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The earthly green is the color most associated with nature and its
bounties. This is also where the leaf-inspired gems take their
inspiration from. The toils of agriculture have long reaped results,
from milestones in harvesting and food production to significant
developments in procedure and emerging technologies. It is
through research and scientific breakthroughs that the agricultural
sector is overcoming the challenges facing it. These research
studies sought to analyze, determine, and test various methods that
can provide increased insight into agricultural research and
development.
These studies also fall under the Aquatic, Agriculture, and Natural
Resources (AANR) Research and Development Agenda. They are
in line with the goal of developing improved and sustainable
agricultural management.
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Abstract
Humic acid (HA), a plant growth stimulator, has not yet established its
credibility despite being utilized for several decades in agriculture.
Therefore, this study determined the effect of HA and its combined effect
with inorganic fertilizer on the growth and yield of I. reptans. In each of the
two sites, four plots replicated thrice were constructed with three treatment
groups - T0B (HA only), T1 (inorganic fertilizer only), and T2 (HA +
inorganic fertilizer) - and one control group (T0A, soil only). The plant
height and stem diameter of ten randomly chosen plants were measured
every 7 days for 21 days while the crop yield was determined 35 days after
sowing. From the analysis, significant differences were found in only one
of the two sites. Results showed that the treatment with HA only was
significantly higher in plant height and crop yield. Data from this study
contributes to the current knowledge of crop production for local farmers
and the agricultural community.

Introduction. - Agriculture is an essential part of
the Philippine economy as it involves 22.9% of
Filipino workers and contributes about 9.2% of the
gross domestic product as of 2019. However, there is
a decrease in crop production of 0.7% in 2018 and 1.0%
in 2019 compared to the years preceding them [1]. To
address this, researchers have studied the many
factors affecting plant growth and productivity,
mainly the effects of nutrient composition [2].
Different fertilizers with varying concentrations of
nutrients, mainly nitrogen, phosphorus, and
potassium, supply plants with the nutrients necessary
for their growth. In addition, the increasing amounts
of fertilizer increase plant growth, and there are
optimal concentrations of these nutrients for
optimizing the growth of certain plants [3]. Aside
from these nutrients, plant growth simulators such as
humic substances have been studied on their positive
effects on plant growth and yield.
Humic substances (HSs) are the brown to black,
fully decomposed remains of plant or animal organic
matter that compose about 80% of organic matter in
dark soils [4]. These substances arise from the
physical,
chemical,
and
microbiological
transformation of biomolecules, and can be divided
into three components: fulvic acids (FAs), humic acids
(HAs), and humin [5]. Due to their molecular
structure, HSs provide numerous benefits to crop
production as they help break up clay and compacted
soils, assist in transferring micronutrients from the
soil to the plant, enhance water retention, increase
seed germination rates and penetration, and stimulate
the development of microflora populations in soils
[6].

Humic substances have been established to also
facilitate plant growth and yield as they increase
nutrient availability and improve the physical
structure of the soil [7, 8]. These substances also have
a role in plant metabolism as they contain growthtriggering hormones such as auxin and gibberellins
[9]. These hormones promote cell elongation which
mainly affects plant height and the development of
plant roots [10]. Furthermore, HA has been shown to
increase macronutrient and micronutrient uptake of
plants [11].
In the Philippines, one of the commonly-used
agricultural plants is upland kangkong, also known as
Ipomoea reptans, which is one of the most cultivated
leafy vegetables in Southeast Asia [12]. Although being
primarily used for human consumption, I. reptans is
also considered a common medicinal plant in some
Southeast Asian countries, having purgative, antiinflammatory, hypolipidemic, antidiabetic, diuretic,
antiepileptic, and antimicrobial properties [13].
However, in the Philippines, the growth and yield
potential of I. reptans has not yet been fully exploited
due to the inadequate use of inputs and lack of
information on its production [14], which includes the
utilization of humic substances among others. Given
these conditions, it is necessary to utilize HA in
fertilizers and determine whether it improves the
growth of I. reptans. It is hypothesized that combining
HA with fertilizers will improve I. reptans growth and
yield as HA increases nutrient uptake and
photosynthesis and respiration rates of plants [8].
This study focused on the effect of HA and its
combined effect with inorganic fertilizer on the
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growth and yield of I. reptans. Data from this research
can be used to establish the credibility of HA
utilization in agriculture, and contribute to the
knowledge of the production of I. reptans species for
local farmers.
This research aims to determine the effect of HA
and additionally its combined effect with inorganic
fertilizer on the growth and yield of I. reptans.
Specifically, it aimed to:
(i) measure the plant height (cm), stem diameter
(cm), and yield (kg/ha) of I. reptans. treated
without HA (control; T0A), with HA alone (T0B),
without HA but with inorganic fertilizer (T1), and
treated with combined HA and inorganic
fertilizer (T2);
(ii) determine whether using HA improves
growth and yield of I. reptans by comparing the
means of each parameter per treatment group
using One-Way ANOVA;
(iii) determine which among the treatment
groups is best used for I. reptans. production.
Methods. - The methodology is divided into six
(6)
parts:
plot
preparation
and
seed
sowing, randomization, watering and monitoring,
treatment application, measuring of parameters, and
statistical analysis.
Research sites.
The two (2) set-ups were done in
Barangay Buray, Oton, Iloilo (10° 42' 12'' N 122° 28' 6''
E) which has soil classified in the Santa Rita soil series
[15] and Barangay Balabag, Malay, Aklan (11° 58’ 0” N
121° 55’ 39” E) using the same soil series. The locations
were chosen due to their proximity to the residences
of the researchers for easy monitoring. The data was
gathered for 35 days. The research conducted in Oton
lasted from January 12, 2021, to February 16, 2021,
while the one conducted in Malay lasted from January
19, 2021, to February 25, 2021.
Plot Preparation and Seed Sowing.
A plot had
dimensions of 30 cm by 40 cm. Before sowing the
seeds, the soil was tilled up to 15 cm deep while it was
moist. Six (6) planting holes were placed in each plot
with three (3) seeds in each planting hole, 1centimeter deep into the soil [12], which amounted to
a total of 18 seeds per unit plot. Commercially
available I. reptans seeds were used.
Randomization.
The replicates and plots were
laid out in a randomized complete block design. Each
replicate was randomized separately (RCBD) [16, 17].
The 18 plants in each plot were labeled from 1 to 18
respectively. A random number generator from 1 to
18 was used to generate 10 random numbers in each
plot to determine which plants were measured. The
same selected plants that were measured remained
constant throughout the weekly data gathering
process.
Watering and Monitoring.
The treatment plots
were monitored daily. They were watered once at
17:00 with a volume of 500 mL of tap water per plot
[18]. The plants were not watered if the surface of the

soil is moist to the touch and the soil was also weeded
when necessary. A screen was also constructed to
protect the plants from any damage from pests.
Treatment Application.
Two (2) set-ups were
made simultaneously, each having three (3) treatment
groups and one (1) control group. The treatments
evaluated are as follows — T0B: soil applied with HA;
T1: inorganic fertilizer + soil; T2: inorganic fertilizer +
HA +soil. On the other hand, the control group that
was evaluated was T0A: soil only. For the inorganic
fertilizer, 250 kg/ha of urea fertilizer (46% N) was
applied 7, 14, 21, and 28 DAS [19]. Five hundred (500)
mL of 0.1% (1 g/L) solution of HA was applied in the
plot every 14 days [20]. POWHUMUS® WSG 85 was
used for the HA, derived as potassium humate,
manufactured by HuminTech and contains 68-73%
total humic acids [20]. The instructions indicated on
the product packaging were the basis for the
concentrations used in the study. Ramgo Plant
Nutrition: Urea Fertilizer by Ramgo International
Corporation was used for the inorganic fertilizer.
Measuring of parameters.
The plant height and
stem diameter were measured every seven (7) days
starting at 14 DAS until 35 DAS and were recorded in
centimeters (cm). The plant height was measured in
cm from the ground level to the tip of the highest
growing point using a ruler with ± 0.1 cm accuracy
[21]. On the other hand, the stem diameter was
measured in cm at the ground level at the base of the
plant using a Vernier caliper with ± 0.05 cm accuracy
[21]. The crop yield was determined by measuring the
fresh weight in grams (g) using a top-loading balance
with an accuracy of ±0.01g. The measured weight was
then used in the formula below to determine the crop
yield in kilograms per hectare (kg/ha) [22].
𝑐𝑟𝑜𝑝 𝑦𝑖𝑒𝑙𝑑 (

𝑘𝑔
𝑦𝑖𝑒𝑙𝑑/𝑝𝑙𝑜𝑡 (𝑖𝑛 𝑔) × 108 𝑐𝑚2
)=
ℎ𝑎
1200 𝑐𝑚2 × 1000

Statistical analysis.
The raw data collected was
subjected to analysis using One-way Analysis of
Variance (ANOVA) at 95% confidence level (ɑ=0.05)
using Microsoft Excel 365. It was done on groups of
the same time point. The Least Significant Difference
post-hoc analysis was then made to determine which
groups exist a significant difference.
Safety Procedure.
The wearing of proper
gardening attire was observed during the conduct of
the study. The chemicals used were also stored and
sealed properly in a glass bottle and a copy of the
chemical’s MSDS was also kept at all times.
Results and Discussion. - Means of the gathered
data were statistically analyzed using one-way
ANOVA, and subjected to the Least Significant
Difference (LSD) test as post-hoc analysis.
Kangkong in Oton site vs in Malay site. Significant
differences were found in the three parameters—
plant height, stem diameter, and crop yield—
specifically at 28 and 35 DAS at the Oton site.
However, no significant differences (p ≤ 0.05) among
treatments were found in all three parameters within
five weeks of cultivation at the Malay site.
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The varied set of data gathered from the Malay
site may be attributed to the different microclimate
parameters present in the areas during the duration
of the experiment [23]. Considering that the two sites
belong to two different climate types classified by
PAGASA, this seems to be the case.
With this, the results that will be presented in this
study are purely from the Oton site.
Plant height. Results showed that the plant height
means of the treatments at 28 and 35 days after sowing
(DAS) are significantly different (p ≤ 0.05).
As seen in Figure 1, at 28 DAS, the mean plant
height of the I. reptans treated with 0.1% HA (T0B =
23.40 cm) was significantly higher than those of other
treatments ─ T0A (19.82 cm), T1 (19.69 cm), and T2
(18.38 cm). At 35 DAS, the mean plant height of the I.
reptans treated with 0.1% HA (T0B = 38.24 cm) was also
significantly higher than those of other treatments ─
T0A (30.73 cm), T1 (28.94 cm), and T2 (31.28 cm).

Figure 2. Mean stem diameter (in cm) of I. reptans under
different treatments in the Oton site.

It can be speculated that there may be an
insufficient concentration of Ca2+ ions in the soil
that HA can keep in a dissolved state [29] and can be
absorbed by the plant. This is because Ca2+ plays an
important role in strengthening plant stems by
forming bonds with pectin compounds in plants
which are important for plant tissue rigidity and
integrity resulting in thicker and stronger stems [30].
Another reason could be because of how cell
elongation works which is facilitated by HA. Cell
elongation is defined as cells expanding in one
dimension to elongate cells and organs [31]. Since the
auxins activated by HA induce cell elongation [10]
rather than expansion (in all three dimensions), the
stem diameter of the plants cannot significantly
increase.

Figure 1. Mean plant height (in cm) of I. reptans under
different treatments in the Oton site.

This indicates that there was a rise in nitrogen
uptake [24]. Nitrogen boosts the growth of plants by
stimulating height growth [25]. This may also be
attributed to the hormones found in humic
substances like auxins and gibberellins, as well as
compounds such as amino acids, indole acetic acid,
etc. [9][26]. The activation of auxin caused by the HA
can induce cell elongation [10][27]. Cell elongation is
an obligatory component of plant growth as it refers
to the irreversible, rapid, and manifold increase in cell
size and volume. It occurs in axial organs, such as
stems and roots, wherein cells are elongated
predominantly by cell wall growth on the cell lateral
sides, resulting in the increase in plant height as plant
morphogenesis depends on it [28].
Stem diameter.
The One-way ANOVA showed
that the stem diameter means of the different
treatments were not significantly different (p ≤ 0.05)
as seen in Figure 2.

Crop yield.
One-way ANOVA showed that the
crop yield means (in kg/ha) of the different
treatments are significantly different (p ≤ 0.05).
The mean crop yield (kg/ha) of the I. reptans treated
with 0.1% HA (T0B = 6738.90) was significantly higher
(p ≤ 0.05) than those of other treatments ─ T0A
(4872.20 kg/ha), T1 (4711.10 kg/ha), and T2 (3616.67
kg/ha) (Figure 3). This indicates that the treatment
with 0.1% HA (T0B) improves crop yield the most
among other treatments.

Figure 3. Mean crop yield (in kg/ha) of I. reptans under
different treatments in the Oton site.

This increase in crop yield is attributed to the
aforementioned
growth-promoting
hormones,
auxins and gibberellins, which also play a role in the
development of plant roots [32]. Increased vegetative
growth and productivity are mainly due to the
hormone-like activities of HA as it is involved in cell
respiration, oxidative phosphorylation, protein
synthesis, photosynthesis, antioxidants, and various
enzymatic reactions [28]. The influence of HA is also
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found in the development of plant roots, thus
increasing plant production [24].
Optimal treatment for I. reptans growth and
production.
Among the four treatments, T0B (soil
applied with 0.1% HA) was the best treatment for I.
reptans growth and production. Despite not having a
notable impact on stem diameter, the treatment
yielded positive significant effects on plant height and
crop yield. Given that these parameters indicate the
quality of plant growth and production, it can be
deduced that the sole application of HA is the best
treatment for I. reptans.
This is in contrast however to the initial
hypothesis based on the studies conducted by
Sangeetha et al. [33] and Zhang et al. [9]. The positive
effects of HA and the positive effects of urea
separately may improve plant growth and yield when
both substances are used in combination. To
summarize, HA may contain auxin- and gibberellinlike substances or induce the activity of these to
promote cell elongation of axial organs such as stems
and roots. Urea provides nitrogen for the plant, as
nitrogen boosts the growth of plants by stimulating
height growth [34].
It is suspected that plant toxicity by NH4+ has
occurred due to an increase in soil pH, which
generally has adverse effects on higher plants
physiologically [35]. The toxicity of NH4+ depends
upon the substrate-solution concentration of NH3, the
un-ionized form of NH4+. Since NH3 increases as pH
increases, this makes NH4+ more toxic as the soil
becomes more acidic]. Furthermore, a decrease in
phosphorus (P) uptake and utilization as an effect of
an increase in soil pH due to urea fertilization can also
be the case. This has caused plants to use urea
inefficiently. Phosphorus (P) deficiency reduces plant
growth which is attributed to either decrease in
photosynthesis or an increase in energy investment
and negatively impacts crop yield and quality [35].
Limitations.
The data gathering was conducted
within 35 days in two sites with varying climate types
and weather conditions, which affected the plant
samples even with significant efforts to control the
effect of these factors. Although I. reptans can already
be harvested at this time, the difference in plant
growth and yield among treatments can be seen more
clearly within a longer timespan. Furthermore, due
to the unavailability of laboratory equipment, other
parameters such as nutrient uptake, soil moisture, and
other soil parameters were not measured.
Despite this, the findings of this study may aid
future research in improving the growth and
production methods of agricultural crops and in
establishing the credibility of humic substances in
agriculture.
Conclusion. - Significant differences were found
between groups in only one site at 95% confidence
level in mean plant height both at 28 and 35 DAS, and
mean crop yield. Meanwhile, no significant
differences were found in stem diameter means at all
seven-day intervals. Post-hoc analysis using Fisher’s
LSD test showed significant differences between T0A
and T0B, T1 and T0B, and T2 and T0B but none in

other pairs of treatments in terms of plant height and
crop yield. Thus, the sole application of HA produced
I. reptans with the tallest plant height and largest crop
yield among the treatments used.
Recommendations. - Results in this study can be
improved by replicating in an enclosed space more
suitable for plant growth to avoid the effects of
weather conditions and to prevent infiltration and
infestation of pests. Other treatments can be utilized
such as other types and levels of fertilizers and HA,
and the use of other humic substances such as
naturally extracted HA or substances. It is also
recommended to conduct the study with a larger
plant population and sample size for better
representation. Certain parameters such as the
number of leaves and branches, nutrient uptake, and
soil parameters can be evaluated and measured.
These parameters help determine their overall effect
on plant growth and measure the growth of the plant
itself. Replication of these types of studies on other
plant species may be done. The use of HA in
agriculture is recommended as it has positive results
on crop growth and yield.
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Abstract
Elevated salt concentration can be toxic to plant development.
Hydropriming can overcome this by increasing the seeds’ stress tolerance.
This study determined the effects of hydropriming on the germination of
Oryza sativa L. var. NSIC Rc 216, a widely used rice variety in the
Philippines, subjected to sodium chloride stress. Seeds were hydroprimed
for 12, 24, or 48 hours with unprimed rice seeds as control. Seeds were then
allowed to germinate for seven days and germination parameters were
recorded. Significant differences were recorded with the germination
energy percentage (GEP) and speed of germination means (SG). The 48hour treatment had significantly higher GEP and SG means when
compared to the control set-up; however, no significant differences were
recorded with the final germination percentage (FGP) and seedling vigor
index (SVI). In conclusion, hydropriming had effects on the germination
rate of rice under salt stress but not with its overall germination
performance.

Introduction. - Rice (Oryza sativa L.) is an
important staple food crop in the world and in the
Philippines, feeding half of the human population
[1].
However one of the major problems of the
agriculture industry is soil salinity. It affects the plant
at almost all of its growth stages and impacts the
germination and growth of plants [2]. Highly saline
environments can decrease the osmotic potential of
soil and make it toxic to seedlings [3]. The growth of
rice, in particular, can be negatively affected by
increased salt concentration that leads to the
reduction of several germination parameters such as
its final germination percentage (FGP), germination
energy percentage (GEP), and speed of germination
(SG) [4].
Hydropriming has been recommended to
address the effects of soil salinity [5,6,7]. It is a simple
method that only requires distilled water as the
priming medium for the seeds before sowing [8]. This
process enables the seeds to imbibe water which
facilitates the emergence of the seeds’ radicle [9,10].
With this, it has the potential to upregulate the
tolerance of plants from abiotic stresses by enhancing
seed germination, seedling growth, and development
[7,10].
Although there have been few studies on the
effect of hydropriming on the germination of O.
sativa L, under salt stress [11, 12, 13], there is limited
research on its effect on the variety NSIC Rc 216
subjected to elevated salinity levels.

NSIC Rc 216 rice variety has a wide adaptation
under different stresses presented by varying climates
across the country thus making it one of the most
popular rice varieties in the Philippines [14]. Although
it is considered versatile, it was classified as saltsensitive by Imai and Sevilla [15] which may lead to
poor germination and plant growth that can cause
yield losses during harvest if subjected to salt stress
during germination [4].
This study tested the efficacy of hydropriming in
counteracting salt stress in O. sativa L., variety NSIC
Rc 216, helping determine how generalizable is
hydropriming’s pro-germination effects to other rice
varieties.
More specifically, it aimed to:
(i) determine and calculate the number of
seedlings per day, the height of seedlings, and the
seed germination parameters: final germination
percentage
(FGP),
germination
energy
percentage (GEP), speed of germination (SG), and
seedling vigor index (SVI);
(ii)
determine
the
effects
of
different
hydropriming durations (12 hours, 24 hours, and
48 hours)
on the calculated germination
parameters of Oryza sativa L. variety NSIC Rc 216
under saline stress; and
(iii) compare and determine if there is a
significant difference among the treatments
using one-way analysis of variance (ANOVA) and
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Least Significant Difference (LSD) post-hoc
analysis using Rstudio and R programming
language.
Methods. - Rice seeds were hydroprimed at
varying durations (12, 24, or 48 hours) following a
completely randomized design (CRD), with unprimed
rice seeds as control, as seen in Table 1. They were
subsequently air-dried for three (3) hours, then they
were allowed to germinate in the prepared
germination media and chamber. After seven (7) days,
all the germination parameters were measured and
recorded. Statistical analysis was then performed.
Table 1. The different hydropriming duration, replicates, and
corresponding labels of the different set-ups used.

Hydropriming
duration
(hours)
12

24

48

0 (Control)

Growth period and conditions.
The Petri dishes
were then stored in a germination chamber with LED
tubes at a 12-hour light and 12-hour dark
photoperiodic cycle with the light intensity
maintained at 4000 lux during the light cycle [17]. The
seeds were then allowed to germinate for seven (7)
days.
Data collection and calculation. Germinated seeds
were counted every 24 hours at 6:00 AM, following
the procedure by the International Research Institute
(IRRI) where both plumule and radicle must be
present [18]. After the germination period, 15 sprouted
seedlings with the longest lengths (root+shoot) per
replicate per set-up were selected and their lengths
were recorded. The final germination percentage
(FGP), speed of germination (SG), germination energy
percentage (GEP), and seedling vigor index (SVI) were
then calculated using the following equations [4, 19]:

No. of seeds per
replicate

Replicates

50

3

𝐹𝐺𝑃 =

𝑁𝑜. 𝑜𝑓 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠 𝑜𝑛 𝑡ℎ𝑒 7𝑡ℎ 𝑑𝑎𝑦
× 100
𝑁𝑢𝑚𝑏𝑒𝑟

50

3

𝑆𝐺 =

𝑁𝑜. 𝑜𝑓 𝑔𝑒𝑟. 𝑠𝑒𝑒𝑑𝑠
𝑁𝑜. 𝑜𝑓 𝑔𝑒𝑟. 𝑠𝑒𝑒𝑑𝑠
+ ⋯+
𝐷𝑎𝑦𝑠 𝑜𝑓 𝑓𝑖𝑟𝑠𝑡 𝑐𝑜𝑢𝑛𝑡
𝐷𝑎𝑦𝑠 𝑜𝑓 𝑙𝑎𝑠𝑡 𝑐𝑜𝑢𝑛𝑡

50

3

50

3

Seed authentication, storage, and selection.
Rice
variety NSIC Rc 216 was acquired from the local
farmers at Oluangan, Leon, Iloilo, and authenticated
with the help of the Department of Agriculture at
Leon, Iloilo.
They were then stored in an airtight container at
room temperature until use. The seeds were tested for
moisture content to ensure seed viability. Seeds that
had moisture content of 14% or less were considered
viable, while the rest were discarded.
Seed hydropriming. Fifty (50) seeds per replicate
per treatment were selected. They were hydroprimed
for 0 (control), 12, 24, and 48 hours using distilled
water (Absolute Pure Distilled Drinking Water) with a
ratio of 5 mL of water for every 12 rice seeds. The
seeds were then air-dried for 3 hours and stored in
growing media for germination.
Growing media.
A total of 12 Petri dishes, with
three (3) layers of filter paper each, were used as
growing media. They were kept sealed during the
experiment to prevent moisture loss.
Saline stress simulation.
To induce salt stress, a
0.15 M saline solution was prepared using a technical
grade sodium chloride (NaCl) and distilled water. Ten
(10) mL of the prepared solution was then
administered evenly to each replicate of each
treatment after the hydroprimed and control seeds
were sowed on the growing media.
According to Chunthaburee et al. [16], a 0.15 M
salt concentration generally induces hyperosmotic
stress to rice seeds through ion imbalance.

𝐺𝐸𝑃 =

𝑁𝑜. 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑜𝑛 𝑡ℎ𝑒 𝑓𝑜𝑢𝑟𝑡ℎ 𝑑𝑎𝑦
𝑥 100
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠

𝑆𝑉𝐼 = 𝐹𝐺𝑃 × 𝑠𝑒𝑒𝑑𝑙𝑖𝑛𝑔 𝑙𝑒𝑛𝑔𝑡ℎ (𝑟𝑜𝑜𝑡 + 𝑠ℎ𝑜𝑜𝑡 )
Statistical analysis. One-way analysis of variance
(ANOVA) was conducted for each calculated
parameter of all treatments with a confidence interval
of 95% (⍺=0.05). Least Significant Difference (LSD)
post-hoc analysis was then performed using Rstudio
(version 1.4.1106, Open Source License).
Safety procedure. The safety data sheet (SDS) for
NaCl was secured and the hazards of handling were
considered beforehand. NaCl was disposed of in
chemical waste containers while the discarded seeds
were segregated properly. Proper protective
equipment was worn at all times while performing all
experimental procedures. All the procedures were
done at home to prevent COVID-19 infection.
Results and Discussion. - The study aimed to
determine the effects of hydropriming on the
germination of O. sativa L. var. NSIC Rc 216 under
NaCl stress.
After seven days, a germination lag was observed
with the control setup for two (2) days and both 12 and
24-hour setup for one (1) day. No germination lag has
been observed with the seeds hydroprimed for 48
hours.
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Figure 1. The calculated Final Germination Percentage (FGP)
and Germination Energy Percentage (GEP) for all the
experimental set-ups.

Final Germination Percentage and Germination
Energy Percentage.
The highest FGP mean was
recorded with the 12 hours of hydropriming of rice,
as seen in Figure 1; however, this was not significant
when compared to other treatments. The highest
recorded GEP mean, on the other hand, was with 24
and 48 hours of hydropriming, both having the same
value of 97.33% and were significantly different when
compared to the rest of the set-ups with a p-value of
0.03.

Speed of Germination. The highest SG mean was
recorded with the 48-hour hydroprimed seeds, as
seen in Figure 2. The SG also increased with longer
durations of treatment. This may be caused by the
jumpstart in germination through a series of
biological and physiological processes such as the
acceleration
of
the
emergence
phase
and
multiplication of radicle cells [11, 21, 22]. In the study
of Amooaghie [23], it was stated that the early
germination stage of plants was “from sowing to
seedling emergence” in which they are most
vulnerable to external conditions such as salt stress.
Hydropriming speeds up the germination process
through stimulatory effects through cell division
mediation and thus limits the exposure of the seeds to
the stressful conditions presented by the environment
[11, 24]. This was also in line with the findings of Kaya
et al. [9] in which hydropriming of Helianthus annuus
L. seeds resulted in the acceleration of germination
even in low osmotic potential (i.e. salt stress).

The values of both parameters (FGP and GEP)
may indicate that hydropriming affects the
germination of rice seeds at the earlier stages. This
was suggested by the significantly different values for
GEP which was a parameter calculated using the data
on the 4th day.
With that, seeds germinated faster when
hydroprimed at longer durations; however, after
some time, seeds hydroprimed at shorter durations
germinated as well. This may have caused the FGP
values, which was a parameter calculated on the 7th
day, to be non-significant.
This is in accordance with the results of Prasad
[20] in which GEP also increased with longer
durations of hydropriming, with the highest GEP
mean recorded with 28 hours of hydropriming. This
effect was attributed to the different biological
mechanisms triggered by hydropriming, such as the
release of enzymes that produce soluble food
nutrients for the seeds. This may have enabled the
seeds to germinate upon sowing [20].

Figure 2. The calculated Speed of Germination (SG) for all the
experimental set-ups.

Figure 3. The calculated Seedling Vigor Index (SVI) for all the
experimental set-ups.

Seedling Vigor Index.
The highest SVI was
recorded with 48-hour hydroprimed seeds, as seen in
Figure 3. The seedling vigor index increased with the
increasing duration of hydropriming; however, it was
determined that these values are not significant with
a p-value of 0.06. Similar to the FGP, the SVI was not
affected probably because the parameter was
recorded over a longer period and hydropriming may
have only affected the earlier germination stages of
rice seeds [24].
The study of Elyasirad et al. [25] had contrasting
findings to these results. The study observed that
hydropriming Ferula assa-foetida has a significant
effect on the germination parameters of the seeds,
including the SVI [25].
This may be explained by the positive effects of
saline content observed by previous studies. An
example of this is with Lutts et al. [13] which found out
that increased NaCl concentration of up to 50 mM,
caused proline accumulation of rice seedlings. This
proline accumulation may be responsible for
improving the germination of rice seeds by
counteracting the effects of salinity by ion
detoxification. This protects the plant at the cellular
level from osmotic imbalance presented by the saline
content of the environment [26]. This may have
happened to the unprimed seeds that caused the ger-
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mination performance in this setup to be comparable
to the performance of 48-hour hydroprimed seeds, as
evaluated by the SVI.

[6] Taylor AG. 2003. SEED DEVELOPMENT | seed
treatments. In: Encyclopedia of Applied Plant
Sciences. Elsevier. 1291–1298.

Limitations. Due to time constraints, this study
only observed the effects of hydropriming on limited
parameters and only one salinity level has been used.
The entire experiment has been done at home which
may have affected the overall results of this study
specifically with the unavoidable external factors such
as humidity, light from other sources within the study
site, and resident presence.

[7]

Conclusion. - Hydropriming was concluded to
only have effects on the early days of rice seed
germination, primarily affecting the germination rate
but not with the overall germination performance
while the rice seeds were being subjected to saline
stress. Hydropriming may also be used to accelerate
germination of O. sativa L.in saline conditions.
Recommendations. - It is highly encouraged to
use other Philippine rice varieties to further assess the
effects of hydropriming on their germination while
being subjected under saline stress. A larger scale of
this experiment with a longer duration of observation
is also recommended. The replication of the
experiment in laboratory and field conditions may
also be considered to minimize or completely
eliminate the effects of external conditions that can
affect the study.
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Abstract
The continuous and excessive generation of eggshells as agricultural
and industrial waste results in various environmental problems. However,
recent studies have shown that eggshells contain essential compounds that
promote plant growth and soil condition. Thus, this study aimed to
determine the effects of powdered chicken eggshells (PCES) on the
vegetative growth of Vigna radiata. Chicken eggshells were air-dried,
crushed, and powdered. The plants were then grown on PCES-soil
compositions of 0%, 10%, and 15% (w/w). The stalk and root length were
statistically compared between treatments using one-way ANOVA and
post-hoc Tukey-Kramer test. The results indicate that a significant
difference existed for both mean plant length scores between plants grown
on untreated soil and PCES-treated soil; PCES was found to improve the
vegetative growth of V. radiata. However, adverse effects were observed at
15% PCES due to excessive calcium uptake. Hence, quantifying the amount
threshold of PCES is necessary.

Introduction. - Food industries continuously
produce excessive amounts of waste, making it
increasingly crucial to formulate solutions to solve
this problem. Eggs are one of the products with
extensive production quantities under the industry
[1]. Hence, considerable amounts of eggshells are
being discarded every day, resulting in various
environmental issues such as increased waste in
landfill sites and pollution [2]. According to the Food
and Agriculture Organization of the United Nations
(FAO) [3], the world egg production in 2019 was
recorded to be about 83.5 million tonnes. In addition,
eggshells constitute about 11% of the total egg weight.
Thus, the waste generated can be estimated to be
about 9.2 million tonnes per year, globally [1].
An eggshell is composed of 94% calcium
carbonate, 1% calcium phosphate, 1% magnesium
carbonate, and 4% organic substances [4]. Hence,
eggshells are known to contain substantial amounts of
calcium, and due to this, they can be utilized for the
improvement of plant growth [5,6]. A study
conducted by Gaonkar and Chakraborty [7] reported
that powdered eggshells increase the pH and calcium
content of the soil. Furthermore, the study indicated
that chicken eggshells contain larger quantities of
calcium carbonate than duck eggshells. Additionally,
Ok et al. [8] and Soares et al. [9] reported the
successful immobilization of heavy metals such as
cadmium, lead, and zinc in contaminated soils
through treatment with eggshells. Moreover, a study
conducted by Wijaya and Teo [5] reported that
eggshells significantly improved the height of Ocimum
basilicum (sweet basil), which is associated with its
calcium content.

These findings are mainly associated with the
composition of eggshells as previously mentioned.
Furthermore, it must be noted that calcium, an
essential mineral for plant growth, is the main
constituent sought after eggshells in the study [5,11].
Additionally, the mechanism of entry of this mineral
cation to plant cells is via passing through Ca2+permeable ion channels situated in the plasma
membrane [10]. This separates the other components
of calcium salts such as the carbonate group for the
case of calcium carbonate [11].
The aforementioned information and findings
highlight the practical application of eggshells in
utilizing their properties to strengthen waste
management and agricultural production. Hence, its
application as a soil amendment to increase the
calcium content of the soil will be beneficial to
developing countries. Furthermore, this is in line with
the promotion of zero hunger, economic growth, and
responsible consumption and production, which are
some of the Sustainable Development Goals (SDGs)
being targeted by the United Nations (UN) [12].
Vigna radiata (mung beans or “monggo”) is one of
the major crops in the Philippines, commonly used in
various local dishes. It is an annual, erect or semi-erect
legume that is usually cultivated for its seeds or
sprouts across Asia [13]. Additionally, it is one of the
cheapest protein sources in the Filipino diet as it is
easily cultivated [14]. Furthermore, according to the
Philippine Statistics Authority (PSA) [15], a production
of about 23.8 thousand tonnes of the legume was
observed within the second quarter of 2020. Although
it shares a considerable fraction of the Philippine
agriculture, the effects of eggshells on the vegetative
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growth of V. radiata are yet to be explored. Since it can
be easily cultivated, it can serve as a model plant to
determine the effects of calcium derived from
chicken eggshells towards vegetative growth in
general, which is a key factor that determines whether
or not a plant proceeds to the reproductive stage [14].
To address this gap, the study investigated the
effects of powdered chicken eggshells (PCES) on the
vegetative growth of V. radiata. Specifically, it aimed
to:
(i) measure the stalk length of V. radiata grown on
PCES-soil compositions of 0%, 10%, and 15% (w/w)
at 10, 20, and 30 days after planting;
(ii) measure the root length of V. radiata grown
on PCES-soil compositions of 0%, 10%, and 15%
(w/w) at 30 days after planting; and

Safety Procedure.
During the conduct of the
study, the use of appropriate personal protective
equipment (PPE) was observed. Electricity-powered
and hazardous equipment were properly handled
according to their safety precautions. Lastly, all
organic and inorganic waste were disposed of
accordingly.
Results and Discussion. - In this study, a
significant difference exists between the total means
of the morphological lengths of the plants grown on
0% PCES and PCES-treated soil (10% and 15% PCES) at
all intervals. Additionally, there was no significant
difference between the stalk length of the plants
grown on 10% and 15% PCES at all intervals, but
interestingly, a significant difference exists between
their root lengths. Simply put, the addition of PCES as
a soil amendment significantly improved the
vegetative growth of Vigna radiata (Figures 1 and 2).

(iii) determine if a significant difference exists
among the mean values for stalk length and root
length of V. radiata between treatments.
Methods. - Chicken eggshells were air-dried,
crushed, and powdered. Then, the acquired PCES
were mixed with 400 g of soil at 0%, 10%, and 15%
(w/w). V. radiata seeds were planted at the PCES-soil
compositions and received 50 mL of distilled water
every day. The stalk length was measured at 10, 20,
and 30 days after planting, and the root length was
measured at 30 days after planting.
Preparation of PCES.
Chicken eggshells were
collected and air-dried for two weeks. The dried
eggshells were then crushed and powdered using an
electric grinder (Nima Japan 150 W NM-8300).
Subsequently, the PCES was acquired from the
resulting solid through a sieve (pore size: 0.16 cm).

Figure 1. The total means of the stalk length of V. radiata
grown on 0%, 10%, and 15% PCES after 10, 20, and 30 days.

Formulation of PCES-soil compositions.
The soil
compositions were prepared at the following PCES
percentages: 0%, 10%, and 15% (w/w). Six pots were
allotted for each treatment. For each pot, about 400 g
of dry loam soil was homogenized with a mass of
PCES corresponding to its assigned treatment.
Growing of V. radiata plants. Five V. radiata seeds
were planted in each pot and about 50 mL of distilled
water was allocated to each pot per day. Moreover, the
blocking of the pots was randomized every day.
Measurement of morphological lengths. After 10 and
20 days, the stalk length of the plants was measured
using Measure © 2020 Apple Inc. (precision: ±1 cm).
After 30 days, both the stalk length and root length of
the plants were measured using a vernier caliper
(precision: ±0.005 cm).
Data Analysis.
One-way analysis of variance
(ANOVA) test was conducted to determine significant
differences at the morphological lengths between
treatments, and a post-hoc Tukey-Kramer test was
conducted
to
determine
which
treatments
significantly differed from each other. The tests were
conducted at an alpha level of 0.05 (α=0.05) using the
Analysis Toolpak add-in of Microsoft® Excel® for
Microsoft 365 MSO (16.0.13901.20436) 64-bit.

Figure 2. The total means of the root length of V. radiata
grown on 0%, 10%, and 15% PCES after 30 days.

These findings are mainly associated with the
calcium content of eggshells [1,4], where the mineral
plays a key role in several physiological processes in
plants [5,11]. Furthermore, similar studies conducted
by Wijaya and Teo [5] and Gaonkar and Chakraborty
[7] reported similar findings as well.
Contrastingly, adverse effects were observed on
the plants grown on 15% PCES. As previously
mentioned, a significant difference exists between the
root lengths of the plants grown on 10% and 15% PCES;
it was presented in Figure 2 that this was in favor of
the prior treatment. Furthermore, chlorosis was
observed on the leaves of the plants grown on 15%
PCES. It is known that excessive calcium uptake may
lead to disturbances in the ion balance, resulting in an
antagonistic effect towards other minerals, such as
iron, potassium, and magnesium [11,16]. This results
in mineral deficiency, mainly indicated by
chlorosis—the decreased green pigmentation in
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interveinal areas but an increased pigmentation in the
veins of the leaves [11,16,17]. In this study, plants grown
on 15% PCES had their third and succeeding trifoliates
afflicted with chlorosis. Simply put, the younger
leaves were afflicted, which was also observed in
previous studies that investigated iron and potassium
deficiency [11,17] (Figure 3).

Figure 3. The leaves of a V. radiata plant grown on 15% PCES
afflicted with chlorosis.

As previously mentioned, the occurrence of
chlorosis in the plants may be due to the excessive
amount of calcium present in the soil composition.
Consequently, this results in the deficiency of
essential plant growth minerals, such as iron,
potassium, and magnesium, due to the induction of
an ion imbalance associated with the antagonistic
relationship
between
calcium
and
the
aforementioned cation minerals [11,16,17]. Moreover,
a study conducted by Giel and Bojarczuk [11] reported
that other than the induction of mineral deficiencies,
the addition of calcium salts such as calcium
carbonate
increases
the
total
nonstructural
carbohydrates (TNC) in the roots and leaves of plants.
This limits the utilization of photosynthetic products
and
subsequently
causes
growth
inhibition.
Furthermore, this may be attributed to the observed
significant difference between the root length of the
plants grown on 10% and 15% PCES.
In summary, PCES significantly improved the
vegetative growth of V. radiata in terms of the
morphological lengths measured. However, excessive
calcium uptake may have occurred at the plants
grown on 15% PCES, which resulted in chlorosis.
Furthermore, it is critical to note that calcium uptake
was not quantified in this study. The occurrence of
chlorosis has been associated with excessive calcium
uptake since it is the major component of the PCES—
the variable that was varied among treatments. In
addition, there is existing literature that correlates
mineral deficiencies to interveinal chlorosis, and only
the plants grown on 15% PCES were afflicted with
chlorosis despite the randomization of the blocking of
the pots on a daily basis and the homogenization of
the soil compositions.
Limitations.
Only two parameters were
evaluated to observe vegetative growth, namely, stalk
and root length, since the plants were observed for
only 30 days due to time constraints. Furthermore, no
tests or analyses were done regarding soil parameters,
calcium uptake, mineral and TNC content, and
chlorosis due to the unavailability of equipment since
the study was conducted during a pandemic.

Conclusion. - Powdered chicken eggshells
significantly improved the vegetative growth of the V.
radiata plants. However, excessive amounts induced
adverse effects on the plants.
Recommendations. - It is recommended to
observe the plants until the reproductive stage to
quantify
other
morphological
structures.
Furthermore, the analysis of variables correlated with
excessive calcium uptake such as mineral and TNC
content is advised to quantify the influence of excess
calcium. This is to determine which mineral
deficiency occurred due to their identical visual
indicator—chlorosis. Regarding this, reflectance
spectroscopy is suggested to quantify the occurrence
of chlorosis. Lastly, it is advised to determine the
amount threshold of PCES with regards to the adverse
effects and the ideal PCES supplementation for the
best mean scores.
Acknowledgment. - The authors would like to
extend their gratitude to Mrs. Ma. Romy Alexis C.
Consulta for the validation of the statistical tests used
in the study.
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Abstract
Oil spills are detrimental to the environment and its inhabitants. In this
study, raw corn husks (RCH) and raw rice husks (RRH) were used as
sorbents for bunker fuel. Adsorption tests were performed by subjecting
the sorbents in bunker fuel. The mean percent adsorption of RCH, RRH,
and sorbent pad were 10.1%, 3.75%, and 56.8%, respectively. It was found that
RCH exhibited a significantly higher mean percent adsorption than RRH
which was most likely due to its relatively higher cellulose content.
Additionally, sorbent pad exhibited a significantly higher mean percent
adsorption than the husks possibly due to its higher saturation point.
Although the adsorption percentages of RCH and RRH were significantly
less than that of sorbent pads, their ability to adsorb made them viable
sorbents for bunker fuel removal, and when compared, RCH would be the
better sorbent over RRH.

Introduction. - Oil spill incidents pose a serious
threat to the marine environment. These spills may
be caused by accidents involving oil tankers and
pipes, natural disasters, and runoffs [1].
Spills
including crude oil from tankers, refined petroleum
products, and heavy fuels such as bunker fuel are a
major environmental concern. This is because most
components of the oil-like polycyclic aromatic
hydrocarbons (PAHs) are toxic to both aquatic and
terrestrial organisms, and induce irreversible effects
to the environment [2,3]. Bunker C fuel (No. 6 oil),
which powers marine vessels, is the most common in
these incidents [4]. Bunker fuel evaporates in small
percentages and presents a higher viscosity relative to
the other oil types [5].
Adsorption is an economically advantageous and
eco-friendly approach in remediating oil spill
incidents. It is a process wherein oil particles are
attracted to the surface of the sorbent. The process
relies on the adhesion of the oil particles to the
sorbent surface and cohesive properties of oil which
allow greater amounts of oil to be retained by the
sorbent [8].
Studies have investigated the adsorption
capabilities of different agricultural wastes on crude
oil [1,7,9]. The use of rice husks and corn husks as
sorbents for oil spill remediation removes
environmental pollutants while minimizing the
negative impacts of burning and disposal of
agricultural by-products [10]. It was concluded in the
study of Razavi et al. [7] that the oil adsorption
capacity of raw rice husk on crude oil was
independent of pH. They added that the particle size
of the sorbent and viscosity of the oil would

significantly affect the adsorption capacity wherein
directly proportional relationships would be observed
between the adsorptive capability and the two
parameters. Biological structures were also found to
affect adsorption capacity [11,12]. Furthermore,
previous studies have utilized pre-treated husks in
removing environmental pollutants such as dyes,
heavy metals, and certain organic compounds [1,9].
However, it should be noted that these pre-treatment
steps may be time-consuming and costly [10]. Thus,
the use of husks in their raw state would be highly
advantageous, especially in emergency oil spill
situations.
Previous studies have found that cellulose
content is higher in raw corn husk (RCH) than in raw
rice husk (RRH) [13,14,15,16,17]. It was also observed
that when the cellulose content was increased, the
adsorption capacity of husks also increased [11,12].
Therefore, it is hypothesized that RCH will exhibit a
significantly
higher
fuel
percent
adsorption
compared to RRH.
This study aimed to determine and compare the
percent adsorption of RRH, RCH, and sorbent pads
for bunker fuel. It specifically aimed to:
(i) determine the weight of the sorbents before
and after adsorption; and
(ii) calculate and compare the percent adsorption
of the three sorbents.
Methods. - The corn husks and rice husks were
washed, sun-dried, ground, sifted, wrapped in
polypropylene fabric, and then submerged in pure
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bunker fuel. Commercially available polypropylene
sorbent pads, also wrapped in polypropylene fabric,
were used as a positive control. The samples were
allowed to drain before weighing to determine the
percent adsorption of the three sorbents (RRH, RCH,
and sorbent pads). The mean percent adsorption of
the three sorbents were then determined and
compared using One-Way Analysis of Variance
(ANOVA). Ten samples were conducted per sorbent.
Materials.
RCH and RRH were gathered from
San Joaquin, Iloilo, and Roxas City, Capiz,
respectively, while sorbent pads were obtained from
the Philippine Coast Guard Station in Bo. Obrero,
Iloilo City. Bunker fuel was procured from the Iloilo
City Public Safety and Transportation Management
Office.
Preparation.
RCH and RRH were washed, sundried, subjected to grinding, then sifted using a 2 mm
sieve. Ground husks then underwent the coning and
quartering method thrice for randomization. Five
grams of each sorbent was wrapped in polypropylene
fabric. Polypropylene fabric was used as a container
for easy retrieval of the ground sorbents after
submersion in bunker fuel.
Adsorption. Wrapped RCH was soaked in 80.0 g
of bunker fuel for 3 hours and was allowed to drip
until the point when no further dripping was
observed. Finally, the resulting sorbent was weighed
using a calibrated digital weighing scale. Similar
procedures were followed for the RRH and sorbent
pads. Ten samples were tested for each sorbent. To
control the effect of the polypropylene fabric on fuel
sorption, three samples of empty polypropylene
pouches of the same dimensions as those used in
wrapping the sorbents were subjected into the fuel
under the same experimental conditions. Their
weights were then taken, and averaged. The calculated
average weight of 10.62 grams was subtracted from
the weights of the sorbents wrapped in polypropylene
fabric with adsorbed fuel.
Data Analysis.
The percent adsorption for each
sorbent was calculated using the following formula
adapted from the study of Razavi et al. [1]:
% 𝐴𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 = (

𝑆𝑡 − 𝑆0
𝑊𝑓𝑢𝑒𝑙

) × 100

Where:
St = the weight (in grams) of the sorbent after
adsorption
So = the weight (in grams) of the sorbent before
adsorption
Wfuel = the weight of the fuel before adsorption in
grams.
Statistical Analysis.
One-way ANOVA was
conducted to compare the three mean percent
adsorption using Microsoft Excel 2016 with Real
Statistics Resource Pack software (Release 7.2) and QI
Macros statistical process control (SPC) software
package plugin, version 2021.01. The level of
significance was at 0.05. The Levene’s test was used
for the homogeneity of variances and the Tukey test
for post-hoc analysis. Both were executed using the
same program. To check for normality, the Shapiro-

Wilk test was conducted using the software JASP
0.14.1.
Safety Procedure.
Excess bunker fuel and used
sorbents were stored in a closed container and were
handed over to the community waste disposal team.
Results and Discussion. - Table 1 shows the
average weights (in grams) of each sorbent before and
after fuel adsorption.
Table 1. Mean and standard deviation of the weights before
and after fuel adsorption (in grams) of RCH, RRH, and
sorbent pad.

Sorbent

Before
Adsorption (g)

After
Adsorption (g)

RCH

5.00

13.2 ± 1.89

RRH

5.00

8.00 ± 0.78

Sorbent Pad

5.00

50.4 ± 1.74

Figure 1 shows the respective mean percent
adsorption of the three sorbents for bunker fuel.

Figure 1. Mean percent adsorption of RCH, RRH, and sorbent
pad for bunker fuel.

RCH yielded a mean percent adsorption of 10.1 ±
2.40. The RRH on the other hand had mean
adsorption of 3.75% ± 1.03. Finally, for the sorbent pad,
the mean adsorption was 56.8% ± 2.29.
Using the Shapiro-Wilk test, data was confirmed
to have a normal distribution. Additionally, there was
a statistically significant difference between groups as
determined by one-way ANOVA (F(2,27) = 2090.11, p
= .000). Data was found to satisfy the assumption of
homogeneity of variances through Levene’s test (p =
0.093 > 0.05). Tukey post hoc test revealed that RCH
(10.13% ± 2.40%, p = .000) exhibited a significantly
higher mean percent adsorption than RRH (3.75% ±
1.03%, p = .000), and sorbent pad (56.77% ± 2.29%, p =
.000) exhibited a significantly higher mean percent
adsorption than RCH.
The significantly higher percent adsorption of
RCH over RRH could be attributed to the cellulose
content of the sorbents. The cellulose content in RCH
is generally greater than that in RRH [13, 14, 15, 16, 17],
where the mentioned studies only featured either of
the husks. In addition to this, characterization studies
using the Technical Association of Pulp and Paper
Industry (TAPPI) method of identifying the chemical
composition of husks revealed that cellulose in corn
husks reached 31-39% while only a maximum of 31%
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was present in rice husks [18, 19]. Cellulose was found
to play a key role in maintaining the mesopore
structure of activated carbon as a sorbent [11].
Mesopores function in accelerating diffusion into
micropores and increasing the equilibrium coverage
of the micropore surface which contains adsorptive
sites wherein the inner layers possess higher
adsorption energies [12].
According to the International Tanker Owners
Pollution Federation Limited (ITOPF) [8], sorbent
materials for oil spills should attract oil to their
surface or incorporate the oil in the material itself.
RCH and RRH exhibited mean percent adsorption of
10.19% ± 2.40 and 3.76% ± 1.02, respectively. The
exhibited percent adsorption, although low, can
qualify RCH and RRH as sorbent materials. In
addition, there is no basis for comparison for the RRH
results since the methods used in this study were not
similar to other related studies. With this, due to the
husks’ biodegradability, high supply, simple
preparation, low cost, but low adsorption capacity,
RCH and RRH could be potential sorbents only for
emergency bunker fuel spill situations, in cases when
the commercially used sorbent pads are unavailable.
It was also found that the sorbent pad exhibited a
significantly higher percent adsorption compared to
the other two organic sorbents. This was concurrent
with the information that polypropylene sorbent pads
can recover up to 20% more oil than natural organic
sorbents [17]. Although natural-based materials are
inexpensive,
abundant,
and
environmentally
friendly, their relatively lower oleophilic property
makes their adsorption capacity inferior to some
synthetic materials which are engineered for the sole
purpose of adsorbing fuels [18, 19]. Furthermore, the
difference in the packing of the sorbent pad and the
husks may have affected the surface area of each
sorbent, which is another factor that influences
adsorption [8]. Since the sorbent pads were laid in
sheets, they may have had greater surface area than
the ground husks, therefore yielding a significantly
greater percent adsorption
In conducting the experiments, the sorbent pad
was first tested to identify the ideal contact time and
bunker fuel dosage, which is the least possible amount
of fuel and time for the sorbent pad to be completely
soaked. The contact time should ensure the sorbent
has reached its maximum saturation [23]. It was found
out that five grams of sorbent pad were completely
saturated when immersed in 80 grams of bunker fuel
at the 3-hour mark. A contact time of three hours,
bunker fuel dosage of 80 grams, and initial sorbent
weight of five grams were uniformly followed for the
final data gathering for all three sorbents.
The dripping time after adsorption used for the
final data gathering was 15 minutes which was
observed during the preliminary data gathering to be
the point of no dripping. Dripping time should reach
the point of no dripping to ensure that the fuel loosely
held by the sorbent is lost to report an accurate
adsorption capacity [23]. This can also be backed by
the study of Said et al. [24] which also utilized the
same length of fuel dripping.
To avoid the interference of the possible fuel
adsorption of the polypropylene fabric that was used

to wrap the sorbents, its mean fuel adsorption was also
separately measured thrice following the same
contact and dripping times as the final data gathering.
The mean fuel adsorption of the polypropylene fabric
was then subtracted from the total weight of the
sorbent after the fuel adsorption in calculating for the
percent adsorption of the final data.
Limitations.
Due to the lack of resources,
mathematical models were not used in presenting the
results. In addition, there was no basis for comparison
for the RRH results since the methods used in this
study were not similar to other related studies. Lastly,
due to the unavailability of the necessary equipment,
the uniformity of the packing of the sorbents in the
polypropylene fabric was not followed wherein the
husks were in powder form while the sorbent pads
were laid in sheets when subjected to bunker fuel.
Conclusion. - The adsorption percentages of
RCH and RRH were significantly less than that of
sorbent pads, and when compared, RCH would be the
better sorbent over RRH. Despite the limited
inclusion of adsorption parameters, this study showed
a simple preliminary measure of screening oil
adsorption capacities of ground sorbents for possible
usage in oil spills.
Recommendations. - It is recommended that
future
studies
conduct
adsorption
isotherm
modelling to investigate the interaction mechanism
between the adsorbent and the adsorbate.
Furthermore, future studies can also test different
physical modifications such as size and surface area
variations to RCH and RRH and determine any
significant differences with respect to their
adsorption capacities. In addition, it is recommended
that the size and morphology of the tested sorbents be
characterized by electron microscopy techniques and
their chemical composition by spectroscopic
techniques like infrared spectroscopy. It is also
recommended that when comparing different
sorbents, the packing should be uniform for all tested
sorbents. Lastly, it is recommended to test the
adsorption capacities of RCH and RRH on other oil
pollutants in an oil/water mixture.
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