values for
ash % were recorded under 60 ppm ZnO
treatment. Similar results were obtained by
Afshar et al. (2014) and El-Metwally et al.
(2018). There was a remarkable increase
in the physiological and biochemical
parameters of crops with the application of
nanofertilizers. In this regard, Helaly et al.
(2014) stated that, ZnO NPs induced proline
synthesis, and improved tolerance to abiotic
stress. In another study, Nano-chelate zinc
fertilizer application proved to enhance
the activity of peroxidase, catalase, and
polyphenol oxidase enzymes in cotton
and soybean crops which increases the
shoot and root growth (Rezaei and Abbasi,
2014). Moreover, Prasad et al. (2012)
found that the application of fertilizer in

nanoform is completely controlled and has
led to an increase protein content in peanut.
Furthurmore, Foliar application of nano-
forms of iron and zinc fertilizers increased,
and crude protein and soluble carbohydrate
concentration in forage corn over chemical
forms of fertilizers, (Sharifi et al., 2016). They
added that, zinc fertilizers increased soluble
carbohydrate concentration, probably due
to involvement of zinc in photosynthesis,
chlorophyll synthesis, starch formation and
enzyme carbonic anhydrase, accelerating
carbohydrate.

Effect of Foliar Application with
Nanoparticles ZnO on Nutrients Content
of K. indica

Data in Table 5 show that, foliar
application with  ZnO  nanoparticles,
significantly affected content of N, P, K, Na,
and Zn as well as K/Na value as compared
with control treatment. However, plants
sprayed with 40 ppm ZnO recorded the
highest values of N, P and K as well as
K/Na while plants sprayed with tap water
(control) recorded higher contents of Na.
On the other hand, plants sprayed with 60
ppm ZnO recorded the highest values of Zn.
Such results were confirmed by the findings
of Bahrnanyar and Ranjbar (2008). Zinc
plays a positive role in root development,
it helps plants absorb important nutrients,
especially nitrogen responsible for protein

Table 4. Effect of foliar application with nanoparticles ZnO on some physiological aspects of

K. indica.
. Proline
Osmotic . ent Soluble Crude (¢ defiber  Ash
Treatments potential /a d carbohydrates Succulence protein o o
values Ha’g dry % % o ¢
wt.

Control 7.06 344.58 45.98 3.19 7.68 21.35 27.68
ZnO 20 ppm 7.25 365.87 47.02 3.57 8.02 20.37 28.65
ZnO 40 ppm 8.02 402.36 48.23 3.75 8.87 22.02 28.87
ZnO 60 ppm 7.68 388.25 47.85 3.67 8.47 21.36 29.03

LSD 5% 0.41 18.25 2.81 0.15 0.44 NS NS
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Table 5. Effect of foliar application with nanoparticles ZnO on nutrients content of

K. indica.
Treatments N % P % K % Na % K/Na Zn ppm
Control 1.34 0.51 0.98 1.02 0.96 15.36
ZnO 20 ppm 1.39 0.55 1.03 0.96 1.07 16.58
ZnO 40 ppm 1.54 0.68 1.25 0.91 1.42 17.25
ZnO 60 ppm 1.47 0.60 1.12 0.88 1.23 17.99
LSD 5% 0.08 0.04 0.07 0.06 0.07 0.72
synthesis (El-Metwally et al.,, 2018). REFERENCES

such increase could be attributed to the
synergistic effect between N and Zn which
might be due to increase enzymatic activity
by Zn application (Keram et al., 2012).

Foliar application of nano-forms of iron
and zinc fertilizers increased, phosphorus
concentration in forage corn over chemical
forms of fertilizers, (Sharifi et al., 2016).

CONCLUSION

Nano-fertilizers may be more effective
than regular fertilizers in improving plant
nutrition, enhancing nutrition use efficiency,
and protecting plants from environmental
stress. The results suggest safe use of
ZnNPs in the agricultural fields with further
suitable modifications. Results showed that
K. indica is highly salt tolerant halophyte,
foliar application with 40 ZnO nanoparticles
enhanced all studied growth characters as
well as photosynthetic pigments content and
crude protein as well as the physiological
aspects of the plant. We can conclude that
zinc nanoparticles can improve plant growth
in salt affected environment.

ACKNOWLEDGMENT

The authors express theirappreciationto
the National Research Centre who financed
the project of “Sustainable production of
forage crops in Egypt under water scarcity:
Assessment, Mechanism and Management
Strategies” (Project number 12050125).

42

Abbasifar, A., Shahrabadi, F., ValizadehKaji,
B. 2020. Effects of green synthesized
zinc and copper nano-fertilizers
on the morphological and
biochemical attributes of basil
plant. J. Plant Nutr. 43, 1104-1118.

Abdel-Aziz, H.M.M., Hasaneen, M.N.A. and
Aya, M.O. 2018. . Foliar application
of nano chitosan NPK fertilizer
improves the yield of wheat plants
grown on two different soils. The
Egyptian J Experimental Biol.
(Botany), 14(1): 63-72.

A.O.A.C. 2010. Official Method of Analysis
15th Association Official Analytical
chemists, Washington, D.C. (U.S.A.).

Afshar, |., Haghighi, A.R. and Shirazi, M.
2014. Comparison the effect of
spraying different amount of ano
zinc oxide on wheat. International J.
PIt. , Anim. and Envil Sci, 4 (3):
688-693.

Agarwal, H., Kumar, S.V. and Rajeshkumar,
S. 2017. A review on green
synthesis of zinc oxide
nanoparticles An eco-
friendly approach. Resource
Efficient Technologies 3: 406-413.

Bahrnanyar, M.A. and Ranjbar, G.A. 2008.
The role of potassium in improving



AGRIKULTURA CRI Journal 2 (1) ISSN: 2782-8816  December 2021
growth indicesand increasing use.
amount of grain nutrient elements of
wheat cultivars. J. Applied Sci. 8 (7): Franklin, N.M., Rogers, N.J., Apte,
1280-1285. S.C., Batley, G.E., Gadd, G.E.

Bates, L.S., Waldrem, R.P. and Tear, L.D.
1979. Rapid determination of
proline for water stress studies. Plant
and Soil, 39: 205 — 207.

Burman U, Saini and Praveen-Kumar, M.

2013. Effect of zinc oxide
nanoparticles on growth and
antioxidant system of chickpea

seedlings, Toxicol Environ Chem.,
95(4): 605-612.

Cakmak, |. 2000. Possible Roles of Zinc

in Protecting Plant Cells from
Damage by Reactive Oxygen
Species. New Phytologist  146:
185-205.

Dhobale Sandip, Trupti Thite, C.V., Laware,
S. L., Rode, C.V.,, Soumya, J.,
Koppikar, Ruchika-Kaul Ghanekar,
and Kale, S.N. 2008. Zinc oxide

nanoparticles as novel alpha-
amylase inhibitors. J. Applied
Physics 104, 9490.

Dubois, M., Gilles, K.A., Hamilton, J.,
Rebes, R. and Smith, F. 1956.
Colorimetric method for

determination of sugar and related
substances. Anal. Chem. 28: 350.

El-Metwally,|.M.,Doaa,M.R.,Abo-Bashaand
Abd EI-Aziz, M.E. 2018. Response of
peanut plants to different foliar
applications  of  nano-  iron,
manganese and zinc under sandy
soil conditions. Middle East J.
Applied Sci. 8(2): 474-482.

Eppendrof, N. and Hing, G.1970. Interaction
manual of flame photometer B 700-
E. Measuring method, Description of
the apparatus and Instructions for

43

and Casey, P.S. 2007. Comparative
toxicity of nanoparticulate ZnO, bulk
Zn0O, and ZnCI2 to a freshwater
microalga (Pseudokirchneriella
subcapitata): the importance of
particle solubility. Envtl. Sci. and Tech.
41 (24): 8484-8490.

Govorov, A.O., and Carmeli, I. 2007. Hybrid

structures composed of
photosynthetic system and metal
nanoparticles: plasmon
enhancement effect. Nano Lett.

7(3):620-625.

Gusev, N.A. 1960. Some Methods for
Studying Plant Water Relations,
Akad. of Sciences Nauke U.S.S.R.,

Leningrad.

Helaly, M.N., El-Metwally, M.A., EI-
Hoseiny, H., Omar, S.A. and EI-
Sheery, N.l. 2014. Effect of
nanoparticles on biological
contamination of in vitro cultures and
organogenic regeneration of
banana. Aust. J. Crop Sci. 8:

612-624.

Kato, H. 2011. In vitro assays: tracking
nanoparticles inside cells. Nature
Nanotechnology 6 (3): 139-140.

Keram, K.S,, Sharma, B.L. and

Sawarkar, S. D. 2012. Impact of Zn

application onyield, Quality, Nutrients

uptake and Soil fertility in a medium
deep black soil (Vertisol).

International J. Sci., Envt. and Tech.

1(5):563 — 571.

Klute, A. 1986. Methods of Soil Analysis.

2nd ed. Part 1: Physical and
mineralogical methods. Part 2
Chemical and Microbiological



AGRIKULTURA CRI Journal 2 (1) ISSN: 2782-8816 December 2021
properties. Madifon, Wesconsin, refinement of environmental
USA. pollutants. J. Nanotechnology
11(1):18- 26.
Knorr, W., Prentice, |I.C., House, J.I. and
Holland, E.A. 2005. Long-term Nair, R., Varghese, S.H., Nair, B.G.,
sensitivity of soil carbon turnover Maekawa, T., Yoshida, Y. and

to warming. Nature 433:298-302.

Kokina, I., Plaksenkova, I., Jermal, Onoka,
M., Petrova, A. 2010. Impact of
iron oxide nanoparticles on yellow
medick (Medicago falcatal..) plants.
J. Plant Interact. 15: 1-7.

Marimuthu, S. and Surendran, U. 2015.
Effect of nutrients and plant growth
regulators on growth and yield of
black gram in sandy loam soils of
Cauvery new delta zone, India.
Cogent Food and Agriculture, 1(1):
1010415.

Mahajan, P., Dhoke, S.K. and Khanna, A.S.
2011. Effect of nano-ZnO particle
suspension on growth of mung
(Vigna radiata) and gram (Cicer
arietinum) seedlings using plant agar
method. J. Nanotechnol, 2011:1-7.

Mukhopadhyay, S.S. 2005. Weathering of
soil minerals and distribution of
elements: pedochemical aspects.
Clay Res., 24:183—199.

Munns, R., Husain, S. Rivelli, A., Richard, A.,
James, A.G., Lindsay, M.
Lagudah, E., Schachtman, D., Ray, A.
and Hare, R. 2002. Avenues for
increasing salt tolerance of crops,
and the role of physiologically based
selection traits. Plant and Soil 247:
93-105.

Munns, R., and Tester, M. 2008. Mechanisms
of salinity tolerance. Ann. Rev. Plant
Biol. 59: 651-681.

Naderi, M.R. and Abedi, A. 2012. Application
of nanotechnology in agriculture and

44

Kumar, D.S. 2010. Nanoparticulate
material delivery to plants. Plant.
Sci. 179: 154-163.

Presley, D.R., Ransom, M.D., Kluitenberg,
G.J. and Finnell, P.R. 2004. Effect
of thirty years of irrigation on the
genesis and morphology of two
semi-arid soils in Kansas. Soil Sci
Soc Am J., 68:1916—-1926.

Prasad, T.N., Sudhakar, P. and
Sreenivasuluetal, Y. 2012. Effect of
nanoscale zinc oxide particles on
the germination, growth and yield of
peanut. J. Plant Nutrition, 35 (6):
905-927.

Qi, M., Liu, Y. and Li, T. 2013. Nano-TiO2
improve the photosynthesis of
tomato leaves under mild heat stress.
Biol Trace Elem Res. 156(1-3):
323-328.

Raliya, R. and Tarafdar, J.C. 2013. ZnO
nanoparticle biosynthesis and its
effect on phosphorous-mobilizing
enzyme secretion and gum contents
in cluster bean (Cyamopsis
fetragonoloba L.). Agric Res. 2:
48-57.

Rezaei, M. and Abbasi, H. 2014. Foliar
application of nanochelate and non-
nanochelate of zinc on plant
resistance physiological processes
in cotton (Gossijpium hirsutum L.).
[ranian J. PIt. Physio. 4(4):
1137-1144.

Rico, C.M., Majumdar, S., Duarte-Gardea,
M., Peralta-Videa, J.R. and



AGRIKULTURA CRI Journal 2 (1)

ISSN

: 2782-8816

December 2021

Gardea-Torresdey, J.L. 2011.
Interaction of nanoparticles with
edible plants and their possible
implications in  the food chain. J.
Agricultural and Food Chem. 59 (8):
3485-3498.

Sharifi, R., Mohammadi, K. and Rokhzadi,
A. 2016. Effect of seed priming and
foliar application with micronutrients
on quality of forage corn (Zea mays).
Envtl and Exptl. Bio. 14: 151-156.

Siddiqui, M.H., Al-Whaibi, M.H., Faisal, M.,
Al Sahli, A.A. 2014. Nano-silicon
dioxide mitigates the adverse effects
of salt stress on Cucurbita pepo L.
Environ Toxicol Chem. 33(11):
2429- 2437.

Snedecor, G.W. and Cochran, W.G. 1982.
Statistical Methods. 7th ed. lowa
State Univ. press lowa, USA.

Tiku, G.L. 1979. Ecophysiological aspects
of halophyte zonation. Plant and
Soil, 43 : 355.

Tillman, D., Cassman, K.G., Matson, P.A,,
Naylor, R., Polasky, S. 2002.
Agricultural sustainability  and
intensive  production  practices.
Nature 418:671-677.

Von Wettstein, D. 1957. Chlorophyli
latalfaktoren und der
submikroskopische formuechsel der
plastidenn. Exper. Cell Res. 12 :
327 —433.

Youssef, A.M. 2009. Salt Tolerance
Mechanisms in Some Halophytes
from Saudi Arabia and Egypt. Res. J.
Agric. and Biol. Sci., 5(3): 191-206.

45



AGRIKULTURA CRI Journal 2 (1) ISSN: 2782-8816 December 2021

PROPAGATION AND FERTILIZER FOR Morinda officinalis How.
CULTIVATED IN BAC GIANG PROVINCE, VIETNAM

Kim Ngoc Quang'™, Pham Thi Hoa?, and Tran Van On?

'Kim Hoang company, No. 1537 Hoang Hoa Tham St. Song Mai District, Bac Giang
Province, Vietnam

2Lam Dong Crop Production and Plant Protection Sub-Department, No. 12 Hung Voung
St. War 10, Da Lat City, Lam Dong Province, Vietnam

SPharmacy University, No. 13 Le Thanh Tong St. Phan Chu Trinh District
Hoan Kiem, Ha Noi, Vietnam

*Corresponding author: kimngocquang74@agmail.com

Abstract— Morinaa officinalis How. is widely used as traditional medicinal plant with high
pharmacological value. A big gap in the market for medicinal herbs in Vietham emerged due
to overexploitation and high demand for medicinal herbs. Covid-19 further boosted demand
to develop medicinal plants to meet the domestic demand. There were limitations on
applying fertilizers for medicinal plants in cultivation. In this study, the impact of propagation
and different fertilizer applications for M. officinalis cultivation in Bac Giang Province were
investigated. Data on ground diameter, height, root weight, and yield were collected after 18
and 54 months. The results showed that propagation could provide high yield and maintain
good chracteristics of mother trees. M. officinalis grew well and provided high yield when
it was applied with manure, mixture fertilizers and microbial fertilizers. The results of the
study can be used for cultivating M. officinalisin large scale in support of the pharmaceutical
industry having enough materials as well as improving livelihood of local people.

Keywords — Bac Giang Province, Vietnam, fertilizer, Morinda officinalis,
propagation
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INTRODUCTION

Morinda  officinalis How. (Family:
Rubuiaceae) is considered as a medicinal
plant as its roots have been used for various
purposes (Huong et al., 2020, Zhai et al.,
2020). The root extract of M. officinalis
was used to enhance immune function
in the treatment of impotence, menstrual
disorders, diabetes and dermatitis (Zhang et
al., 2018). In Viet Nam, M. officinalis is also
listed as an endangered species (Nguyen
Tap and Nguyen Chieu, 2007).

Due to past unsustainable practice,
the resource of medical plants in Vietham
has been depleted and some plants are
endangered or have become extinct. The
big gap in the market for medicinal herbs
in Vietnam emerged due to exploitation
and high demand for medicinal herbs.
COVID-19 further boosted demand to
develop medicinal plants to meet the
domestic demand (Caspani, 2020).

Cultivation of medicinal plants has
been limited and there was blind application
of fertilizers to M. officinalis to provide
theoretical support in cultivation. Zhu et
al. (2020) studied the effects of fertilizers
on yield and quality of Panax nofoginseng
in Yunnan Province, China and found that
supplementation of organic and medium
and trace element fertilizers would help to
increase root weight per plants.

To date there has been no formalized
studies examining propagation techniques
and fertilizer application rates for M.
officinalis. Therefore, this study was
conducted to investigate the impact
of propagation and different fertilizer
applications on M. officinalis in Bac Giang
Province.
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Fig.1. Location of cultivation Morinda
officinalis How. in Bac Giang
Province.

MATERIALS AND METHODS

Impact of Propagation on the Growth
and Yields of M. officinalis

The experiment had 2 treatments
including CT1: used seeds of M. officinalis
and CT2: used stem cutting for propagation.
In CT1, seeds were collected from the
mature trees, over 3 years old with ripened
fruits in red color. In CT2, stem cutting
plants were collected from the mother
trees, 2-3 years old. Stem cutting materials
were soaked with Indol Butylic Acid (IBA)
in concentration of 1500ppm (Quang et al.,
2020). Experiments were conducted using
the completely randomized design with
3 replicates, each measured 62.5 m? with
50 plants/replication/treatment. Materials
in both treatments used the same variety
(BK8). Experiments was conducted from
April 2014 to October 2018.
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Experiments were done in the land
after harvesting hybrid Acaciar in the
Nghia Phuong commune, Luc Nam
district, Bac Giang Province, Vietnam
(Figure 1). Soil was dug and turned 50cm
deep by machine. The hole size was 40 x
40 x 30cm, distance 1 m x 1.25m (8.000
plants/ha). Basal fertilizer for each hole
included 0.1 kg NPK (5:10:3). Fertilizer
application, land preparation and hole
cover were completed before planting in
20 days. In the CT1, plants for cultivation
had height 20-25 cm, 4-5 leaves, 5-10cm
root length, healthy, not curved or cut
shoot. In the CT2, plants for cultivation
had height 15-20 cm, 4-5 leaves, 5-10
cm root length, healthy, not curved or cut
shoot (after 4 months).

Impact of Fertilizers on the Growth and
Yields of M. officinalis root

The experiments had four (4) treatments
namely:

CT1: Basal fertilizers inluded 0.1kg
NPK (5:10:3)/plant with additional fertilizer
application in the 2", 3" year, two times per
year, each 1kg NPK (5:10:3)/plant.

CT2: Basal fertilizers included 1kg
manure + 0.1kg NPK (5:10:3)/plant,
additional fertilizer were applied in the
1t year once at 0.1kg NPK (5 :10 :3)/
plant; applying additional fertilizers were
applied in the 2" year, twice each time at
0.5kg manure + 0.1kg NPK (5:10:3)/plant;
additional fertilizer were applied in the 3™
year, twice each time at 0.1 kg NPK (5:10:3)/
plant each time.

CT3: Basal fertilizers included 1kg
manure + 0.05kg mixture of fertilizer/plant,
additional fertilizers were applied the 1¢
year, once at 0.05kg mixture of fertilizer/
plant additional fertilizers were applied in the
2n year, twice each time at 0.5kg manure
+ 0.05kg mixture of fertilizer/plant each
time; additional fertilizer in the 3 year was
applied twice, each time at 0.05kg mixture
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fertilizers/plant each time. Mixed fertilizers
included 288 kg NPK (5:10:3) + 80 kg P20s
+ 32 kg K20. Buffalo manure was collected
one year prior to application.

CT4: Basal fertilizers included (1kg
manure + 0.05kg mixture fertilizers +
0.1kg microbial fertilizers/plant; additional
fertilizers were applied in the 1styear, once at
(0.05kg mixture fertilizers + 0.1 kg microbial
fertilizers)/plant; additional fertilizers were
applied in the 2™ year, twice, each time at
(0.5kg manure + 0.05 kg mixture fertilizers
+ 0.1kg microbial fertilizers)/plant each time;
additional fertilizers was applied in the 3™
year, twice, each time at (0.05 kg mixture
fertilizers + 0.1kg microbial fertilizers)/plant
each time.

Location and design of experiments
were similar with the propagation study.
In both experiments, data were collected
on the survival ratio (sr = alive plants/ total
plants x 100%), ground diameter, height,
the numbers of leaf pair and the numbers of
the third brands, root weight and root yields
[ry = average root weight (kg)/plot area x
(10000m?)].

Data were analyzed by using SPSS
Version 12.0.

RESULTS AND DISCUSSION

Comparing propagation to seedling
after 18 months, the following we observed:

In the propagation by stem cutting
experiment had a survival ratio was 88.5%,
ground diameter was 6.2mm, there were
68.1 pairs/plant and 42.7 third branches/
plant. By contrast, in the seeding experiment,
survival ratio was 82.5%, ground diameter
was 4.6mm, the numbers of leaf pair was
48.5 pairs/plant and the numbers of the
third branches was 25.5/plant. After 54
months, root yields of M. officinalis in the
propagation experiment reached 4.8 tons
ha' whereas seedling yielded 3.7 tons ha”
(Table 1).
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Table 1. Growth of M. officinalis plants
by cultivating seeds and propagation
after 18 months.

Table 3. Yield of M. officinalis roots by
cultivating seeds and propagation
after 54 months.

The third
branch
numbers
(branches)

42,7

Numbers
of pair of
Leaves
(a pair)
68,1

Ground
diameter
(mm)

Survival
rate
(%)

Height

Treatment
(cm)

By propagation 88,5 6,2 255,1

By seeds 82,5 4,6 270,2 48,5 25,5

0,024
43

0,003 0,081

224

0,004
11,6

0,000
099

Fpr

Lsd 0.05 014

Comparing propagation and seed
experiments, it can be concluded that using
propagation of M. officinalis can lead to
faster growth in physiological indicators of
the mother trees than using seeds. More
importantly, propagation leads to statistically
higher root yields. After 18 months, survival
ratio of M. officinalisin the 4 treaments using
fertilizers ranged from 84.7% — 94.6%,
highest number in CT4 (94.6%) and lowest
number in CT1 (84.7%) (Table 2).

Table 2. Impact of fertilizers to the growth of
M. officinalis.

Measurement factors after 18

months
Survival
Treatment rate Numbers  Numbers
(%) G_round of pair  of the third
° diameter I
(mm) eaves branches
(a pair) (branches)
CT1 84.7 52 57.6 24.0
CT2 92.4 5.8 77.3 27.3
CT3 94.1 6.8 83.1 30.3
CT4 94.6 8.5 109.7 41.2
Fpr 0.000 0.000 0.000 0.002
LSDO0.05 2.68 0.29 879 56

Similarly, measurement factors in CT4
were higher significantly than in other
experiments such as ground diameters
(8.5mm), the numbers of pairs leaves
(109.7 pairs/plant), the numbers of the third
branches (41.2 branches/plant) whereas
in the other experiments, ground diameter
ranged from 5.2 — 6.8mm, the numbers of
pair leaves 57.6-83.1 pairs/plant and the
numbers of the third branches 24.0/plant
(Table 3).
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i M)
By propagation 680,5 48
By seeds 567,1 3,7
Fpr 0,002 0.001
Lsd 0.05 41 0.24

After 54 months, highest root yield of
M. officinalis gained 5.2 tons/ha in CT4 and
lowest yield was in CT1 (3.5 tons/ha) (Table
4).

Table 4. Yields of M. officinalis How
roots after 54 months applying

fertilizers.

Treatment R(();/tp‘;\;er:?) ht R((:(c:; thiz;d
cm 776.5 35
CT2 927.3 43
CT3 1.01.7 48
cr4 1.169.0 5.2
Fpr 0.003 0.000
LSD0.05 137.78 0.24

M. officinalis would grew well after
applying manure, mixture fertilizers (NPK
+ phosphate + potassium + microbial
fertilizers) as supported by Quang et al.
(2020) in their propagation technique of M.
officinals.

M. officinalis is a species develops
and produces roots so it needs high
noncohesive and highly fertile soils. In the
growing stage and rooty development stage,
potassium fertilizers should be added. Zhu
et al. (2020) obtained similar results where
organic and trace element were added on P.
notoginseng.

A limitation of study was to assume that
M. officinalis grew well without pest and
disease and trialed in Bac Giang Province,
the native area of this species.
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CONCLUSIONS

Cutting stem propagation of M.
officinalis would provide statistically higher
growth and yield.

Supplementation of manure, mixture
fertilizers and microbial fertilizers for M.
officinalis How in the basal application and
later stages would enhance h yield.

This study indirectly inferred that M.
officinalis required noncohesive and fertile
soils. Fertilizers should be added in the
developing stages of M. officinalis.

M. officinalis plantation should be
expanded to help improve the livelihood of
local residents.
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Abstract— This preliminary study seeks to provide a working knowledge of how agricultural
land was acquired, owned, and utilized in the Province of Albay during the middle to
latter parts of the nineteenth century. Using land ownership and notarial records from the
National Archives of the Philippines, this paper argues that lands planted mainly to rice and
abaca were being purchased and acquired by men and women from different racial and
socioeconomic classes in Philippine society as early as the 1860s. A careful examination of
these documents reveals, however, that the acquisition of such holdings became increasingly
concentrated in the hands of the male elite who obtained these via direct purchases, debt
defaults, and applications to the State. Simple quantitative and qualitative examinations
of these land documents also show the variety of land measures used by Albayenos to
determine the sizes of their properties, the high value of abaca lands near seaports, the
increasing dimensions of farmlands that were farther from these facilities, and the use of
land by Albayenos for both commercial (abaca) and subsistence (rice, coconut) purposes. It
is hoped that this study would encourage further research in the ownership, acquisition, and
utilization of land during the Spanish period in the Philippines using archival documents.

Keywords — Land use, land ownership, land acquisition, agricultural land
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INTRODUCTION

Land is a valuable, versatile, and
attractive resource that people would like
acquire. Developed or otherwise, urban
and rural real property could yield material
or economic benefits when sold as a
commodity. On the other hand, its surface
is a potential platform for profit and rent-
seeking activities such as factory, shopping
center or housing facility (Serote, 2004).
Landowners could also take advantage
of the fertility of agricultural parcels as a
direct input for raising crops or livestock
for personal consumption or a market
commodity. Natural resources like minerals
or timber (Serote, 2004) extracted from the
soil can be subjected to further processing
and eventual consumption. In this respect,
land plays a crucial role to a society’s
development and serves an integral part in
a people’s way of life.

Early Filipinos, on the other hand,
did not see land in this manner. Prior to
Western contact to the middle part of the
18th century when the Philippines was
under Spanish rule, the lack of a market
for agricultural produce (Benitez, 1916),
Spanish dependence on the Manila-
centered Galleon Trade (Foreman, 1905),
and the disinterest of colonial rulers to
pursue agricultural pursuits meant that
land was initially seen as a source of
daily subsistence and tribute in colonial
society (Rodriguez, 1998; Cushner, 1971).
It was only during the late eighteenth and
nineteenth centuries when the Philippines
was opened to world commerce that its
agricultural cash crops for export like
sugarcane and abaca became sought after
in the world market (Larkin 1972; Lynch
1988; Corpuz, 1997). Following this event,
which led to the institution of a monetized
economy, land emerged as a valuable and
sought-after commodity (Bankoff, 1996)
and a means for acquiring and solidifying
economic and social status (Corpuz. 1997).

Landowning native elite and mestizo
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families were encouraged by Manila-based
trading houses to go into the large-scale
cultivation of cash crops that included
tobacco, indigo, and coffee and purchase
more and more land (Mallat, 1983; Corpuz,
1965; Corpuz, 1997). Some provinces soon
became known for the crops its inhabitants
produced. The localities of Central Luzon
and Southern Tagalog and the island of
Negros became the main source of sugar
cane (Foreman, 1905; Larkin, 1972).
Batangas, Laguna, and Cavite became
known for its coffee, and Albay became a
major source of abaca (Foreman, 1905).

This sudden and intense demand for
agricultural land led to the titling of parcels
of earth, their measurement, and valuation.
Land alsohave became anobjectdisposition,
sale, and acquisition in different parts of
the Philippine colony. Studies by Larkin
(1972), Bauzon (1974), Owen (1984), Lynch
(1988), Huetz de Lemps (1998), Camagay
(1995), and Lagman (2020), among others,
have discussed how agricultural and urban
properties became the object of transactions
both fair and foul in different settlements in
the Philippines. Owen, in particular, deals
with the growing importance of abaca lands
in the Bicol Region’s uplands as a source
of wealth and systematic economic activity
and the persistent importance of rice fields
in the lowlands for alimentary purposes.

However, there has not been a study,
that has sought to examine in detail the kind
of agricultural land transactions, land uses,
and other facts pertaining to the ownership,
acquisition, disposition, and utilization of land
resources among Bicolanos, particularly
those in the province of Albay, during the
late nineteenth century when land became
so important that legal documents began
to be employed to ensure an individual’s
possession and benefits from such assets.

This study examines land documents in
the form of land titles and notarial records
to shed light on the kind of demographic,
spatial, resource use, and monetary
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information that can be documented and
analyzed in land acquisition, ownership,
utilization-based sources pertaining to late
nineteenth century Albay that are found at
the National Archives of the Philippines. In
particular, this research sought to answer
the following questions:

1. Who and what were the characteristics
of individuals involved in land-related
transactions such as social class, race,
gender, occupation?

In what ways were agricultural lands in
Albay owned, acquired, and disposed
of?

What were the sizes of private
agricultural lands in Albay, what land
measures were used to determine their
metes and bounds, and what were their
common market values?

What were the kinds of agricultural
lands that were commoditized in the
said province?

In what ways do the contents of such
land transactions reflect the culture and
values of Albayenos as their economy
transitions to one with a more capitalistic
nature?

MATERIALS AND METHODS

Social historians seek to tell the stories
and everyday lives of people from past
societies who are rarely given importance
(Zunz, 1985; Burke, 2002; Sharpe, 1991).
Their specific experiences that have been
influenced by wider processes like effects
of international trade, colonialism (Warren
2000; Warren 2003) could demonstrate
particular patterns and trends (Burke, 2002)
that are worthy of mention.

For this study, archival research of
notarial records pertaining to transactions
dealing with land in late nineteenth century
Albay required the collection of data
regarding such dealings in notarial records
and land titles in the National Archives of the
Philippines called the Protocolos de Albay
and the Terrenos de Albay, respectively.
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Such documents, which were produced
between the 1860s and 1890s, are all hand-
written records in Spanish that were not
collected annually and whose numbers vary
from year to year. Save for the individuals
involved and the property that was the
object of a transaction, information in these
documents is also not consistent and seem
to change over time. Given that the study
began with no idea as to the information and
amount of material available for description
and analysis, the following steps were
undertaken in the data collection part of the
research:

1. As there were different years wherein
notarized records of land transactions
were available, and since some years
had documents that were unreadable,
the researcher selected 1864, 1870,
1873, 1880, 1887, 1890, and 1895 as
the years wherein information were to
be gathered;

. For consistency, all towns or pueblos
that were the sites of land transactions
were included in the database, even
if such localities are no longer part of
present-day Albay Province;

. Notes were taken for the following
information: a) the individual/s involved
in the land transaction, b) the type of
transaction, and c) description, location,
size, land use, and value of the property;

. All collected data were then inputted in
Microsoft Excel to create a database of
all transactions. A thorough analysis of
the data led to the creation of additional
columns that better describe the
information regarding the concerned
individuals and commoditized land.
The additional columns include,
among others, if the transactions were
conducted among persons of equal
status based on the titles they carried
(Y/N), the conversion of land areas to
hectares, another for additional remarks
to account for unique cases; and
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5. Once completed, the database was
4 then utilized and managed to identify
' patterns such as existence of land

consolidators, buyers and sellers of
¢ land who were not locals, geographic

b
w distribution  of transactions, and

Camarines Sur

ax,
=

& .

variations in the size and measures of
agricultural properties depending on the
place and time period.

— = Table 1. A sample of the database

Fig. 1. Map on the Present-Day Province of generated based on

the Albay. information  gathered  from
the Terrenos and Protocolos
de Albay documents.
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0AS SALE N FERNANDO REFRACESON M N
L -‘ ﬂ&‘ CAGSAWA SALE YES MANUEL DINO M Y
y r - ? 0AS SALE YES MANUEL REALISTA M Y
=
/ LIGAO SALE YES DAMASO QUINTERIO M N INDIO
d MALINAO SALE NO JUANA CONS F N
2 Paran MALINAO SALE NO ANACLETO CARULLO M N
AN a 13 % 52 mn 14 MALINAO SALE NO MATIAS BRAUS M N
m ooy Kiometers Leye MALINAO SALE NO LUCIO AND FELICIANO MM N
T - CERRANO
MALINAO SALE NO CIRIACO CELESTIAL M N INDIO
Fig. 2. Map of the present-day provinces of S wmmocksMiA M v
. . CAMALIG SALE NO PEDRO GUIRIBA M N INDIO
th e B ICOI Reg IO n - GUINOBATAN ~ SALE YES ANTONIO SANCHES M Y ESPANOL
(Based on archival sources, Al bay LIGAO SALE NO PEDRO FEDERICO M N
Province in the late 1800s included the
current  provinces of Catanduanes,

Sorsogon, and Masbate.)
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RESULTS AND DISCUSSION
Transactors’ Social Class

Ninety-eight of 113 cases had sellers
whose social class was identified. Thirty-
seven (39%) of those individuals who sold
their properties were members of the elite
as signified by their honorific title of “Don”
or “DofRa” preceding their names, while 61%
of those cases had individuals who had no
titles and, thus, were common people.

Ninety-six percent of all recorded land
transactions indicated the owner or buyer
of the concerned property. There were 77
cases wherein the purchasers or owners of
agricultural lands were members of the elite;
this translates to roughly seven out of every
ten dealings (71%). Only 29% of recorded
buyers or possessors of agricultural lands,
such as Manuel Gallegos (Terrenos de
Albay, 266-70) and Apolinario Bruncano
(Protocolos de Albay SDS-21302) were
untitled individuals.

The data, while not conclusive, show
a trend purchasers and possessors of
farmlands were likely to be upper class
individuals and those who put up their
parcels for sale tended to be people from
the lower classes. For the years 1864 and
1870, 6 out of every 10 landholders were
titted individuals. By the years 1880, 1890,
and 1895, 82% of all owners of agricultural
properties that were notarized were upper
class individuals. When a common person
sold his properties, in only one out of every
three dealings (32%) would it involve a buyer
without a title. Conversely, 2/3 (68%) of the
time, such a transaction would involve a
purchaser of property from the upper class.

How about the proportion of acquirers of
land coming from the upper class? In 1864,
five of 13 land-related notarial records (38%)
were persons who carried honorific titles. By
1870, this increases to 76% or more than
three out of every four land contracts. In the
13 gathered records from 1890 and 1895,
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11 or 85% of the buyers or individuals who
formalized their ownership of farmlands
were all Dons. This included Don Benito
Onandia (Protocolos de Albay Bundle 1032-
A, and Don Mariano Mape (Protocolos de
Albay SDS-21416). The data, while not
conclusive, proffers a trend wherein the
rich are slowly consolidating ownership of
agricultural lands. Thus, the data, however
crude, reveals a possible manifestation of
elite capture of a particular resource.

Gender

Of 89 land sales, in only 12 of those
cases (14%) were the seller of the property
awoman. These include Francisca Feliciano
in 1864 (Terrenos de Albay 1864), an india
named Marzaria Duran in 1870 (Protocolos
de Albay SDS-21194), and Dofa Maria
Quinal in 1887 (Protocolos de Albay SDS-
21302). A female, however, tended to be
less likely to buy land as only Basilia Borjal
(Terrenos de Albay 1864), Milatra Imperial
and Martina Canco (Protocolos de Albay
SDS-21302) were recorded as acquirers
of land (3% of all land sales). The data
demonstrates that women were three times
more likely to be a seller than a buyer of
land. Moreover, a woman was rarely an
owner of agricultural land as females were
involved in only 16% of all agricultural
property contracts.

Occupation and Race

It is unfortunate that the land
transactions that were examined did not
yield much information regarding the

occupations and races of the individuals
involved. Out of the 113 documents that
wherein notes were taken, we only have
information on the livelihoods of only six
sellers and three buyers. Of the six persons
who sold their land parcels, five were
farmers. Juan Rico and Tomas Lindio were
growers based in Ligao who sold their abaca
lands to a fellow agriculturalist named Don
Mariano Mape in 1890 (Protocolos de Albay
SDS-21416). Five years later, a 70-year-
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old farmer named Don Juan Vegerano may
have been too old to manage his more than
70-hectare abaca land (abacales) when he
decided to sell the said property to another
fellow cultivator named Don Jaime Serra
(Protocolos de Albay SDS-21416). The
only exception among the sellers was a
woman named Arcadia Garcia of Libog
(present-day Sto. Domingo) who sold
three and a half hectares of abaca land to
a businessman (negociante) named Don
Martin Contabitarte in 1895. Ms. Garcia’s
occupation was listed as property-owner
[proprietario] (Protocolos de Albay Bundle
1032-A).

The amount of recorded data with
respect to the race of the persons involved
in notarized land-related documents, while
better than occupations, was also quite
scant. Of the 17 people who sold or pawned
their agricultural assets, 14 were indios or
natives of the colony, two were Spaniards
(Espafiol), and one was of Chinese descent
(Chino). On the other hand, out of 22
transactions that were notarized wherein
the racial profile of the buyer or owner of
the land concerned was noted, nine were
Chinese, only five were indios, and two
were Spaniards.

The documents that were examined
indicate that sellers of land were likely to be
natives of the Philippines, while their buyers
belonged to groups that had more money
such as the Chinese and the Spaniards. It
should be noted that the significant number
of Chinese doing business in a particular
place served as a proxy indicator of the
quality of the economy of a particular area
(Casifio, 1976), and Albay province in the
late 1800s was considered a prosperous
first-class province. It was also noted by
John Foreman, a British national who spent
much time in the Philippines during the last
decades of Spanish rule, that the Chinese
were known to be active buyers of abaca
lands (Foreman, 1905). The latter contention
is reflected in purchases of abacales made
by men such as Uy Toco, Tan Quico, and
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Martin Garcia in 1887 (Protocolos de Albay
SDS-21302). Similar to Garcia, acquirers
of agricultural land such as Sebastain
Ynchausti (Terrenos de Manila 1864) and
Eugenio Gonzales (Protocolos de Manila
SDS-21302) were Christianized Chinese
who already carried Hispanic names. This
practice of using Christian names among
the Chinese was likely an attempt by such
migrants to adapt and integrate with their
new lives in a new place.

The categorization of inhabitants of the
Philippines based on race (i.e., Espafiol,
mestizo, Chino, Indio) is grounded on the
legal code, jurisprudence, and methods
of governance of the Spaniards in the
Philippines (Larkin, 1972; Bankoff, 1996).
Simply put, one’s race determined one’s
rights and privileges in society (Madrid,
2021). Clearly, those of pure Spanish
ancestry had more benefits, yet those
Spaniards born in Spain were called Espaiiol
peninsular and were considered of a higher
class than those only born in the Philippines
[Espafiol Filipino or Insular] (Madrid, 2021).
It is for this reason that Don Juan Marcella
(Protocolos de Albay SDS-21416) and Juan
Azada (Protocolos de Albay SDS-21515)
were classified as Espafiol, while it had to
be made clear that Joaquin de Roco was
merely an Espaiiol Filipino (Protocolos de
Albay Bundle 963).

Notarized Land Transactions
Types of Land Dealings

The simplest and most direct land
matter involved the legitimization of a
person’s ownership of a real property. This
is undertaken when an individual notarizes
several papers to stake his claim to a piece
of land that is signed by a notary public.
While such a document is not in any way
a land title, a notarized record is one of the
means by which an owner makes formal his
hold over the said physical asset. There are
five such documents that were uncovered,
all of which were undertaken by men. In
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1864, all such transactions involved the
ownership of lands whose use was not
clearly defined. Sebastian Ynchausti had
a document stating that he had possession
of two undefined plots of land, one of which
was in the town of Cagsawa (Terrenos de
Manila 1864), while Basilio and Eustaquio
Barrameda made it known that they
owned farmland in the pueblo of Bacacay
(Terrenos de Manila 1864). Over time, such
claims of landownership involved valuable
abaca plots. In 1870, Guinobatan resident
Juan Pasibio was the owner of 400 topones
of abaca land that was valued at 1000
(Protocolos de Albay SDS-21194). Eladio
Ognaga and Fermin Abuites also claimed
possession of similar abaca fields in the
towns of Malinao and Ligao, respectively, in
1895 (Protocolos de Albay Bundle 1032-A).

Another straightforward transaction
was sale of agricultural land that involves
a willing seller and an interested buyer.
Such sales accounted for nearly four out

OTHERS

DIRECT SALE

FORMALIZATION

Fig. 3. Percentage share of methods of
land ownership by type.

of every five (79%) dealings. For instance,
in 1864, Raymundo Barquin agreed to give
up his 1.4 hectares of abaca crop land to
Calixto Bejarano for £27. There must have
been some haggling involved as Bejarano
also paid Barquin an unspecified amount
of rice (Protocolos de Albay 1864). Sixteen
years later, Don Tiburcio Lajata sold his
abacal that was located in Sorsogon to Don
Marcelino Jornaluz (Protocolos de Albay
SDS-21302). Moreover, in 1890, Ciriaco
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Grajo sold his rice land that was situated in
present-day Magallanes, Sorsogon to Don
Aniceto Judit for P44.40.

These land sales underscore how
agricultural parcels have become valuable
commodities in the market. Their value
as wealth-generating assets is further
emphasized by an increasing number of
individuals who bought multiple parcels
as well as those who consolidated their
ownership of land in a particular area.
An example of an individual who actively
acquired agricultural land was an indio
named Don Eulalio Brotamonte. While
he was a resident of Tabaco, in 1870 he
purchased farmlands found in the nearby
town of Malinao from Juana Cons, Anacleto
Carullo, Matias Braus, as well as Lucio
and Feliciano Cerrano (Protocolos de
Albay SDS-21194). Ten vyears later, Mr.
Brotamonte again acquired land in Malinao
from Florencio Teocson, who was an
absentee landowner as he was based in
the province of Camarines Sur (Protocolos
de Albay SDS-21302). Malinao seemed to
have been a preferred area for the purchase
of agricultural lands as Don Gaspar
Palomar also bought developed farmlands
from Ciriaco Celestial and Mariano Casalla
(Protocolos de Albay SDS-21194).

Another example of a person who
acquired so much land in a short time was
Don Antonio Mufioz. In 1887, Mufoz was
able to purchase 10 parcels from both
upper class and untitled individuals. These
properties were composed mainly of abaca
lands as well as a few plots that were
planted to rice and coconuts (Protocolos de
Albay Bundle 1000-A).

Interested individuals in the 1800s had
another way to acquire agricultural land.
This was to loan money at exorbitant rates
to individuals who used their agricultural
lands as collateral. The term used for this
means of acquisition is deuda con hipoteca
or “debt with mortgage” (Bauzon, 1974).
Also called pacto de retroventa, this practice
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emerged in prosperous agricultural towns
in the middle 1700s, wherein failure of the
mortgaged to buy back the collateralized
property mean the money lender got to
formally own the land in question (Corpuz,
1997; Larkin, 1972).

Nearly one out of every 10 notarized
land dealings (9.2%) involved an individual
mortgaging his or her property in exchange
for money. Mortgaged properties included
rice lands, a house and lot, an abaca late,
and coconut lands. There were agreements
involved a “guarantor” and an individual who
“entrusts” his properties to the guarantor,
who was commonly a person of means.
Interestingly, in some cases, no amount of
money loaned was stated, and there was
no stipulation for the recovery of these
properties.

On the 9th of January 1873, in Legaspi,
Don Marcelo Aguilar became the guarantor
of an abaca land, a rice field, a house made
of nipa, and a small plot of land planted with
sugarcane and coconut. These properties
were once owned by Don Juan Calleja
(Protocolos de Albay Bundle 932-A). In
that same month, Leon Carifiaga of Ligao
“entrusted” his small reed house and a plot
planted with abaca to Don Isidro Requilme
(Protocolos de Albay Bundle 932-A).

Other pacto de retroventa transactions
dispensed with such “niceties” and were
simply straightforward transactions wherein
one pawned his assets to a money lender
for a specific amount, with the former
having the option to buy back what he
has mortgaged over a specific time frame.
Bacacay resident Braulia Basalla pawned
2 pisosones (2.8 has) of land planted to
abaca and coconuts to Fabian Barrameda
for 32 in 1864. Ms. Basalla had two years
to repay her debt after which she forfeits
her farmland. That same year, Don Mariano
Lazaro loaned 35 to Manuela de los
Santos. In exchange, Mariano got hold of
the title of Manuela’s agricultural parcel in
Ligao; she had four years to buy back her
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land (Protocolos de Albay, Bundle 932-A).

A woman named Dofa Eulalia
Vicentura, in fact, acquired more than one
piece of cultivated property by giving out
loans. A daughter of the province’s inspector
of roads, Ms. Vicentura acquire the plots
of Don Mariano Buenafe and Acordia
Borlagdan in Tabaco for a combined amount
of 110 (Protocolos de Albay, 932-A).

Pacto de retroventa transactions
reveal what Albayenos would consider to
be items of economic or monetary value in
their society. In the Memorias de Manila,
an 1892 document that served as a de
facto socioeconomic profile of the towns of
Manila Province, livestock were considered
as valuable agricultural assets that were of
significant economic value. Water buffaloes
or carabaos in Manila was valued anywhere
between £20-40 (Memorias de Manila
1892). It is, thus, not surprising that in 1870
in Pandan, Catanduanes, there were three
instances wherein carabaos and different
types of cows were used as collateral along
with cultivated lands. Agaton de la Rosa,
Vicente Angeles, Casimiro Ylanan, Maximo
Rivero, and an individual who was only
known by his surname Sanches mortgaged
a combined 26.6 hectares of land along
with 4 cows, 16 carabaos, 3 calves, and a
2 turnera or cows that are ideal for fattening
(Protocolos de Albay 1870 SDS-21194).

There was even a case wherein two men
used their lands as collateral in Guinobatan
in order to pay for storage fees. Ignacio
Ofiendo and Don Maximo Lodia decided
to mortgage three of their abaca lands to a
Spaniard named Joaquin de Roco to pay for
the right to store abaca in the space provided
for by the latter (Protocolos de Albay Bundle
963). It can be assumed that the two men
were confident enough that once they were
able to sell their abaca hemp, they could
easily pay the unspecified amount that they
owed Don Joaquin. In addition, the fact that
the two men mortgaged their properties
under the assumption that they could earn
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more money after all their transactions
are done and over with reflects a group of
people’s deep understanding of how land
capital can be used in various ways to
produce even more money.

Land can also be disposed of and
acquired by people through inheritance.
Last wills and testaments were used by
individuals, especially women, as a means
of ensuring that their loved ones are well-
provided for once they are gone. In such
documents real property was a resource
that was considered very important forms of
inheritance (Lagman, 2020). In her will that
was notarized in 1890, one of the assets that
Dofia Marcia Rita left behind to an unknown
individual was a plot of abaca in the town of
Cagsawa that was roughly a hectare in size
(Protocolos de Albay SDS-21416).

Aspects Pertaining to Land Measures
and Sizes

Modern states, by their very nature,
strive to control, monitor, and make legible
their territories, resources, and subjects.
Its officials and institutions attain this by
making uniform and standardized how
different important elements and aspects
of people’s lives are weighed, measured,
registered, and organized (Scott, 1998). Itis
for this reason why lands that were owned,
acquired, used, and disposed of in Albay
during the last decades of Spanish rule
were subject to measures. Unfortunately,
however, the systems of weights as well as
liquid and linear measures in the Philippine
provinces during the Spanish period were
made up of a variety of local measures that
were of native, Asian, and Spanish origin.
While some could be converted to linear
measures, this was not possible for some
(Census, 1905).

The land measures used for agricultural
lands in Albay initially employed both local
and Spanish measures that mirrors the
disorganized nature of Spanish rule that
can also be observed in the different types
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of currency that they allowed to circulate
and facilitate economic transactions in the
Philippines (Bankoff, 1996). Such gauges
included the pisoson, topon, and the braza
de circunferencia.

The pisoson, which is equivalent to
1.4 hectares (Census of the Philippine
Islands), was a land measure reflective
of the changing outlook of the Albayenos
towards land and their reaction to certain
peculiarities in their landscape’s physical
geography. This measure took its name
from the Mexican peso, the main means
of exchanging goods at that time. Like the
peso, which was equivalent to eight reales
(Barrows, 1905), a pisoson of land could
be subdivided into eight equal parts called
the real. This reveals that by the nineteenth
century land was an economic resource that
had monetary value in Albay.

Just as important, the pisoson was
closely associated to Albay province’s main
export — the abaca. Foreman (1905) noted
that the pisoson was a local land measure
of Albay usually associated with abaca
plantations. A land area of this size could fit
2,500 abaca plants. Mallat (1983) adds that
this measure was rather irregular due to the
upland terrain where abaca was cultivated.
This explains why most land contracts that
used pisoson as a measure qualifies the
size of the land with the phrase “more or
less”.

Ten notarized documents that were
examined involved individuals who agreed
to purchase several reales or pisosones of
land, mostly abacales. Don Laurente de la
Pefia acquired 4 pisosones or 5.6 hectares
of farmland from Francisca Raymundo that
was located in an undetermined part of
Albay (Terrenos de Albay 1864). Acordia
Borlagdan mortgaged 8 pisosones (11.2
hectares) in the uplands of Tabaco to Eulalia
Vicentura in exchange for a debt worth P75
(Terrenos de Albay 1864), while 4 reales
or 7,000 square meters of farmland was
sold to Eulalio Brotamonte for £34 in 1870
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(Protocolos de Albay SDS-21194).

From notarized records from 1864 and
1870, there were nine agricultural lots with
areas that were measured in topones, a
local measure of which one unit in Albay
was equal to 43 square meters (Census,
1905). Real properties whose extents
were calculated through such measures
were not very extensive, a feature of land
parcels that were observed by the historian
Norman Owen (1984) in the documents that
he reviewed for Spanish era Bicol. With the
exception of Don Tomas Gallego’s 5,780
topones (24.85 hectares) of land planted to
abaca and coconuts (Protocolos de Albay
SDS-21194), lands whose extents were
determined through such measures did
not exceed 5 hectares. The 100 topones of
land acquired by Mariano Lazaro through
pacto de retroventa was only 4300 square
meters or .43 hectare, while three abacales
owned by Juan Pasibio, Pascual Tagalog,
and Antonio Perete all had an area of 400
topones or a mere 1.72 hectares (Protocolos
de Albay SDS-21194).

Local measures used in determining
the areal extent of lands in Albay could be
converted to the metric system (hectares).
Unfortunately, one form of land measure, the
braza de circunferencia (BdC), seems to not
have a clear conversion. There were six land
sales from 1864 to 1880 that computed the
size of lands sold in terms of BAC, and their
purchase price ranged from P40 to P121.
The smallest of these was an uncultivated
land parcel in Oas measuring 200 BdC that
was owned by Fernando Refraceson and
sold to Don Gaspar Ricafuente in 1870. The
biggest was a 575 BdC of land planted to
157 coconuts in Malinao bought by Gaspar
Palomar from Mariano Casalla on that same
year (Protocolos de Albay SDS-21194).
The most expensive land purchase using
the said measure was bought in 1864 by a
woman named Dofia Basilia Borjal. The land
that she acquired in an undetermined place
in the province had an area of 436 BdC and
was clearly located in the steep uplands as
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the parcel was said to be located in some
sort of cavity. Ms. Borjal spent 121 for the
said property (Terrenos de Albay).

By the 1890s the Spanish government
enacted policies that would standardize
the measurement of lands. One of these
was the Royal Decree of 13 August 1898.
This ruling stated that the market value of
land prices should be based on the average
value of all lands sold per hectare in each
province during the last five years. Land
sales should also be conducted in cash
(Ahern and Basa, 1901).

This explains why the notarial records
of the Protocolos Albay for as early as
1890 had land measures in hectares and
its corresponding subdivision of ares and
centiares, which are equal to 100 and 1
square meter, respectively (Department
of Agriculture Region 5 undated). In 1890,
Don Jose Sarte became the new owner of
an abaca land that had a land area of 71
hectareas, 81 areas and 25 centiaraes or
7.8125 hectares that was sited in Ligao. On
that same year, 3 pisosones of land planted
to abaca and coconuts or a land area of
4 hectareas, 19 areas, and 23 centiareas
(4.19 hectares) was mortgaged by a
farmer named Saturnino Nones for 100
(Protocolos de Albay SDS-21515). Five
years later, an abacales owned by Benito
Onandia was accurately measured as
having a definite land area of 2.09 hectares.
It sold for 70. (Protocolos de Albay 1032-
A).

The standardization of land
measurements and the approximation of
land sizes from hectares up to one square
meter not only indicate exactness of
measures. It also implies that land became
so valuable that accuracy was now required
in measuring properties. This increasing
prudence in measures was also reflected
in the practice in agricultural towns like
San lldefonso, Bulacan in the late 1990s
where farmlands were being purchased by
the square meter instead of in hectares.
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Moreover, increasing accuracy in measuring
land also implied that the Spanish colonial
bureaucracy of the late nineteenth century
now had enough personnel, like surveyors,
notaries, and registrars of lands, to do such
tasks (Owen, 1984).

Landowners in Albay eventually
adhered to metric measures. For some
Albayenos, however, the pisoson remained
as the preferred land measure even after
the implementation of the 1895 provision. In
fact, majority of the landholdings confiscated
by revolutionary forces in Albay in 1899
had land measures that were still in units
of pisoson (Philippine Insurgent Records
Albay).

Land Sizes

The historian Norman Owen noted that
landholdings in the Bicol settlements were
not as extensive compared to their cash crop
growing counterparts in other provinces in
the Philippines (Owen, 1984). While the
data collected for this research is by no
means complete, the crude calculations
that were generated from such information
seems to support Owen’s assertion.
Almost of six out of every 10 transactions
(57%) where the land area of the property
being sold or possessed is provided have
farmlands whose size do not exceed two
hectares. In fact, almost three out of every
10 land dealings concern real properties
that do not even reach a hectare in area.
Only 9% of these purchased, owned, or
mortgaged assets are between to two to five
hectares, while only 14% of transactions
deal with cultivated or farmable land that is
between 5 to 10 hectares. There were four
parcels who areas were within the 11-to-25-
hectare range (9%), while there were only
three properties (9%) that were more than
or equal to 56 hectares.

The sizes of land being sold, irrespective
of land use, seems to reflect an increasing
trend over time. For the year 1864, lands in
notarized documents had an average size of
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2.59 hectares. This increases to an average
of 4.72 hectares by the years 1870 and
1873. By 1880, 1890, and 1895, however,
the average size of agricultural properties
whose documents were notarized shoots
up to 22 hectares. However, it should
be noted that the samples used are too
small, and three properties that had land
areas of 23.85, 73.3, and 101.78 hectares,
respectively, clearly skewed the average

<OR =2 HAS 2.01-5 HAS 5.01-10 HAS 10.01-25HAS > OR =56 HAS

Fig. 4. Percentage of land sizes by range.

size of parcels sold or owned for those years.
Without those three properties, the average
hectarage would go down to 8.72 hectares.
If the biggest land sizes for 1864 and 1870-
1873 were also removed, the average
land sizes would also be reduced to 1.52
hectares and 2.24 hectares, respectively.
Yet even when such agricultural properties
with unusually large land sizes were not
included, land parcels over the years clearly
reflect an upward trend in average area.

2.24

1870 & 1873

1880,90, 95

Fig. 5. Average land size in hectares of
cultivable lands in selected years.
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Land Values

The usual price of agricultural land by
hectare also demonstrates and upward
trend. In 1864, the average value of a
hectare of cultivated/cultivable parcel had
an average price of P15.25. This nearly
triples in value to P45.5 per hectare by the
years 1870 and 1873. By the last decades
of the nineteenth century, a hectare of
agricultural property could be had for an
average of P70. The comparison of these
land values upholds the common notion that
land becomes more expensive over time
and rarely decreases in value. Increases in
land prices also show that land had become
an item of speculation. For this reason, the
Spanish colonial administration eventually
enacted provisions that places a standard
market price for land per province based on
the average price of all the land sales made
in a particular province within a time span of
five years (Ahern and Basa 1901).

1880/90/95

1870/73

Fig. 6. Land values in Pesos/Hectare over
the decades in nineteenth century
Albay.

Agricultural Land Utilization

The use of agricultural land in Albay
in the 19th century could be divided
into three categories — for export, local
consumption, and mixed-use. Abaca lands
make up the export category, while lands
planted rice, coconut, and bamboo were
landholdings that produced commodities
for domestic purposes. Mixed-use plots
were a combination of export and local
consumption.

Of the three classes, abaca lands,
whose harvested hemp was used as ropes
in navies and merchant shipping companies
all over the world (Owen, 1984), was the
most widely traded land type as it provided
the most profit. At some point, the cultivation
of abaca became so profitable that owning a
plantation in the “declivities of the mountains”
and “volcanic soil” (Gironiere, 1962) could
yield an annual return of investment around
25-30% (Atkinson, 1905,). Incidentally, in
the first three months of the year 1887, 20
land transactions involved abaca lands and
another five had a mixed land use that had
abaca as one of the indicated crops. This
number was based on the 33 recorded land
transactions that contained a particular
land use. Purchased abaca lands include
those acquired by Don Antonio Mufoz
from Estevan Nievez, Marcelo Pelayo,
Clara Arnife, and Victoria Nievez, while a
Chinese native who used the Hispanized
name Martin Garcia purchased three out
of the five lands planted to both abaca and
coconut that were the subject of notarized
documents from January to March of 1887
(Protocolos de Albay Bundle 1000-A).

Among the croplands utilized for local
consumption, rice lands were the most
dominant form of use in this category. What
is very important to note with rice lands
was that most of its owners and buyers
were members of the elite. Such plots
offered not only potential food security but
political influence in society as well. Unlike
abaca lands, plots planted to rice, required
more personnel and constant contact
between landlord and tenant. This kind of
relationship easily becomes a source of
political patronage and social capital in the
community (Owen, 1984). On the other
hand, coconut lands were rarely identified
in the course of the study.

Most farms that were mixed-use
contained abaca plants and coconut trees.
There are probably two reasons why these
two crops were planted together. One is
that abaca plants require shade which
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coconuts could easily provide (Owen,
1984). Another possible explanation for this
kind of combined land use is that while the
owner earns a significant amount of money
from abaca, coconut tress provided for the
everyday needs of the Bicolano like coconut
milk, oil, and toddy.

CONCLUSIONS

During the late 1700s, Bicolandia was
so poor that its inhabitants could barely but
tobacco from the monopoly stores. A native
elite was even quoted to have said that
the money families saved for generations
were squandered to buy tobacco. Such
contention reflected the reality that the
region’s inhabitants lacked revenues that
could earn them income to sustain their
needs (De Jesus, 1980).

This gloomy description of Albay
soon changed when abaca became a
prime export item in the world market.
The province, reportedly the best place to
cultivate abaca (Marche, 1970), benefitted
from its export earnings and eventually
developed a monetized economy. Such an
economy in Albay is reflected in documents
that reveal the increasing acquisition and
ownership of agricultural lands, the money
spent to pay for them, the different means
by which such wealth-producing parcels
were purchased, the increasing values of
farm properties over the years, and even
by how lands were measured (pisoson = 8
reales = Peso). Sadly, the records of those
who owned, bought, and sold lands reflect a
sad reality in Albay society wherein upper-
class males increasingly consolidated land
resources at the expense of those from
humbler backgrounds. From these records,
the people who were part of centuries old
records cease to become mere statistics
and their stories relate to present realities in
Philippine society.

The documents also reveal aspects
and patterns in the culture and way of
life of the people of Albay. These land
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transactions illustrate the growing legalism
of these people (i.e., existence and
recognition of land contracts), as well as
their ability to respond to peculiar features
of their environment (i.e., the pisoson as
a unique land measure). The measuring
of agricultural parcels using a variety of
local and Hispanic gauges highlights the
localized nature of land transactions and
the lack of uniformity, accuracy, and central
government control in determining the
metes and bounds of properties, which only
began to be addressed in the last years of
Spanish rule. Land-related legal documents
in Albay from 1864 to 1895 also corroborate
the assertion that real properties in the said
province were not as extensive as those in
other provinces, and how Albayenos used,
acquired, and cultivated lands to produce
more wealth like abaca or mainly address
their subsistence needs such as coconuts
and rice.
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Abstract — The study investigated the need for capacity strengthening of rural women
towards nutrition management of school-going children, conducted in four villages
purposively selected from Lama upazila under Bandarban district of Bangladesh. A total
of 110 households were selected with data collected from the women of those households
through face-to-face setting using pretested interview schedule. Measurement for the need
for women’s capacity strengthening used 21 issues under four broad dimensions such as
‘need for decision-making ability’, ‘need for support services’, need for managerial skill’ and
‘need for physical facilities’ were formulated. A four-point rating scale with the responses
like ‘no’, ‘low’, ‘medium’ and ‘high’ was administered with their corresponding scores such
as 0, 1, 2 and 3, respectively. Pearson’s product moment correlation coefficient (r) was
computed to explore the relationships between selected characteristics of the respondents
and their extent of need for capacity strengthening. The findings indicated that for all the four
dimensions, the highest proportion of respondents were noticed with medium to high level
of need for capacity strengthening towards maintaining school-going children’s nutrition.
Among the dimensions, the highest percentage of respondents (64.44%) was reported with
the issues related to the dimension of need for decision-making ability. Correlation analysis
indicated that respondents’ year of schooling, annual family income, training exposure
and household dietary diversity had significant positive relationships with their extent of
need for capacity strengthening. It deems necessary to undertake and follow up women
focused development initiatives in study areas through better access to resources, inputs
and services so that the women folks can play their greater role in maintaining household
nutrition for household in general and for school-going children in particular.

Keywords — Bangladesh, capacity strengthening need, nutrition, rural women,
school-going children
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INTRODUCTION

Nutrition is an important determinant of
good health and active life. Food is the main
source of good nutrition and people eat food
to supply us with substances that are referred
to as nutrients. Nutritional value or nutritive
value as part of food quality is the measure
of a well-balanced ratio of the essential
nutrients- carbohydrates, fat, protein,
minerals, and vitamins in items of food or
diet in relation to the nutrient requirements
of their consumers. In Bangladesh,
rural women breastfeed the newborn
babies, prepare meals for members of
theirfamily and their extensive professional
involvement in food manufacturing, trade,
public catering, health care and education
are commendable (World Bank, 2007).

Women’s nutritional knowledge have a
great impact on the health of their children
and, therefore, of the future generation. Lack
of nutritional knowledge is one of the most
important reasons of nutritional problems
and consequently improper practice which
can lead to several complications of women.
All these they do in the face of constrain
and attitudes that conspire to undervalue of
their work. This discrimination hampers on
food security as well as nutritional security
(Islam, 2019).

Many children around the world,
especially those from low-income families,
start their school as stunted, underweight
or suffering from multiple micronutrients
deficiencies. At the same time, nutrition
and diet-related problems are also highly
prevalent in middle- and high-income
countries. Indeed, all countries suffer from
at least one form of malnutrition (IFPRI,
2017). Increasingly, children are suffering
from several forms of malnutrition, ranging
from undernourishment to excessive
weight or obesity, with both extremes often
occurring in combination with micronutrient
deficiencies. Schools provide an opportunity
to prevent and manage these various
forms of malnutrition and contribute to
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improving educational outcomes. Students
who have participated in school nutrition
activities can further act as influencers, with
a particular impact on their families and
younger siblings, potentially reducing the
number of children starting school already
malnourished (UNSCN, 2017).

The nutrition experts echoed that a
large number of Bangladeshi children and
mothers suffer from malnutrition, which is
affecting the national development (Ahmed
etal., 2012). Women and children suffer from
stunting, thinness, underweight, obesity,
low-birth weight, micronutrient deficiency
and other snags. The main reasons for this
poor situation are poverty, inadequate intake
of nutritious food and lack of access to
diverse foods (FRAC, 2017). Poor nutrition
starts before birth, and generally continues
into adolescence and adult life and can span
generations. Chronically malnourished girls
are more likely to remain undernourished
during adolescence and adulthood, and
when pregnant, are more likely to deliver low
birth-weight babies (WHO, 2006). Nutritional
status is an important index for measuring
quality of life especially in children.

In Bangladesh, most of the people are
still undernourished, especially in case of
school- going children’s it is seen in large
scale, where women have been found to
control their households nutritional status
through food preparation, processing of
food products and through daily use of the
available resources for maintaining school
going children’s nutrition. Additionally, the
rural women also actively help in producing
vegetables and other crops in homestead
and field. Eventually, they are directly
assisting in supplying nutritious food in the
households. The caseis especially significant
in the mountainous region where the study
was conducted. This area was inhabited
mostly by the tribal people and their women
usually take part in most of the household
and field activities including farming. So,
the involvement in and role played by the
rural women of mountainous region towards
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maintaining household nutrition is of special
implication. Analyzing the issues from these
rural women’s perspectives, the study was
particularly designed to find out the need
for capacity strengthening of rural women in
maintainingschool-going children’s nutrition
and to explore the relationship between
the selected characteristic of rural women
and their need for capacity strengthening
in maintaining school-going children’s
nutrition.

Thus, the present study was carried
out with the following specific objectives:
1) To find out the existing role played by
rural women in maintaining school going-
children’s nutrition; 2) To assess the need
for capacity strengthening of rural women in
maintainingschool-going children’s nutrition;
and 3) To explore relationship of the need
for capacity strengthening of rural women in
maintaining school-going children’s nutrition
and their selected personal characteristics.

MATERIALS AND METHODS
Study Area

This study was conducted in four in
four villages purposively selected from
four unions namely, Aziznagar, Fasyakhali,
Rupshipara, and Sarai under Lama Upazila
of Bandarban district. In those unions,
the Government of Bangladesh has been
piloting school nutrition projects with
support from FAO and other partners since
the early 2000s, and began school feeding
in 2011 based on the positive results and
experiences of the World Food Programme
(WFP) school feeding program. FAO and
WFP agreed to implement this project
as part of their broader collaboration on
promoting nutrition-sensitive initiatives. The
project focused on the institutionalization of
a nutrition-sensitive school meal program
in Bangladesh to ensure its sustainability,
by building the capacities of relevant
government institutions, local women
growers, school teachers and School
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Management Committees (SMCs) of Lama
Upazila, Bandarban District (FAO, 2021).

205 ed

Fig. 1. Map of Ban

gladesh showing the study

areas.
Lama Upazila consists of one
municipality, seven Unions Parishads,

18 Mauzas and 247 villages. Lama had a
population of 64,717, of whom 33,732 were
aged 18 or older. Males constituted 53.94%
of the population, and females 46.06%.
Lama had an average literacy rate of 21.1%
(7+ years), against the national average
of 32.4%. The main source of income is
agriculture which is 62.18% of the total
household income.

Sampling, Data Collection and Analysis

An updated list of all the women was
collected from the WFO and 300 selected
households of the villages. A total of 110
households with at least one school-going
child in each household) were selected
purposively from those four villages
constituted the sample for this study. Data
were collected through personal interview
using a pre-structured interview schedule.
An interview schedule was carefully
prepared in English, keeping in mind the
objectives of the research. Appropriate
scales were developed to operationalize the
dependent and independent variables of the
study. A draft interview schedule was pre-
tested with 10 farmers from the study area
that facilitated the researcher to identify
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faulty questions and statements in the draft
schedule. On the basis of pretest results
and aswers of the respondents necessary
corrections, alternations, additions, and
modifications were done in the interview
schedule.

Five dimensions were selected. Each of
the dimensions had 5 statements obtained
from the FGD. A four-point rating scale was
used to measure the role of focus variable.
Possible responses were high, medium, low
and no with the corresponding scores of
3, 2, 1, and 0 respectively. The innovation
capacity of the farmers was computed by
adding all the scores obtained from each of
the dimension of innovativeness from which
respondents will be benefitted. Hence, the
scale score ranged from 0 to 15 for each
dimension, where 0 indicates no innovation
capacity and 15 indicates high innovation
capacity of the farmers for adoption of
farm machinery. Ranking of the statements
was done to prioritize the statements
where informal education, interest towards
machineries, social networking, good
physical health and income were number
one for each dimension respectively.

Need for Capacity Strengthening of Rural
Women towards Maintaining School-
going Children’s Nutrition

Need for capacity strengthening of rural
women towards school- going children’s
nutrition was the main focus of the study.
Capacity development is the process of
strengthening the abilities of individuals,
organizations and societies to make
effective use of the resources in order to
achieve their own goals on a sustainable
basis (UNDP, 2009). To measure need
for capacity strengthening of rural women
regarding post- harvest activities for selected
fruits and vegetables, Rahman and Begum
(2009) - suggested five aspects viz. a) need
for financial ability, b) need for decision
making ability, c) need for access to support
services, d) need for management skill,
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and e) need for physical facilities. Ahmed
(2007), Sharmin (2008) and Gazi (2009)
also reported similar aspects in measuring
capacity strengthening of rural women in
their respective studies. By analyzing these
earlier studies, the researcher selected four
broad dimensions of capacity strengthening
towards maintaining school going children’s
nutrition. These were:

1. Need for decision making ability

* Identification of nutritious food

+ Selection of nutritious food

* Processing of nutritious food

* Buying of food for consumption

+ Distribution of food and nutrition

* Preservation of food and nutrition
Need for access to support services
 Credit facilities

* Motivational video about nutrients
* Awareness program nutrition

¢ Information about nutritious food
» Development workers for advice
Need for management skill

* Knowledge on nutritional value

» Operational ability

 Time allocation for cooking

* Allocation of nutritious food items
* Nutritious food serving

Need for physical facilities

* Preservation facilities

* Processing equipment
 Uninterrupted supply of electricity
 Storage facilities

» Water and sanitation facilities

Thus, a total of 21 issues were selected
emphasizing the four broad dimensions of
need for capacity strengthening of women.
All the issues under each of the dimensions
were measured on a four-point rating scale.
Scores were assigned as 0, 1, 2 and 3 for
the responses like ‘no, ‘low’, ‘medium’ and
‘high’ need, respectively. The scores of
all issues of each dimension are added to
obtain the total score of a single dimension.
The scores of all the four dimensionsformed
the total score of their need for capacity
strengthening of rural women who could
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vary from 0 to 63, where O indicates no
need and 63 indicates high level of need.
In addition, for making the rank order of
each issue of four broad dimensions, the
responses were multiplied with the total
number of respondents (110) and thus, the
total score of an issue in rank order could
range from 0 to 330.

The coded data were put into the
computer for statistical analyses. The
SPSS computer program and MS Excel
was used for analyzing the data. Pearson’s
product moment correlation co-efficient (r)
was computed (Ray and Mandal, 2004)
to explore the relationship between need
for capacity strengthening of rural women
and their selected characteristics towards
maintaining school-going children’s
nutrition.

RESULTS AND DISCUSSION

Characteristics Profile of the Respondent
Rural Women

There were various characteristics of
the rural women that might influence their
extent of need for capacity strengthening
towards maintaining school going children’s
nutrition. In the present study, eleven
personal characteristics of the rural women
were selected which included age, year of
schooling, household size, household farm
size, annual family income, involvement
in local associations training exposure,
exposure of nutritional information and
household dietary diversity. The salient
features of the characteristics of the
respondents are presented in Table 1.

Age of the respondents ranged from 20
to 50 years with a mean of 36.66 years and
astandard deviation of 9.53 years. Based
on their age, the women were classified into
three categories as young (18-35), middle-
aged (36-55) and old (>55).

Data presented in the Table 1 revealed
that 52.7 percent of the respondents were
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young, 40.9 percent were middle-aged and
6.36 percent were found as old. Ahmed
(2007), Hoque (2011), Kowsari (2014)
and Nasrin (2015) found 68 percent, 50
percent, 54 percent and 51.2 percent as
middle-aged respondents, respectively. It
should be mentioned that women involved
in household food utilization were mostly
covered by the young and middle-aged
women. This seems logical, because it is
expected that the young and middle-aged
women were more active, energetic and
enthusiastic in performing their activities for
ensuring effective household food utilization.
It was observed from the research that
most of the young women were very much
enthusiastic to learn new things about
capacity strengthening towards maintaining
school going children’s nutrition and to
contribute more in these kinds of activities.

Thelevel of education of the respondents
ranged from 0 to 10 years of schooling
having a mean of 4.41 years and a standard
deviation of 3.25 years. On the basis of
their level of education, the women were
classified into four categories as illiterate (0),
primary (1- 5), secondary (6-10) and higher
secondary (>10) presented in Table 1. Farm
size influences both access to technology
adoption and increase innovation capacity
towards farm machinery (Lashgarara et al.,
2012). Table 1 also reveals that average
farm size of the respondent farmers was
0.7 ha and average annual family income
73,000 BDT. As family income is the key
factor in the process of innovation capacity
and adoption of new farm machinery. It is
imperative to take necessary decisions
towards innovation and adoption capacity
apply machinery to the farm (Wang et al.,
2008).

About 71.4 percent of the women were
literate. It was quite logical, because most
of the respondents were young and middle-
aged and education was generally correlated
with age. So, most of the respondents
were literate. It might help improve their
knowledge on capacity strengthening
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Table 1. Socioeconomic characteristics of
the respondents.

Respondent

Characteristics c ) No % Mean SD*
ategories
Young (18-35) 58 52.7
Age (Years)  Middle aged (36-55) 45 409 36.66 9.53
old (> 55) 7 6.36
llliterate (0) 31 282
Years of Primary (1-5) 42 382
schooling 4.41 3.25
(Years) Secondary (6-10) 36 327
Above secondary (>10) 1 0.9
Household Small (2- 4) 37 36.6
size (No. of ~ Medium (5-6) 65 591 522 164
farmers) | arge (>7) 8 73
Landless (0.002-0.02) 2 182
Marginal (0.021-0.2) 39 3544
Household g (0.21-0.99) 53 482 065 1.6
farm size (ha)
Medium (1.0-3.0) 16 145
Large (>3.0) 0 0
Annual family Low (<80) 52 47.3
income (‘000" Medium (81-150) 45 409 98.73 54.39
k) High (>150) 13 1.8
No (0) 62 56.36
Involvement Low (<2) 39 3545
i ow (= .
in local 099 142
associations  noderate (2-4) 6 545
(Years)
High (>4) 3 274
No (0) 35 318
Training Short ( 1- 3) 59 53.64
exposure 1.2 1.45
(Days) Medium (4-7) 5 456
Long (>7) 110
No (0) 5 454
Exposura to Low (up to 10) 57 51.82
iti ow (up to .
nutritional p 773 343
information  noderate (11-20) 48 4364
(Scale score)
High (above 20) 0 0

*SD = Standard Deviation; *BDT = Bangladeshi Taka

towards maintaining school going children’s
nutrition. Rahman and Begum (2009),
Hoque (2011), and Nasrin (2015) found
50 percent, 34 percent, 40 percent and 30
percent of the respondents had secondary
level of education in their respective studies.
Education is one of the basic needs of human
life. It helps individuals become conscious
of their surroundings and develop logical
insight into many affairs of daily life. It also
broadens outlook of individuals and leads
them to explore new ideas to overcome
many unwanted situation. It is assumed
that women having higher education are
more progressive and innovative than those
of illiterate. They could perform better in
managing capacity strengthening towards
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maintaining school going children’s nutrition
and also could contribute many more than
those who have less education.

The household size of the respondents
ranged from 2 to 8 members, with a mean
of 5.19 and a standard deviation of 1.7.
On the basis of their household size, the
respondents were classified into three
categories as small (2-4), medium (5-6) and
large (>7) as shown in Table 4.1. Similar
categorizations were followed by Mandal
(2011), Billah (2013), and Nasrin (2015).
Result showed that among the respondents
36.6 had small sized, 59.1 percent had
medium sized and 7.3 had large sized
family. Data revealed that the most of the
respondents (59.1 percent) had medium
sized family. Islam (2019), Hoque (2011),
and Nasrin (2015) found 53.33 percent,
53.85 percent, 56 percent and 48.8 percent
respondents had medium sized household
respectively. It should be mentioned that
almost all of the respondents had small
and medium sized family. Additional family
related information of the respondent
women were investigated and presented in
Table 1. The table indicates that in average
every family has one school going (pre-
primary and primary) children. It is also
shown that average number of non-school
going children is very low in the study
area. Thus, it is infers that the school going
children’s percentage is relatively higher
in the study area. This is a common trend
as large households are breaking down
into small household. It is assumed that
the respondents having small and medium
household likely to play more contribution in
capacity strengthening towards maintaining
school going children’s nutrition.

Farm size of the rural women’s
household was measured in terms of
hectare. Farm size of the women ranged
from 0.02 to 1 hectare, with a mean of
0.65 hectares and a standard deviation
of 1.6 hectares. On the basis of their farm
size, the respondents were classified into
five categories following the classification
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of DAE (1999) such as landless (<0.02),
marginal (0.021-0.20) and small (0.21-1.0).
Distribution of the respondents according to
their farm size has been shown in Table 1.
Data presented that the highest proportion
of the rural women (48.2percent) had small
farm size, 35.44 percent had marginal, 14.5
percent had medium and 1.82 percent were
landless respectively and there were no
large farm sized women in the study area.
The findings indicated that majority (about
83.6 percent) of the women had marginal
to small sized farm. Almost similar findings
were found by Rahman and Begum (2009),
Hossain (2013), and Nasrin (2015) in their
respective studies. The findings indicated
that most of the respondents had marginal
household farm size. This is a general
trend in Bangladesh that farm size of the
people is being decreased day by day due
to land fragmentation from generation to
generation.

The family income of the respondents
ranged from Tk. 15 to 375 thousand, with
a mean of 98.73 thousand and a standard
deviation of 54.39 thousand. On the basis of
their annual family income, the respondents
were classified into three categories such as
low (£80), medium (81-150) and high (>150)
income. Distribution of the respondents
according to their annual household
income has been shown in Table 4.1. Data
presented that the highest proportion of
the rural women (47.3 percent) was in
low income category, while 40.9 percent
and 11.8 percent of them were in medium
and high income category, respectively.
Hossain (2013), Nasrin (2015) and Khalak
(2016) found 75 percent, 52 percent, 70
percent and 53.3 percent medium annual
household income respectively in their
studies. Results revealed that most (88
percent) of the respondents had low to
medium annual family income which had
positive relationship with household farm
size. Since most of the respondents had
small to marginal household farm size,
less number of earning member in 58 the
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family and did not operate new technologies
and other income generating activities, the
annual income tended to be medium to low.

Involvement in local association score
of the respondents ranged from 0-4 with a
mean of .99and a standard deviation of 1.42
(Table 1). On the basis of local association
score, the respondents were divided into
four categories as No (0), low (£2), moderate
(2-4) and High (>4). Data revealed that most
of the respondents (56.36 percent) had no
involvement while 35.45 percent and 5.45
percent had low and moderate involvement
and only 2.74 percent had high involvement
in different association. Ahmed (2007),
Sharmin (2008) and Rahman and Begum
(2009) observed almost similar findings
in their respective studies. They found 79
percent, 50 percent and 92 percent less
involvement in association respectively.
Most of the respondents were involved
with less number of an association for
less number of years. It might be due to
women being normally less affiliated with
associations than that of men.

Training exposure score of the
respondents ranged from 1 to 30 days with a
mean of 1.2 days and a standard deviation of
1.45 days (Table 1). On the basis of training
exposure, the respondents were divided
into three categories as short-term (1-3),
mid-term (4-7) and long-term (>7). Findings
showed that majority of the women (53.64
percent) had short-term training exposure,
while 4.56 percent having mid-term and 10
percent having long-term training exposure.
Ahmed (2007) found similar findings in
her study. Training exposure was directly
related to organizational affiliation which
reflected in the present research. Most
of the respondents had less participation
in different organizations and hence their
training exposure was alsolow. Thoughthese
training were helpful for their improvement,
they were not functionally active to income
generating activities because of insufficient
and high interest credit.
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Exposure to information score of the
respondents ranged from 0 to 24 against
a possible range of 0 to 45, with a mean
of 7.73 and a standard deviation 3.43. On
the basis of their exposure to information,
the respondents were classified into four
categories No (0), low (up to 10), moderate
(11-20) and high (>20) contact. Distribution
of the respondents according to their
exposure to information has been shown
in Table 1. It was found that 51.82 percent
of the respondents had low exposure of
information, while 43.64 percent and 4.54
percent had moderate and no exposure
information. None of the respondents had
high exposure information. Rahman (2010)
and Nasrin (2015) also reported almost
similar findings in their respective studies.
They found 76 percent and 93.8 percent
respectively. Exposure to information is a
very effective source of receiving information
about new and modern technologies. The
findings clearly showed that most of the rural
women had low exposure to information
which was an indication of inadequate
extension service to that community.

Household Dietary Diversity

The information on dietary diversity
was collected using a qualitative 24-hour
recall at individual level of all the foods and
drinks consumed by the respondent in the
previous day, inside and outside the home
for calculating household dietary diversity
in Lama. The data collected with the dietary
diversity questionnaire was analyzed to
calculate dietary diversity score. While
calculating the average dietary diversity

score, the proportion of respondents
consumed individual food groups of
interest were also calculated. Information

on consumption of individual food groups
was also calculated to investigate dietary
patterns by quintile of the dietary diversity
score (terciles) has been shown in Figure
2. The percent households consuming each
food group are normally used as a one-time
measure or for on-going monitoring. The
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study included 110 households in Lama and
the distribution of the households consumed
each food group by any member in last 24
hours is presented in Figure 2.

120

100

Fig. 2. Distribution of respondents (%) to
household dietary diversity.

Figure 2 shows all the respondent
sate cereals as a source of carbohydrates.
Vegetables and fruits groups were the
next predominant food groups from where
nearly two thirds of the total respondents
included items to their diet. More than
half of the households consumed eggs
and fish/other sea-foods food groups. The
proportion of respondents who eat meat
and legumes/nuts, milk/milk products, oils/
fats food groups were only 23%, 18%, 32%
respectively. Besides cereals, white tubers,
and nuts remained as the partial source of
energy for slightly above of one third of the
total respondents (35%). However, a large
majority of the households (79%) consumed
spices/condiments/ beverages food group
as a taste enhancer of their diet.

Role Played by Rural Women in
Maintaining School-Going Children’s
Nutrition

Good nutrition can help reduce the
risk of some diseases, including heart
disease, diabetes, stroke, some cancers,
and osteoporosis. Food insecurity at the
household level constricts the opportunities
that an education can provide. In a nutshell,
children from poorandfood-insecure families
face significant constraints in going to school,
continuing schooling and learning in school.
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Maintaining school going children’s nutrition
promote educational outcomes by enabling
more children to attend class consistently
and improving children’s ability to learn
once they are there. Existing role played by
rural women in maintaining nutrition may
include health and nutrition improvements
and local economic development along with
educational outcomes.

Anyway, the mountainous women
played their great roles in both production
and utilization of food for the households
and especially school-going children. Their
contribution were regarding in main areas
of food production and preparation, food
preservation, water quality maintenance
and sanitization, and household food
distribution. The major roles played by the
women for household nutrition were as
follows:

1. Growing vegetables in main land and
homestead

2. Growing vegetables in homestead
year-round to meet household
nutrition

3. Helps husband to select appropriate
vegetables for year-round cultivation

4. Discarding the disease affected parts
of raw materials before cooking

5. Selection of nutritious food material
for cooking

6. Measuring and allocating nutritional
food material as per body requirement
of the household members, especially
for the school-going children

7. Cleaning/washing food materials
before cutting/preparing raw materials
for cooking

8. Using lid on pots or cover the of food
materials to keep them safe

9. Preserving food through heating

10. Food preservation in fridge

11. Using clean, tube-well

drinking and cooking

Instructing/practicing  school-going

children for washing hands with soap

after using latrine

Instructing to use sanitary latrine by

water for

12.

13.

ISSN: 2782-8816 December 2021
the children
14. Cleaning  kitchen, home and

homestead to keep food hygienic

Using water after boiling when tube

well water is not available

16. Contacting  health  workers to
know about nutrition, hygiene and
sanitation for the children and the
overall household members

15.

In conclusion, it can be said the
women in mountainous villages play a
great role to maintain nutrition of school-
going children of them. Studies of Nasrin
(2015) and Fariha (2018) revealed similar
findings in their studies on related issues.
But the remoteness of housing areas from
the school and farming land, uneven and
poor road communication, poverty, lack of
irrigation waters in summer/winter, lacking
in knowing about nutrition etc. hindered their
role to be played appropriately. They need
support and services from the concerned
agencies in the mountain areas to keep up
their household nutrition in general.

The Need for Capacity Strengthening

The capacity strengthening of rural
women towards maintaining school going
children’s nutrition was defined as the extent
to which they have the need for accessibility
to physical, managerial, support services as
well as the ability to make decision about
maintaining nutrition. Need for capacity
strengthening of rural women was the focus
variable of the present study. Four aspects
of capacity strengthening were selected to
measure need for capacity strengthening
of rural women. The findings have been
interpreted in the following subsections.

Overall need for capacity strengthening
of Rural Women

The need for capacity strengthening
of rural women was assessed in terms of
score. Possible need score could range
from 0 to 63, while observed score ranged
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from 16 to 61. The mean score is 38.81 with
a standard deviation of 10.66. Based on the
need score the respondents were classified
into three categories as shown in Table 2.

Table 2. Overall need for capacity
strengthening of rural women

(n=110). Possible score=0-63
and observed score=16-61.
Categories of Respondents M Std.
need ean Dev.
No % )
Low (£21) 0 0
Medium (25-41) 0 0 38.81  10.66
High (>45) 110 100

Almost 65% of the respondents was in
high need for decision making ability with a
mean of 11.36 and a standard deviation of
2.84. This was logical because the aspects
of decision making ability like identification
of nutritious food, selection of nutritious food,
processing of nutritious food, buying
of food for consumption, distribution of
food and nutrition, preservation of food
and nutrition were explored in the present
study area but these were not atsatisfactory
level. These issues were actually connected
capacity strengthening in  maintaining
school going children’s nutrition that's why

Table 3. Aspect-wise need for capacity
strengthening.

Data presentedin Table 2 shows that 100
percent of the respondents had high extent
of need for capacity strengthening. While
collecting the data, it was observed in the
study area that there was scarcity of different
facilities e.g. physical, support services,
managerial and ability to make decision
regarding strengthening of nutrition and
even a little facility was available but those
were not easily accessible form for the rural
women. Thus, the respondents logically felt
high need for their capacity strengthening
towards maintaining school going children’s
nutrition. Having similar socio-economic
background, the women included in the
sample expressed similar opinion for their
need for capacity development. Hence, they
all fell under same category of need for their
development. Ahmed (2007) and Rahman
and Begum (2009) also showed similar
outcomes in their respective studies.

Aspects-wise Need for
Strengthening of Rural Women

Capacity

Four aspects of capacity strengthening
were selected to assess the extent of
need for capacity strengthening towards
maintaining school going children’s nutrition.
The computed need score of all the aspects
have been shown in Table 3.
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Possible
score
(Observed
score)

Respondents
Aspects of

need Sb

Mean

Categories No

Low (<6) 11

Decision

making (gjg) Medium(7-11) 28 2545 11.36 2.84
Ability
High(>11) 71 6455
Low (s5) 0 0
Access to 0-15 )
support (6-15) Medium(6-10) 59 53.64 10.19 203
services
High(>10) 51  46.36
Low (s5) 7 6.36
Management 0-15 .
Skill (3-15) Medium(6-10) 67 60.91 952 298
High(>10) 36 3273
Low (<5) 27 2454
Physical 0-15 .
facilities (2-15) Medium(6-10) 58 5273 7.74 281
High(>10) 25 22.73

women felt high need for that aspect in
the study area. Second highest proportion
(60.91 percent) of the respondents was in
high need for management skill.

Management  skill ~was  directly
associated with proper utilization of
household food. If their existing skill

increased, they would contribute effectively.
The third and fourth highest proportion
followed by 53.64 percent access to
support services and 52.73 percent need
for physical facilities respectively. It seems
normal that women did not have low need
for any aspects of capacity strengthening.
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Thus, it was a simple analogy that the
components available in low quantity would
be felt as high need components.

224.2
084

170.2

150
100

0

Heed for decinonnead for aceess bo Heed for
makmgability  support service mansgerment kll

HMeead for physical
facilibees

Fig. 3. Comparison of different aspects of
need for capacity strengthening.

Figure 3 shows that the highest need
score (224.2) of the respondents was in
access to support services followed by
access tomanagementskill (208.8), decision
making ability (208), respectively and the
lowest need (170.2) of the respondents
was in physical facilities.It might be worthy
to mention that the differences among the
aspects of capacity strengthening in respect
of need felt by the respondents were small.
Therefore, the rural women felt more or less
same need for all the aspects of capacity
strengthening towards maintaining school
going children’s nutrition.

Rank Order of the Issues of Need for
Capacity Strengthening of Women

Different issues associated with need
for capacity strengthening of women has
been examined by computing rank order
through score are shown in Table 4. Data
presented that score of the issue associated
with need for capacity strengthening of
women ranged from 0 to 255 against a
possible range 0 to 330. The value of score
of twelve issues exceeded 200 and eight
issues exceeded 150, the value of one
issue is below150.However, top one issue
in each four aspects of need for capacity
strengthening of rural women have been
discussed here. Preservation of food and
nutrition (239) shows higher score in need
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for decision making ability. In most cases
women take decision about how to preserve
their food and nutrition. But they were not in
satisfactory level that is why they felt high
need for decision making about preservation
of food.

Awareness program on nutrition (255)
scores high in need for access to support
services. Rural women felt high need
in awareness program on nutrition.This
issue is completely involved with effective
maintaining of nutrition. It was observed
in the study that awareness program on
nutrition was not in a good condition. This
condition should be improved and this is
why women felt high need of awareness
program on nutrition and they can contribute
a lot.

Knowledge on nutritional value shows
high score (227) in need for management
skill which is an important issue in this
regard. Respondents in the study area
have fair knowledge on different aspects in
maintaining nutrition. They were interested
about learning new things but they did
not get proper support. Thus, they felt
high need about knowledge on nutritional
value. Finally, water and sanitation facilities
showed a high score (198), in need for
physical facilities. It was an important issue
in maintaining nutrition. Need for water and
sanitization facilities also appeared as an
important physical facility. However, there is
a huge crisis of water and sanitary facilities
in remote hilly areas.

Relationship between the Selected
Characteristics of Rural Women and
their Need for Capacity Strengthening

Among nine characteristics, the years
of schooling, annual family income, training
exposure, and household dietary diversity of
the rural women were positively correlated
with the need for capacity strengthening in
maintaining school going children’s nutrition.
Other characteristics of the rural women
were not significantly correlated with the
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Table 4. Ranking of the issues of need for

capacity strengthening of the
respondents.
Issues Score Rank
Need for decision making ability
Preservation of food and nutrition 239 1
Processing of nutritious food 219 2
Identification of nutritious food 219 2
Selection of nutritious food 201 3
Distribution of food and nutrition 193 4
Buying of food for consumption 177 5
Need for access to support services
Awareness program on nutrition 255 1
Development workers for advice 239 2
Information about nutritious food 227 3
Motivational video about nutrients 224 4
Credit facilities 176 5
Need for management skill
Knowledge on nutritional value 227 1
Allocation of nutritious food items 214 2
Nutritious food serving 209 3
Operational ability 202 4
Time allocation for cooking 192 5
Need for physical facilities
Water and sanitation facilities 198 1
Uninterrupted supply of electricity 197 2
Processing equipment 168 3
Storage facilities 158 4
Preservation facilities 130 5

need for capacity strengthening maintaining
school going children’s nutrition (Table 5).

So, from these it can be said that
with the increase of these characteristics
their need for capacity strengthening
maintaining school going children’s nutrition
also increases. Patilkhede et al. (2016)
and Khalak (2016) found almost similar
relationships in their respective studies.
This indicated that the educated women
had more information seeking behavior
about the programs that were related to
training, skill development, maintaining
and strengthening competencies of women
which, therefore, contributed to their
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increase in the level of need for capacity
strengthening in maintaining school going
children’s nutrition.

Table 5. Relationship between the
characteristics of the rural women

and need for capacity
strengthening.
.. Correlation
Per;otgzl I:::_:Ir?:v:;?‘:'esl:'cs Coefficient (r) with
108 df
Age -0.004
Years of schooling 0.208*
Household size -0.013
Household farm size -0.076
Annual household income 0.202*
Training exposure 0.328**
_Exposur_e to nutritional 0.037
information
Involvgn’_lent in local 0.030
association
Household dietary diversity 0.240*
CONCLUSIONS

The remoteness of housing areas from
the school and farm land, uneven and
poor road communication, poverty, lack of
irrigation waters in summer/winter, lacking
in knowing about nutrition etc. hindered
their role to be played appropriately.
Concerned GOs and NGOs may conduct
training and awareness programs, provide
supports according to need of rural women

for increasing their operational ability
in maintaining school-going children’s
nutrition.

All of the respondents felt high need for
capacity strengthening to maintain school
going children’s nutrition. The felt needs for
capacity escalation mustbe fulfilled toensure
better involvement of women maintaining
school going children’s nutrition. But it is
not an easy task alone for government to
discharge the responsibilities. Government
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organizations like Department of Agricultural
Extension, Ministry of Health and other
Non-Government Organizations like BRAC,
Helen Keller, GRAMEEN BANK may take
proper initiative to provide motivational
video, information about nutritious food,
periodical campaign on food safety issue to
the women so that they can strengthen their
capacity.

Years of schooling, annual family
income, training exposure, and household
dietary diversity of the were some of
the personal characteristics of the rural
women found to be significantly linked to
their felt need for capacity strengthening
towards maintaining school going children’s
nutrition. In formulating any action plan for
the women regarding such activities, at
least these variables might be considered
on priority basis.
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