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Abstract—Ultrasonication is a sustainable biophysical technology used in
sludge treatment. Studies show it enhances microbial activity and
pollutant removal from wastewater under optimal conditions. This study
examines ultrasonic irradiation's effect on nitrogen removal efficiency
and extracellular polymeric substances (EPS) formation in Sequencing
Batch Biofilm Reactors (SBBRs). Four reactors with different ultrasonic
powers (0 W, 180 W, 270 W, and 360 W) and dissolved oxygen (DO)
concentrations were tested to explore the interaction between ultrasonic
treatment and nitrogen transformation. Results show that moderate
ultrasonic power (180 W and 270 W) significantly improves ammonia
nitrogen and total nitrogen (TN) removal rates, reaching up to 99.4% and
91.7% at a 2 mg/L DO concentration. Higher power (360 W) increased
EPS production, especially tightly bound EPS, enhancing biofilm stability
and microbial protection, but did not improve nitrogen removal. Thus,
balancing ultrasonic intensity and DO is crucial for optimal performance.
Microbial analysis indicates ultrasonic treatment alters microbial
diversity, promoting species and aiding nitrification and denitrification.
This study shows that controlled ultrasonic irradiation can enhance SBBR
efficiency by adjusting microbial activity and biofilm structure, improving
wastewater treatment.

Keywords—  Batch  biofilm  reactor;
Ultrasound; Ammonia; Nitrification;
Biofilm; ANAMMOX

HIGHLIGHTS

e High-power ultrasound was utilized to aid in the

nitrogen removal in an SBBR.

e  The mechanism of anammox enhancement in SBBR
through high-power ultrasound
was proposed.

e AOB and ANAMMOX bacteria grow at higher

ultrasonic power.

e Ca. Kuenenia was enriched with an increase in

ultrasonic power.

e Changes in EPS highly corresponded with ultrasound

irradiation.

www.ijaers.com

I INTRODUCTION

Recently, Researchers have known many types of
biological ways of treating wastewater, such as sequencing
batch reactor activated sludge, bio-film reactor,
anoxic/oxic systems, anaerobic/anoxic/oxic processes,
cyclic activated sludge technology, oxidation ditch, and
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adsorbendum biodegradation (Zhang et al., 2022).
However, these methods also face challenges such as
inadequate nitrogen removal, high power consumption,
and poor environmental adaptability, which leads to
noncompliant discharge effluent with stringent regulations
and sustainability strategies (Qu et al., 2019). Thus, more
research and instruction of these and other new
procedures is needed to get over these limits and to
guarantee the productive and maintainable treatment.

Sequencing batch  biofilm reactors (SBBRs) can
simultaneously remove nitrogenous chemicals by intrinsic
nitrification and denitrification as the system operates in a
fill-and-draw manner (laconi et al., 2002; Prendergast,
2005). Key factors that influence SBBR functionality and
are widely studied for the enhancement of nitrogen
removal efficiency are hydraulic retention time, aeration
flow, and biofilm density (Ding et al., 2011; Wang et al.,
2015; Xiang et al., 2016). Gains in treatment efficiency
and cost reduction have been achieved through the
application of intelligent control systems and the use of
fibrous carriers for biofilm adhesion (Ding et al., 2011;
Yuan, 2014). Despite SBBRs showing tolerance to
different salinities (She et al., 2016), handling recalcitrant
chemicals and lowering nitrous oxide emissions remain
issues (Chen et al.,, 2021; Xiang et al., 2016). The
integration of advanced oxidation techniques, such as
ultrasonic irradiation, holds promise for further enhancing
nitrogen removal efficiency.

Ultrasound, which consists of sound waves above 20 kHz,
has been known to possess remarkable directional and
penetrative capacity (Zhang et al., 2022). Ultrasonication
is an eco-friendly method for sludge treatment that
enhances biological activity and pollutant extraction from
wastewater (Tyagi et al., 2014). It promotes gas, liquid,
and oxygen transport (Chisti, 2003) while reducing mass
transfer resistance through local turbulence (Rokhina et al.,
2009). This process increases cell membrane permeability
and accelerates metabolism and growth. When calibrated
correctly, ultrasonic intensity can create beneficial ruptures
in cell walls without irreversible damage (Sinisterra,
1992). Low-intensity ultrasound modifies cell membrane
structures, decreasing the viscosity of phosphodiester
bilayers and improving enzyme activity (Lin & Wu, 2002).
It destabilizes the extracellular polymeric substance (EPS)
matrix, boosting EPS concentration and protein synthesis
while enhancing cell permeability. This facilitates the
release of intracellular enzymes, improving treatment
efficiency, although excessive intensity may lead to cell
damage and reduced viability (Liu et al., 2003).

Ultrasonication generates shear stresses from cavitation
bubbles, which improve enzyme-substrate interactions and

www.ijaers.com
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accelerate  enzymatic  processes. When  applied
appropriately, low-intensity ultrasound can promote cell
growth and enhance enzyme activity. Conversely,
prolonged exposure risks damaging cells and potentially
leading to cell death. Research indicates that ultrasonic
treatment effectively reduces chemical oxygen demand
(COD) and ammonium nitrogen (NH4+-N) levels in
wastewater (Tian et al., 2021). For instance, ultrasonic
recirculation has been successfully employed to process
excess sludge, meeting established effluent standards.
Hong-Cui (2012) reported that initial ultrasonic
pretreatment of 8-hydroxyquinoline wastewater achieved a
40.4% reduction in CODcr.

A two-stage aerobic biochemical treatment achieved a
99.4% elimination of total Chemical Oxygen Demand
(CODcr). Low-intensity ultrasound improved COD
removal of low-temperature SMBR sewage treatment,
being the most effective intensity 0.27 W/L after 20 min.
For NH4*-N removal, exposure to ultrasound for 15 min
was ideal, demonstrating the necessity of striking the
right balance between power density and power duration
(Ding et al., 2011). Ultrasound enhances COD and
nitrogen removal rates (Winsch, 2004; Zhang et al., 2011)
and promotes cell proliferation and enzyme activity
(Biradar et al., 2010; Liu et al., 2007) when used with
biological treatments. The present study dealt with the
coupling technology of ultrasonic irradiation and
Sequencing Batch Biofilm Reactors (SBBRs) established
in previous studies to enhance nitrogen removal via
biofilm destruction and microbial activity.

This research investigates Submerged Biological Biofilm
Reactors (SBBRs) exhibited with ultrasonic irradiation for
the preservation of the environment. Through a three-
phase experimental design, it examines the effect of high-
power ultrasound on biological denitrification, structures
of extracellular polymers and microbial community under
various carbon-to-nitrogen (C/N) ratios and ammonia
concentration levels. The study aims to optimize
conditions for maximum nitrogen removal and the
cultivation of beneficial microbial communities.

1. MATERIALS AND METHODS
2.1 SBBR running device

Figure 1 shows the experimental running device and
reactor schematic. Four parallel reactors, each with a 500
ml working volume filled 50% with PU (Polyurethane) as
a biofilm carrier, were tested. Reactor 1 served as the
control (no ultrasound), while reactors 2, 3, and 4 received
different ultrasonic powers. Aeration was supplied via an
air compression pump connected to an aeration disk at the
bottom, regulated by a mass flow meter for DO control.
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Temperature was maintained at 30+2°C using a water bath
system.

The SBBR reactors operated in cycles: influent, aeration
(11.5 h), sedimentation (20 min), and discharging (5 min)
(Figure 2), with a water discharge ratio of 2/3 and cycle
durations of 24 or 48 hours based on phase characteristics.

Ultrasonic irradiation was applied for 10 min during
aeration. After filling, reactors R1, R2, and R3 were placed
in the ultrasound chamber with the rod penetrating the
water to a depth of 20 mm. Parameters like power and
irradiation time were adjustable post-irradiation.

Fig.1: Experimental device

Ultrasound
Transducer
7\ A
N
AV . .
A A A Peristaltic
AN
Barometer AA A e Influent
- A C
1 P Water Tank
(:>=E O 0 o
1 o
Air e T
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Fig.2: SBBR scheme
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Ultrasonication
Influent Aeration Standi )
! anding Effluent
Inlet time: — 23.5hours —_— 20minutes Sminutes
Sminutes

Fig.3: Operating steps

400 mg/L. The second phase was conducted with varying
CIN ratios, whereas the third phase was executed under
conditions of elevated influent ammonia concentrations
and high-power ultrasonication.

2.1.1 Running phases

Our studies, as outlined in Table 1, had three distinct
running stages. The initial phase was conducted with
varying influent ammonia concentrations between 200 and

Table 1: Details of the Running phases

Running Influent C/N Ratio Ultrasound Irradiation Water Cycle

Phase Ammonia (mg/L) Power (W) time (Min) | pjscharging Duration
Ratio

P1 200/300/400 3 0/180 0/10 3/5 24H

P2 300 2.5/1.5/2.5/3.5 0/180/180/180 0/10/10/10 3/5 24H

P3 400/600/800/1000 2 0/180/360/540 0/10/10/10 3/5 48H

2.2 Sludge inoculation and influent water Municipal water, along with glucose, NH4CI, and

The feed sludge for this experiment was sourced from the
SBR aeration tank of a wastewater treatment plant in
Shanxi Province. After 24 hours of aeration to restore its
activity, the sludge was mixed with water and PU biofilm
filler for domestication, with conditions continuously
monitored. Three uniform biofilm fillers were used in
each of the four reactors.

KH2PO4, supplied carbon, ammonia, and phosphorus
while maintaining an N/P ratio of 5:1. NaHCO3 was
added to keep the reactors basic, and a nutrient solution
provided essential trace elements. Anhydrous glucose
served as the carbon source due to its availability.

Table 2: Details of trace elements

Trace Elements CoCl,6H,0 MnSO,4

H3BO4

NiCl,6H,0 ZnS047H20 FeClz | CuSO4

Contents 0.15 0.12 0.15

0.19 0.12 15 0.03

2.3 Analysis and Calculation Methods
2.3.1 Analysis

The effluent NH4+-N, NO2 -N, NO3--N concentrations,
and COD concentrations were all investigated and
monitored based on the standards techniques. The
measurements of DO concentrations and pH in the
reactors were performed using a DO meter (Model 550A,

www.ijaers.com

YSI, USA) and a Ph meter (Mettler TOLEDO FE20-Kit),
respectively.

2.3.2 Calculations

2.3.2.1 The Ammonium Loading Rate (ALR) of
influent was calculated by:
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| NE+4-N
= B

ol

2.3.2.2 The Nitrite Accumulation Ratio (NAR)
was calculated by formula (F1) (Yingyay et al., 2014)

[NO7 — N]
eff
= [NOS — N]eff + [NO; — N]

eff x
2.3.2.3 The Free Ammonia (FA) was calculated
by the formula (F2) (Ford et al., 1980):

17 [NHy =N . x 10"
exp[6334/(273 + T)] + 107"

2.3.3 EPS Analysis

During the experiment, biofilm Extracellular Polymer
Analysis was performed. The biofilms on the filler are
subjected to different steps, extracting three parts of
extracellular polymers from biofilms: Soluble EPS,
Loosely Bound EPS, and Tightly Bound EPS.

2.3.4 Microbial Analysis

Microbial biodiversity was analyzed using high-speed
sequencing tests, calculating several indices: ACE, Chao,
Shannon, Simpson, and Coverage. The ACE and Chao
indices assess community abundance, while the Shannon
and Simpson indices measure community diversity. A
lower Shannon index indicates less diversity and a higher
Simpson index also reflects lower diversity. The
calculation formulas for these indices are F3, F4, F5, and
F6.

=18

nq(ny—1)

Sdmnl = ths + 20+ 1)

(F3)

Cack Cace
o S, (F4)
abund Cact Cacr

Srare LS e -
S Sabuna + . + _1]/ic£-.f0r Yace < 0.80
ACE = _ _
Vice, fOr¥,cp = 0.80
abund : /-
Srare Zg:l l (l - 1)”1‘
th=tt CACE Nmre(Nrare - 1)_

th=tt
2 {4 Neare@ = Crard) i (i = 1m,
ACE Nare(Nrare — Cace) '
Hh - - = =th—in- —
th ——
Dhth-= = - (F6)
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1. RESULTS AND DISCUSSION

3.1 Effects of ultrasonication on nitrogen removal in
SBBR systems

The ultrasonic irradiation technique involves inserting a
transducer rod into a submerged biofilm reactor (SBBR)
solution at a depth of 20 mm, with a polyurethane biofilm
filler occupying 50% of the reactor's volume. Ultrasonic
power levels were set at 0 W, 180 W, 270 W, and 360 W
for reactors R1, R2, R3, and R4, respectively, while
testing various dissolved oxygen (DO) concentrations.

The influent consisted of ammonia nitrogen at 50 mg/L
and chemical oxygen demand (COD) at 100 mg/L, with a
water-changing ratio of 2/3, a cycle duration of 12 hours,
and an irradiation time of 10 minutes. Initial DO was 3.5
mg/L, leading to low ammonia nitrogen and total nitrogen
(TN) removal rates but high effluent nitrate
concentrations. Increasing ultrasonic power decreased
nitrate levels, while higher DO levels enhanced
nitrification.

Lowering DO to 2.5 mg/L and then to 2 mg/L stabilized
the ammonium load, regardless of power levels. In
sonicated reactors, effluent ammonia nitrogen initially
rose but then declined over time. The TN removal rate
peaked at 270 W in reactor R1, indicating that optimizing
DO content and power input is crucial for reducing
ammonium loads in wastewater treatment systems.

Starting from cycle 30, the dissolved oxygen (DO)
concentration was reduced to 1.5 mg/L, resulting in a
steady decline in effluent nitrate concentrations across all
four reactors. Initially, the total nitrogen (TN) removal
rate dropped significantly but later increased, with the
highest rates found in reactors R1 (0 W) and R2 (180 W).
Increasing the DO to 2 mg/L led to gradual improvements
in ammonia nitrogen and TN removal rates in reactors R2
and R3. By cycle 51, reactor R2 achieved a 99.4%
removal rate for ammonia nitrogen and 91.7% for TN.
Lowering the DO back to 1.5 mg/L caused decreases in
R1 and R4, while reactors R2 and R3 showed increases,
with R3 reaching a 99.1% ammonia nitrogen removal
rate. Ultrasonic irradiation enhanced ammonia-oxidizing
bacteria (AOB) activity and suppressed nitrite-oxidizing
bacteria (NOB) activity, particularly under high
concentrations and low temperatures. Optimal conditions
for removal were established at 180 W of ultrasonic
power, 10 minutes of irradiation, and a DO of 2 mg/L.

By cycle 6, (fF)te accumulation rates in reactors RO and
R1 rose to 45% and 49%, respectively, increasing to over
73% by cycle 15 with ultrasonic treatment. In the third
stage, at an ammonia concentration of 300 mg/L, the
nitrite accumulation rate in the R1 sonicated reactor
peaked at 94.4%. The average nitrite accumulation rate
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was 39.02% in the RO control reactor compared to
82.99% in R1, with R1 consistently outperforming RO at

various ammonia concentrations. The high nitrite
accumulation and low nitrate levels resulted from
incomplete  nitrification and insufficient  nitrite

conversion. The TN removal rate increased during startup,
with notable efficiencies of 93.59% in RO and 99.07% in
R1 at 200 mg/L influent ammonia. Ultrasonic irradiation
also enhanced assimilable organic carbon (AOC) activity
under high ammonia levels, with the effects being more
significant under challenging conditions.

The nitrogen removal performance in both reactors was
notable, with the sonicated reactor outperforming the
control reactor. During the startup phase, the highest total
nitrogen (TN) removal rates were 85.42% for the control
reactor (RO) and 84.21% for the sonicated reactor (R1).

International Journal of Advanced Engineering Research and Science, 12(1)-2025

After seven cycles, the TN removal rates were 75.45% for
RO, 71% for R1, 64.16% for R2, and 61.75% for R3.
Gradual increases in ammonia concentration benefit TN
removal; however, excessive ammonia can harm
microorganisms. A rise in ammonia nitrogen may enhance
the effect of ultrasound on ammonia-oxidizing bacteria
(AOB).

Figure 4 indicates that nitrogen transformation processes,
such as nitrification and denitrification, are influenced by
dissolved oxygen (DO) concentrations and power levels,
highlighting the importance of optimizing these
parameters for efficient nitrogen removal in wastewater
treatment. Additionally, microbial populations involved in
nitrogen cycling are sensitive to oxygen availability and
other environmental factors, which can be adjusted to
achieve lower ammonium and nitrate levels.
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Fig.4 (a) Effluent NH4*-N concentration; (b) Effluent NO3™-N concentrations; (c) TN removal rate.

3.2. Effects of ultrasound on extracellular polymer
Substances (EPSs)

Extracellular Polymer Substance (EPS) as an organic
substance secreted by microorganisms consists of
carbohydrates, proteins, nucleic acids, and humic acids.

www.ijaers.com

Microbial survival, adhesion, and aggregation (Xiao et al.,
2010; Ding et al., 2011). EPS is divided into soluble EPS
(S-EPS), loose EPS (LB-EPS) and compact EPS (TB-
EPS) (Sheng et al., 2010). LB-EPS and TB-EPS facilitate
adhesion and aggregation, where TB-EPS possesses
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potent flocculating capacities (Malamis & Andreadakis,
2009). Extracellular  polymeric  substance (EPS)
constitutes a significant part of the biofilm formed, is
involved in all aspects of biofilm biological activity, and
consists of proteins and polysaccharides (Sponza, 2003)
in ultrasound-enhanced (SBBR) sequencing batch biofilm
reactor (SBBR) systems.

International Journal of Advanced Engineering Research and Science, 12(1)-2025

This study examined the impact of 180W ultrasonic
energy on EPS during biological nitrogen removal in
SBBR systems. EPS was isolated from biofilms
developed in two reactors, and differences comparing
control and sonicated reactor EPS contents were
performed. The concentrations of S-EPS, LB-EPS, and
TB-EPS in the P1 stage of the experiments were
demonstrated in Table 2.

Table 1: EPS concentration of Biofilm

EPS CONCENTRATION (mg/gVss)

Reactor S-EPS LB-EPS TB-EPS
PN PS PN PS PN PS
R1 14.48 5.22 21.23 3.65 19.95 6.34
R2 10.62 2.19 20.31 1.82 23.34 15.02
R3 9.61 2.63 22.96 4.19 26.38 12.26
R4 17.70 7.96 29.22 5.00 35.36 12.69
180 140
——EPS
160 |- B2 e
o - 120
Prot
eins 140
and - 100
Pulylzn o L,
o | g
r:; 80 I 460°
B g0l
8 - 40
10+ b2
20 7 120

180

270

Ultrasonic Power (W)

Change of EPS and its components (DO= 2.0 mg/L

Influence of influent ammonia, carbon-to-nitrogen (C/N)
ratio and water changing rate on the EPS (extracellular
polymeric substance) content of biofilms in 4-stage
period of P1 phase (Fig. 5) This higher EPS content in
sonicated reactor (R2) compared to control reactor (R1)
could be associated with increased metabolite secretion
which is beneficial for Anammox activity (Duan et al.,
2011). Ultrasonic treatment enhances extracellular
polymeric substances (EPS) production under high
ammonia conditions, suggesting that the biofilm structure
was potentially damaged, and microorganisms needed to
produce more EPS to protect themselves (Wang et al.,
2010; Gao et al., 2017).
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In R1, the S-EPS content was 48.8 mg/g VSS, while in
R2, it was 49.7 mg/g VSS. Protein content was 16.77
mg/g VSS for R1 and 29.87 mg/g VSS for R2, showing
R2 had more protein. R2’s LB-EPS was 57.3 mg/g VSS
versus 36.36 mg/g VSS for R1, supplying nutrients for
anaerobic ammonia-oxidizing bacteria (Gao et al., 2017).
The TB-EPS content was also higher in R2 at 73.09 mg/g
VSS compared to 53.55 mg/g VSS in R1. Overall, R1 had
higher polysaccharide content, while R2 had superior
protein content. A decrease in EPS may suggest better
living conditions for anaerobic ammonia-oxidizing
bacteria (Jin, 2013).
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3.3. Ultrasonic power effects under different C/N
ratios (1.5, 2.5, 3.5) on Microbial community

High-speed sequencing technology was used to analyze
the microbial communities in wastewater treatment
systems employing sonicated biofilm batch reactors
(SBBR) with high-power ultrasound at 180W. The
analysis, covering 98% of the biofilms, revealed that as the
carbon-to-nitrogen (C/N) ratio increased, the Shannon
index rose from 3.72 to 4.79, while the Simpson index
increased from 0.03 to 0.04. The ACE and Chaol index
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Fig.6: 3D-EEM fluorescence spectra of EPS in R1 and R4 (A1, A2, A3. present S-EPS, LB-EPS and TB-EPS at R1/ B1, B2,
B3 present S-EPS, LB-EPS and TB-EPS at R4)

values for the reactors varied, with the R4 reactor having
the highest Chaol index.

At a C/N ratio of 3.5, the ACE and Chaol indices peaked
in the R3 reactor, indicating enhanced microbial richness.
The microbial distribution varied significantly across
reactors, mainly comprising Proteobacteria, Bacteroidetes,
Planctomycetes, Acidobacteria, Candidatus
Saccharibacteria, Chloroflexi, and Ignavibacteriae.
Proteobacteria decreased with higher C/N ratios,
particularly in the R1 control reactor compared to the
sonicated R2 reactor at a C/N ratio of 2.5. In contrast,
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Bacteroidetes and Candidatus Saccharibacteria increased
at higher C/N ratios in the sonicated reactors, peaking at
3.5.

The study also examined the effects of varying ultrasonic
powers on biofilm microbial communities. Analysis at the
P1 stage showed that major genera included
Ferruginibacter, Paracoccus, Simplicispira, Dokdonella,
and Saccharabacteria. Proportions of Candidatus Kuenenia
in reactors R1, R2, R3, and R4 were 3.08%, 1.19%,
0.35%, and 0.35%, respectively. The proportion of
Ferruginibacter rose with increasing C/N ratios, while
Paracoccus denitrificans, known for nitrogen loss,
decreased alongside the increasing C/N ratio. In sonicated
reactors, Simplicispira and Dokdonella proportions rose
with higher C/N ratios, while Paracoccus denitrificans,
Candidatus Kuenenia, and Nitrospira proportions declined
as the C/N ratio increased.

Ammonia-oxidizing bacteria (AOB) in the four reactors
were primarily Nitrosomonas, with proportions of 0.61%,
0.46%, 0.07%, and 0.26% in R1 (C/N = 2.5), R2 (C/N =
1.5), R3 (C/N = 2.5), and R4 (C/N = 3.5), respectively.
The highest proportion of Nitro-Spira, a denitrifying gram-
negative bacterium, was found in the RO reactor. This
indicates that the combination of the C/N ratio and high
ultrasound action may inhibit AOB and nitrite-oxidizing
bacteria  (NOB) growth. The nitrite-removing
microorganisms include AOB, NOB, denitrifying bacteria
(DB), heterotrophic bacteria (HB), and anaerobic
ammonia-oxidizing bacteria (AnAOB). DB utilizes nitrites
and nitrates as electron acceptors to produce nitrogen.

Figure 7 shows that as the C/N ratio increased from 1.5 to
3.5, significant shifts in microbial community abundance
occurred. AOB and NOB were low in number while
denitrifying bacteria were abundant. ANAMMOX was
also present, with Candidatus Kuenenia making up a
significant portion.

3.3.1 Functional Bacteria

Heterotrophic nitrifying-aerobic denitrifying bacteria and
facultative denitrifying bacteria coexisted in the reactors,
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in which most denitrifying bacteria belonged to
Thermomonas, Luteimonas and Hydrogenophaga. As a
Gram-negative aerobic bacterium capable of dissimilatory
NO2--N reduction to N2O (Young et al., 2007),
Luteimonas was involved in 5.15% of the bacterial
population in reactor R4, 3.72% in control reactor, and
appeared in least abundance in reactor R2. Autotrophic
denitrifying hydrogen-dependent bacteria, like
Hydrogenophaga, were present in all reactors, with their
concentration peaking at 180W (19.50%). The control
reactor predominantly composed of Azospira (Tan &
Hurek, 2003), accounting for 2.13% of the total bacterial
population. In addition, abundant recovery of anaerobic
ammonia-oxidizing bacteria, Candidatus Kuenenia, was
been identified (Wang et al., 2018).

Studies have shown that the ability of Candidatus
Kuenenia to improve the competitive advantage of
Anammox bacteria in  sludge when subjected to
ultrasound technology, leading to better ammonia removal
efficiency of Anammox reactors during high nitrogen
loading conditions. The proportions of Candidatus
Kuenenia in reactors R1, R2, R3, and R4 were 3.08%,
1.19%, 0.35%, and 0.35%, respectively. Candidatus
Kuenenia growth is inhibited at high ultrasonic power
and/or at a high C/N ratio, affecting nitrogen removal.
Denitrifiers were the most abundant microbial populations
in the reactors (29.54%-48.5%), with higher C/N ratios
resulting in a more abundant community. The control
reactor R1, ANAMMOX bacteria showed the maximum
activity, where almost at 2.5 level.

This ratio favors the enhanced growth of denitrifying
bacteria, helping in the quick conversion of nitrate into
ammonium and increasing the ammonia nitrogen amount.
Besides that, an increase in Lysobacter and
Ferruginibacter population at an increased ultrasonic
power significantly influences other functional microbial
groups. Conclusion In this respect, a higher C/N value is
advantageous due to its stimulation for denitrifying
bacteria.
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Fig.7: Microbial Community at Genus level and Distribution Barplot

The biodiversity of microorganisms in the Submerged various levels of ultrasound power. Significant
Biofilm Batch Reactor (SBBR) was analyzed under differences in microbial composition were found across
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the four reactors, mainly consisting of Proteobacteria,
Bacteroidetes, Planctomycetes, Chloroflexi,
Ignavibacteriae, and Verrucomicrobia.

At the genus level, the communities were categorized
into ammonia-oxidizing bacteria (AOB), nitrite-oxidizing
bacteria (NOB), denitrifying bacteria (DB), heterotrophic
bacteria (HB), and anaerobic ammonia-oxidizing bacteria
(ANAMMOX). The AOB were primarily Nitrosomonas,
with the highest proportion (7.47%) observed in the R3
reactor at 540W. Nistrospira dominated the NOB, also
peaking in the R3 reactor. Thauera was the most
abundant denitrifying bacteria across all reactors, and
Acidovorax was also present. Increased ultrasound power
led to notable changes in microbial abundance.
Paracoccus showed the highest proportions in the control
reactor, while Candidatus Kuenenia, a resilient
ANAMMOX bacterium, exhibited greater resistance to
ultrasound effects. The result demonstrates that high
ultrasonic power can boost the development and
multiplication of Candidatus Kuenenia's bacteria and
raise the nitrogen removal performance of the
ANAMMOX reactor under high nitrogen load working
circumstances. The maximum  concentration of
Acidovorax was obtained in the control reactor.
Foladori et al 2007, found that Gram-positive bacteria
have a 10-15 times stronger cell wall than Gram-negative
bacteria, rendering them more vulnerable to ultrasonic

)
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effects. According to Xie et al., the 2008 study observed
that the species with larger cell walls may assist in the
gradual enrichment of these bacteria in the reactor when
ultrasound is applied.

The study analyzed relative abundances of aerobic
bacteria (AOB) non-obese bacteria (NOB) and nitrite
bacteria (ANAMMOX) in a sonicated reactor system.
Due to the increment of the ultrasonic power, the value
of AOB level also increased, maximizing in the R3
reactor at 540 W. However, NOB bacteria were normally
found in low amounts, where the proportions of NOB
were the highest in the R2 and R3 reactors at 360 W and
540 W, respectively. NOB can be inhibited under
anaerobic conditions.

ANAMMOX bacteria, in particular, responded positively
in proportion to increasing ultrasonic power, with the
control reactor (RO) showing the lowest proportion and
the highest proportion seen in the R3 reactor at 540 W.
While the DB fraction was found to decrease as a
consequence of ultrasound inhibiting DB, NOB
quantities increased as ultrasonic power increased.

This resulted in promoting the growth of AOB, NOB,
and ANAMMOX bacteria by 360 W and 540 W of high-
power ultrasound, while inhibitory effects were observed
on the growth of DB.
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V. CONCLUSION

The research proved that ultrasonic treatment is beneficial
for nitrogen removal in SBBR systems by improving the
effectiveness of nitrifying and denitrifying bacteria.
Applying ultrasonic powers of 180 W and 270 W under
specific dissolved oxygen conditions achieved ammonia
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nitrogen and total nitrogen removal rates of up to 99.4%
and 91.7%, respectively. Moderate ultrasonic power
improved microbial activity and the structure of the
biofilm, resulting in better nitrogen removal without
causing significant cellular damage.
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In contrast, higher ultrasonic powers increased the
production of extracellular polymeric substances (EPS),
which helped protect microorganisms and maintain
biofilm stability under stress; however, excessive power
did not yield further improvements in nitrogen removal
efficiency. The study also emphasized the interaction
between dissolved oxygen concentration and ultrasonic
power in shaping nitrogen transformation processes,
underscoring the importance of optimal combinations of
these factors for maximizing treatment efficiency. The
heightened EPS production observed in ultrasonically
treated reactors indicates a protective response that
promotes biofilm formation and resilience.
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Abstract—This research aims to determine whether there is an interaction
between the use of humic acid and mulching on the growth and production
of corn plants, the effect of humic acid on the growth and production of
corn plants and the effect of the use of mulch or mulching on the growth
and production of corn plants. This study used a Randomized Block Design
(RAK) with 3 replications in Giripurno Village, Kawedanan District,
Magetan Regency. The first factor studied was humic acid (A) consisting of
3 treatments, namely doses of 0 Kg / Hectare, 10 Kg / Hectare, 20 Kg /
Hectare and the second factor was mulch (M) consisting of 3 treatments,
namely without mulch, plastic mulch, straw mulch. The parameters
observed included plant height, stem diameter, number of cobs, weight of
wet cobs with husks, weight of wet corn cobs without husks, weight of 1000
grains, number of rows, number of seeds, dry weight without husks, weight
of dry husked corn, number of leaves, leaf area. There is interaction with
plants on the parameters of yield, namely the weight of wet cobs with
husks, weight of 1000 grains, and number of rows because the nutrients in
humic acid can provide benefits to the yield of corn plants. The absence of
interaction on the parameters of plant height 53 HST, stem diameter,
number of cobs, weight of wet cobs without husks, number of seeds, dry
weight of whole cobs, weight of dry kernels, number of leaves, leaf area is
caused by insufficient dosage and short sample observation time.

l. INTRODUCTION

Graminae, Family: Graminaceae, Genus: Zea, and

Corn (Zea mays L) is one of the important food crops that
has high economic value and is popular with the
community. Corn has soft textured seeds, making it very
popular as a food and snack ingredient. In Indonesia, corn
farming is one of the potential agricultural sectors.
However, despite its great potential, corn productivity in
the region is still not optimal.

Corn is placed in the following taxonomy: Kingdom:
Plantae, Division:  Spermatophyta,  Subdivision:
Angiospermae,  Class:  Monocotyledone,  Order:

WWwWw.ijaers.com

Species: Zea maysL

Gajung has three types of roots: seminal roots, aerial
roots, and adventitious roots. Seminal roots originate
from theradicle and embryo; aerial roots originate from
two or more nodes below the soil surface; and
adventitious roots are also known as prop roots. Corn
plant varieties, soil fertility, and groundwater conditions
affect root development. The stems of corn plants are
cylindrical with many segments and nodes and have no
branches ranging between 150 and 250 cm and are
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covered by alternating leaf sheaths from each node.
Hybrid corn variety seeds aresuperior seeds.

Hybrid corn seeds have many advantages, such as disease
resistance, faster harvest time, and better quality and
quantity of production. Hybrid corn seeds can also
produce twin corn cobs, which produce twice the yield.
Because hybrid corn seeds do not have the superior
properties of the parent, they can only be planted for one
planting season.

Around 220 hectares of agricultural land planted with corn
in Giripurno Village, according to field data. (Yoni,
2023), the intensification pattern of farmers in Giripurno
Village on average cultivates existing agricultural land
using chemical fertilizers and pesticides to increase
agricultural yields. However, agriculture in Giripurno
Village has never implemented soil cultivation using
humic acid soil conditioners and mulching on corn plants.

To increase agricultural production, especially in the
cultivation of food crops, mulch is one approach. Mulch is
a material that covers the soil to prevent water loss
throughevaporation and weed growth

Mulch protects the soil surface from erosion and rain
exposure and maintains soil moisture, structure, and
fertility. In addition, mulch inhibits weed growth. (Nadia,
2020). The use of mulch, which is a surface cover for beds
or mounds, is very important because it provides benefits
including reducing the rate of evaporation from the soil
surface, which saves water use, reduces changes in soil
temperature, and reduces the costs and energy required for
weed control. In the use of mulching on agricultural land,
synthetic mulch and natural mulch can be distinguished.
Synthetic, for example, PE plastic mulch made from
polyethylene.

Humic acid is a good material to complement inorganic
fertilizers. It is very important to pay attention to the
dosage of humic acid because it can affect the nutrient
content and growth of corn plants. According to Firda's
research (2016), humic acid contains 40-80% C elements,
2-4% N elements, 1-2% S elements, and 0-0.3% P
elements. Based on research by Hermanto et al. (2013)
Compared with other doses, the use of humic acid as a
fertilizer supplement with a dose of 20 kg/ha showed a
better response to plant growth, supported by increased
nutrient availability and nutrient uptake.

Currently, humic acid has been used as a fertilizer
supplement because it can increase plant growth and
improve fertilizer utilization. Turan et al. (2011) reported
that adding humic acid to fertilizer can increase corn plant
growth in high-salt soil (soil-salinity condition).

Straw mulch has several advantages, such as lowering soil
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temperature and maintaining soil by reducing erosion, can
stop weeds and increase organic matter in the soil for a
certain period of time (Sadewa, 2019). In addition to the
advantages, straw mulch also has disadvantages, namely
the land looks dirty and messy, does not last long like
plastic mulch.

Currently, the use of organic fertilizers or other nutrient
supplements, such as humic acid, is very popular due to
product safety reasons and the fact that they can also
increase soil fertility. Humic acid is an organic substance
with a complex molecular structure containing active
groups (macromolecules or organic polymers).

The provision of humic acid produces extraordinary
growth in corn plants. Humic acid has the ability to
increase total Nelements and plays an important role in
vegetative growth, especially in increasing and
increasing plant size. In addition to N, humic acid also
has the ability to increase organic C and P available in
the soil which are needed by plants for enzyme
metabolism and tissue formation. Compared to other
fertilizer doses, the use of humic acid as a fertilizer
supplement with a dose of 20 kg/ha showed a better
response to plant growth, supported by increased nutrient
availability and nutrient uptake.

In addition to helping plant growth and production,
mulch can provide organic matter after decomposition.
(Nuraini, 2020). Mulch is of two types: organic and
inorganic. The first is made from natural materials that
are easily decomposed, such as rice straw. The second is
made from synthetic materials that are difficult to
decompose, such as black and silver plastic mulch.
Aniekwe et al. (2015) explained that efficiency in
utilizing plant space and regulating plant density will
reduce plant competition, increase soil nutrient needs,
provide shade, and increase the interaction of micro-
organisms in the rhizosphere of the soil. even prevent
weeds from growing, which can reduce yields.

By using silver plastic mulch, photosynthesis occurs
thanks to the reflection of light. (Sembiring, 2013).
During thevegetative phase, meeting nutrient and water
needs can increase photosynthesis results, which allows
for optimal cell growth and enlargement and an increase
in the number of leaves.

1. RESEARCH METHODS
2.1 Research site

This research was conducted in the experimental field
of Giripurno Village, Kawedanan District, Magetan
Regency.With an altitude of 67 meters above sea level,
this researchwill be conducted from April to July 2024.
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2.2 Materials and tools

The materials used are BISI 2 variety corn seeds, Humic
Acid, top soil. The tools used in this study include mulch,
hoes, watering cans, stationery, and other equipment for
planting corn.

2.3 Research implementation

This experimental study used a randomized block design
(RAK) with two factors repeated three times.

1. The first treatment factor is Humic

Acid.A0 = No Treatment

Al = Humic Acid 10 kg /
Hectare A2 = Humic Acid 15 kg /
Hectare

2. The second factor is the treatment of giving plastic
mulch.

This study is an experimental study with a randomized
block design (RAK)

MO = No

TreatmentM1 =

Mulch Plastic

M2 = 20 Kg Straw Mulch with a thickness of 5 cm
permound

Number of treatment combinations 3x3 = 9 combinations
AOMO A1MO A2MO AOM1 A1M2 A2M1 AOM?2
A2M2A1M1

2.3.1 Land preparation

The land preparation process begins by clearing the area of
plant debris, grass, or shrubs growing around it. The soil is
hoed and left to remain between 15 and

20 cm, after which, it is leveled, loosened, and cleaned of
root debris from the soil. After that, install mulch and
make a plan. Make a 2 x 2.5 meter plot andmake a hole for
planting with a depth of only 2-3 cm. The planting hole is
made using a wooden hoe. To regulate rainwater, drainage
channels must be made around the plot. This will protect
the land from rainwater during heavy rains.

2.3.2 Treatment

- Mulching at 0 days after planting

- Humic acid is given at 15 days after planting
2.3.3 Seed Planting

Seed planting is done by making holes in the mulch,
making holes 2-3 cm deep and a planting distance of 40 x
40 cm. Two seeds are inserted per planting hole. After
that,the hole is covered with loose soil around it.

2.3.4 Replanting

Replanting is done when the plants do not grow well, die
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due to pests or diseases, or their growth is abnormal.
Afterthe plants are 6-15 days old, replanting can be done.

2.3.5 Thinning

The purpose of thinning is to reduce plant competition in
absorbing nutrients in less fertile soil and prevent plants
from lack of sunlight in fertile soil. Thinning is done
when the plants are 1 week old after planting (dap).
The number of plants left after thinning is one plant per
planting hole. The remaining plants grow best.

2.3.6 Fertilization

Fertilization using urea fertilizer with a dose of 20
ka/hectare treatment that has been given at 15 hst and no
other fertilizers are added.

2.3.7 Plant Maintenance

Plant maintenance includes watering, weed control, pests,
and diseases. The maintenance process is adjusted to
field conditions. Watering is done twice a day: morning
and evening.

Weeds are controlled manually, namely by cutting weeds
that grow around the plants by hand. while pesticide
spraying is used to control pests and diseases.
Maintenanceis carried out at 7 days HST. The purpose of
plant maintenance is to prevent vector contamination that
can interfere with plant growth and increase plant growth
rates.

2.3.8 Harvesting

Harvesting is carried out at the age of 105 hst. The
righttime to harvest corn is when the hair is brown and
the cobs are full. Because high temperatures will reduce
the sugar content in the seeds, harvesting is done in the
morningwhen the temperature is still low.

2.3.9 Data Analysis
a) Analysis of Variance

The data collected from the observation results of the
effect of humic acid dosage and mulching were
processed using the SPSS application. The F test was
conducted to determine the effect of the dose treatment
on humic acid and mulch on the growth parameters of
corn plants for the observation parameters between
treatments, namely by comparing F and sig values with
the following provisions:

1. If the sig value> 0.05, it means that the
treatment has no significant effect on the
parameters tested.

2. If the sig value <0.05, it means that the
treatment has a significant effect on the
parameters tested.

b) Further Research Test
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To determine the effect of each treatment, the

observation data were then analyzed using analysis of Treatment Plant
variance at an error level of 5%. Further testing was Height MULCHING
conducted using the Duncan Test at an error level of 5%

to determine whether there was a significant difference in

the effect between treatments. WITHOUT MUTCH 175,733 a
PLASTIC MULCH 176,622 a
. RESULTS STRAW MULCH 176,778 a

3.1 Discussion Parameters HUMIC ACID DOSAGE
Humic acid (A) and mulch (M) treatments were applied to 0 Kg/Ha 176,267 a
the growth of corn plants during the vegetative and 10 Kg/Ha 176,889 a

generative periods. Plant height, stem diameter, number of
cobs, weight of wet cobs (with husks) and wet (without
husks). weight of 1000 grains, number of rows, number of

15 Kg/Ha 175,978 a

seeds, dry weight without husks, dry weight of husked

corn, number of leaves, leaf area. . . .
Table 2 shows that interaction from giving sour humate

The results of the analysis of variance showed that there inplants is on average high No there is mulch , but dose
wasno interaction in all plant height parameters, but there sour humate 10 kg/ha compared with 0 kg/ha and 15
Wwas a Significant difference in the prOViSiOﬂ of humic kg/ha no different . On average, the provision mulch No
acid andmulch. there is show that No there is real difference in
Table. 1: Plant height 44 HST combination treatment others . On average giving mulch
Treatment Plant Height l\_lo §how that combination different treatments No own
significant effect
MULCHING .
Table. 3: Plant height 100 HST
WITHOUT MUTCH 164,867 a
PLASTIC MULCH 164,733 a ]
Treatment Plant Height
STRAW MULCH 163,844 a
MULCHING
HUMIC ACID DOSAGE
WITHOUT MUTCH 174,789 a
0 Kg/Ha 163,622 a
PLASTIC MULCH 186,533 a
10 Kg/Ha 165,822 b
STRAW MULCH 194,944 a
15 Kg/Ha 164,000 a

HUMIC ACID DOSAGE

In table. 1, shows that the average height plant No

Thereis interaction from giving sour humate and muich 0 Kg/Ha 183,533 a
However there is influence different real in giving sour 10 Kg/Ha 184,844 a
humate with dose of 10 kg/Ha is 165.822 cm different 15 Kg/Ha 187.889 a

real with doses of 0 kg/Ha and 15 kg/Ha. In general ,

giving mulch No show that combination maintenance

other different

Table 3 shows that the average height plant No There is
interaction from giving sour humate and mulch
However there is influence different real in giving
mulch straw namely 194.944 cm, On average giving
sour humate No show real difference in combination
treatment other .

Table. 2: Plant height 53 HST Table. 4: Stem diameter 44 HST
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combinationmaintenance other different.
Table. 6: Stem diameter 100 HST

Treatment Plant Height
MULCHING
WITHOUT MUTCH 8,644 a
PLASTIC MULCH 8,733 a
STRAW MULCH 9,088 a
HUMIC ACID DOSAGE
0 Kg/Ha 8,644 a
10 Kg/Ha 8,822 a
15 Kg/Ha 9,000 a

Table 4 shows that the average diameter of the stem No
There is interaction from giving sour humate and mulch
However , the dose sour humate 10 kg/Ha compared
with

0 kg/Ha and 15 kg/Ha no different . On average, the
provision mulch No there is show that combination
different treatments The same very No different . On
average, the provision mulch No show that combination
different treatments The same very No different .

Table. 5: Stem diameter 53 HST

Treatment Plant Height
MULCHING

WITHOUT MUTCH 13,467 a
PLASTIC MULCH 13,644 a
STRAW MULCH 13,622 a
HUMIC ACID DOSAGE

0 Kg/Ha 13,444 a
10 Kg/Ha 13,511 a
15 Kg/Ha 13,778 a

Table 6 shows that the average diameter of the stems of
humic acid and mulch No interact One each other, and
not There is proof existence significant difference in
usage sour humate at the levels of 10 kg/ha, 0 kg/ha, and
15 kg/ha. On average, the application mulch No show
that combination other treatments are different.

Table. 7: Amount Tuna 100 HST

Treatment Plant Height
MULCHING
WITHOUT MUTCH 9,711a
PLASTIC MULCH 9,733 a
STRAW MULCH 9,867 a
HUMIC ACID DOSAGE
0 Kg/Ha 9,711a
10 Kg/Ha 9,711a
15 Kg/Ha 9,889 a

Table 5 shows that the average diameter of the stem No
There is interaction from giving sour humate and mulch
However dose sour humate 10 kg/ha and 15 kg/ha no
comparable to the average giving mulch No there is
show that No there is real difference in combination
treatment others. In general, giving mulch No show that

WWwWw.ijaers.com

Treatment Plant Height
MULCHING
WITHOUT MUTCH 1.5556 a
PLASTIC MULCH 15111a
STRAW MULCH 1.4667 a
HUMIC ACID DOSAGE
0 Kg/Ha 1.5555 a
10 Kg/Ha 1.4889 a
15 Kg/Ha 1.4667 a

Table 7 shows that the average humic acid with dose 10
kg/ha and mulch with doses of 0 kg/ha and 15 kg/ha do
not impact on the number of cob . On average, the
provision mulch No there is show that No there is real
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difference in combination treatment others . On average
giving mulch No show there is significant difference in
treatment other.

According to results analysis variety , there is connection
between dose sour humate and mulch to heavy cob wet
with husk at age 100 HST observation average weight
cob wet with cornhusk plant corn on sour humate and
mulch presented in Figure 1.

Berat Basah Berkelobot

229,93 d
225,00 214,00¢
eee? 16,07 cd

210,00 o :7?077 =
194,07 ab ok
195,00 196,33 ab &

202,20 abc
196,10ab
190,47 3

AD Al A2

S—10 =B= i1 M2

Fig.1 Interaction curve factor influence sour humate
and mulch to heavy cob wet with 100 HST corn husks

In the picture on show that there is interaction of MO,
Mland M2, in the A2M2 treatment, namely addition
sour humate as much as 15 kg/Ha and mulch with
average weight value cob wet with cornhusk most
namely 229.93, while the MO and M1 treatments
showed average weight value cob wet namely 202,200
and 216.07.

Table. 8: Weight of Tuna Wet Without Husk 100 HST

TREATMENT WEIGHT OF WET COB
WITHOUT HUSK

PLASTIC MULCH
PROVISION

WITHOUT MUTCH 185,711 a

PLASTIC MULCH 175,022 a

STRAW MULCH 178,467 a
HUMIC ACID DOSAGE

0 Kg/Ha 174,022 a

10 Kg/Ha 178,178 a

15 Kg/Ha 187,000 a

Table 4.8 shows that No There is connection between
giving sour humate and mulch and average weight of
cobs wet without cornhusk However Dose sour humate
10 kg/ha and 15 kg/ha no different . On average, the
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provision mulch No there is show that No there is real
difference in combination treatment others . On average
Giving mulch show that combination maintenance other
The same very No different.

Analysis results Variety show that there is interaction
between dose sour humate and mulch to weight of 1000
grains average weight of 1000 grains corn on sour
humateand mulch presented in Figure 2

Berat 1000 Butir

247,40h

232,530h
N 227,60ab

L o
229,87 ab - —— 223,07 ab

210,272

e (0 ] 1 M2

Figure 2 Interaction curve factor influence sour humate
and mulch to weight 1000 grains

In the picture on show that there is interaction of M0, M1
and M2, in the AOML1 treatment , namely addition sour
humate as much as 10 kg/Ha and mulch with average
weight value of 1000 grains most namely 247.40 while
the MO and M2 treatments showed average weight value
of 1000 grains thatis 239,733 and 232,533 . On the chart
show decline Because a number of the actor who
happened in the field like amount sparse seeds and also
attack diseases and treatments A2MO,

A2M1, A2M2 are present size seed more corn small and
lighter weight light from treatment AOMO, AOM1, AOM2
so weight 1000 grains at the time testing there is
decreasing graph.

Analysis results Variety show that there is influence
betweendose sour humate and mulch to amount run away
grain corn on sour humate and mulch presented in Figure 3

Jumlah Larikan

12,533b

11,933ab

11,867 ab
= 11,667ab

e 11,800 ab

L
11,600 8D @i

" 11,5336
11,000 11,267 a <

Fig.3 Influence curve factor sour humate and mulchto
amount run away grain corn
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In the picture on show that there is the influence of MO,
M1 and M2, in the AIM2 treatment , namely addition sour
humate as much as 10 kg/Ha and mulch with highest

International Journal of Advanced Engineering Research and Science, 12(1)-2025

in combination treatment other.
Table. 11: Dry Grain Weight

average value namely 12.533 while the MO and M2 TREATMENT DRY PEEL
treatments showed average value of sum run away that is WEIGHT
11,667 and 11,933
Table. 9: Amount 100 seeds after planting MULCHING
TREATMENT WEIGHT OF WET COB WITHOUT MUTCH 148,667 a
WITHOUT HUSK PLASTIC MULCH 141,800 a
0 Kg/Ha 360,044 a STRAW MULCH 143,400 a
10 Kg/Ha 373,511a
15 Kg/Ha 360,133 a HUMIC ACID DOSAGE
MULCHING
Table. 10: Dry Weight of Tuna Whole 100 HST WITHOUT MUTCH 371,333 a
PLASTIC MULCH 352,200 a
TREATMENT DRY WEIGHT STRAW MULCH 370,333 a
OF
WHOLE TUNA HUMIC ACID DOSAGE
MULCHING 0 Kg/Ha 360,044 a
WITHOUT MUTCH 167,778 a 10 Kg/Ha 373,511 a
PLASTIC MULCH 159,289 a 15 Kg/Ha 360,133 a
STRAW MULCH 166,778 a
Table 11 shows that the average weight snot dry No
HUMIC ACID DOSAGE There is interaction from giving sour humate and mulch
However No there is difference real in giving sour
0 Kg/Ha 160,844 a humate with dose 10 kg/Ha \{Vl.th do.ses of 0 kg/Ha and 1.5
kg/Ha. On average, the administration mulch No there is
10 Kg/Ha 161,600 a show that No there is real difference in combination
15 Kg/Ha 170,667 a treatment others. On average giving mulch No show that

Table 10 shows that the average number seed No There is
interaction from giving sour humate and mulch However
No there is difference real in giving sour humate with
doses of 10kg/ha, 0 kg/ha, and 15 kg/ha, respectively.
There is no proof that There is significant difference in
giving average mulchon combination treatment others.
On average giving mulch No show that there is real
difference in combination treatmentother.

Table 9 shows that the average number seed No There is
interaction from giving sour humate and mulch However
Nothere is difference real in giving sour humate at a rate
of 10 kg/ha, as well as 0 kg/ha and 15 kg/ha, respectively.
At an average application rate of mulch No there is show
that No there is real difference in combination treatment
others. On average giving mulch No show real difference
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there is real difference in combination treatment other.
Table. 12: Number of Leaves (53 HST)

TREATMENT NUMBER OF LEAVES
MULCHING

WITHOUT MUTCH 10,733 a

PLASTIC MULCH 10,778 a

STRAW MULCH 10,600 a
HUMIC ACID DOSAGE

0 Kg/Ha 10,622 a

10 Kg/Ha 10,844 a

15 Kg/Ha 10,644 a
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Table 12 shows that the average number leaf No There is
interaction from giving sour humate and mulch However
Nothere is difference real in giving sour humate with dose
10 kg/Ha with doses of 0 kg/Ha and 15 kg/Ha. On
average, the administration mulch No there is show that
No there is real difference in combination treatment
others. On average giving mulch show that No there is
real difference in combination treatment other.

Table. 13: Number of Leaves (100 HST)TREATMENT
NUMBER OF LEAVES

MULCHING

WITHOUT MUTCH 10,733 a
PLASTIC MULCH 10,778 a
STRAW MULCH 10,600 a
HUMIC ACID DOSAGE

0 Kg/Ha 10,622 a
10 Kg/Ha 10,844 a
15 Kg/Ha 10,644 a

Table 13 shows that the average number leaf No There is
interaction from giving sour humate and mulch However
Nothere is difference real in giving sour humate with dose
10 kg/Ha with doses of 0 kg/Ha and 15 kg/Ha. On
average, the administration mulch No there is show that
No there is real difference in combination treatment
others. On average giving mulch No show that there is
real difference in combination treatment other.

Table. 14: Leaf Area (53 HST)

TREATMENT LEAF AREA
MULCHING

WITHOUT MUTCH 624,575 a

PLASTIC MULCH 615,241 a

STRAW MULCH 670,716 a
HUMIC ACID DOSAGE

0 Kg/Ha 623,863 a

10 Kg/Ha 651,544 a

15 Kg/Ha 635,152 a
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Table 14 shows that the average number leaf No There is
interaction from giving sour humate and mulch However
Nothere is difference real in giving sour humate with dose
10 kg/Ha with doses of 0 kg/Ha and 15 kg/Ha. On
average, the administration mulch No there is show that
No there is real difference in combination treatment
others. On average giving mulch No show that there is
real difference in combination treatment other.

Table. 15: Leaf Area (100 HST)

TREATMENT LEAF AREA
MULCHING
WITHOUT MUTCH 627,402 a
PLASTIC MULCH 632,040 a
STRAW MULCH 692,393 a
HUMIC ACID DOSAGE
0 Kg/Ha 639.348 a
10 Kg/Ha 663,148 a
15 Kg/Ha 652,337 a

Table 15 Show that the average area leaf no There is
interaction from giving sour humate and mulch However
there is difference real in giving mulch straw, On average
treatment sour humate with dose 0 kg/Ha with doses of
10 kg/Ha and 15 kg/Ha are not show that there is real
difference in combination treatment dose sour humate.

3.2 Discussion

In application treatment dose sour humate (A) and
mulch

(M) are present interaction to plants on yield
parameters that is heavy cob wet husked , weighing
1000 grains , and the number of run away Because
nutrients in acid humate capable to give benefit to
results plant corn.

Humic acid capable provide nutrients and mulch to
plant when own sufficient nutrient content , especially
nitrogen

(N) which content the nutrient N (Nitrogen) functions
as compiler amino acids (proteins), acids nucleic |,
nucleotide as well as chlorophyll , content sour humate
namely C, H, N, O, S and P as well other elements such
as Na, K, Mg, Mn, Fe.

Humic acid contains 0.6 — 1.1% S; 0.2 — 3.7% P; 5.6%
and Fe oxide ; 0.05 — 0.15% Na; 0.6% potassium
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sulfate , magnesium and some small manganese
(Nasution, 2020), This will make plant grow optimally ,
reinforced by Azzamy (2015) that nutrient content and
levels fertility influence growth and level fertility plant
depends on ability plant For absorb nutrients in the soil .
Giving Mulch is alsouseful as deterrent growth annoying
weeds absorption nutrients in plants corn. According to
Murrinie (2010) said that at the beginning growth plant
Not yet There is competition between plants and weeds.
However, control weeds in the period this is the most
effective Because give plant chance For grow and
dominate the areas they have For grow .

Absence interaction at high parameters 53 HST plants ,
stem diameter , number tuna , heavy cob wet without
husk , amount seeds , weight dry cob intact , heavy snot
dry , amount leaves , wide leaf caused by giving under
dosage and timing observation sample only A little as
well asdistance planting too much meeting cause amount
overpopulation as well as giving sour humate done at the
time Afternoon day so that level evaporation land increase
and the elements contained therein evaporate more Lots
than absorbed by plants . Because of the plants lack
nutrients, growth obstructed. (Revelation Aprilyanto,
Medha Baskara, 2016)

This matter allegedly Because sour humate is material
organic which has little (3% N, 0.20% P, 10.00% K)
content nutrients and provision of A little so that No
Enough For fulfil need plant nutrients corn . In line with
study (Agustian, 2014) who stated that Because amount
sour the humate given is very small , the effect Possible
No seen or Possible only increase in a way small-scale .

In addition, it is suspected Because task sour humate For
increase growth plant need a relatively long time , at least
three year . This is in accordance with opinion Shaila et
al., (2019) stated that that level acidic nutrients humate
low and need time longer , at least three year , for produce
available nutrients For plants and ready absorbed . As a
result , the reaction plant to giving sour humate not
enough from fertilizer inorganic .

Result of observation there is interaction on observation
parameters heavy cob wet with cornhusk show that there
is interactions in the A2M2 treatment , namely addition
sour humate as much as 15 kg/Ha and mulch straw with
heavy cob wet with cornhusk most namely 229.93 g ,
while the MO and M1 treatments showed average weight
value cob wet namely 202.200 g and 216.07 g.

There is interaction on observation parameters results
weight 1000 grains there is interaction of M0, M1 and
M2, in the AOM1 treatment, namely addition sour humate
as much as 10 kg/Ha and mulch plastic with average
weight value of 1000 grains most namely 247.40 g , while
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the MO and M2 treatments showed average weight value
of 1000 grains namely 239.733 g and 232.533 g. The
graph in Figure 2 shows decline Because due to seed
experience whipping weather rainfall Fluctuating rain
cause damage to the embryo and reduction quality seeds ,
lower viability , and make seed corn more moist that can
cause water level drops drastic , shrinking morphology
seeds and reduce Power stand seeds (Rahmawati, 2011).

According to Wen Chen, Xin Li a, Ping Zhao & Deng,
(2024) For reduce competition in population , regulation
density plant allow canopy and roots plant utilise
environment completely . Because the plants excessive
compete with nutrients, water, radiation sun , and space
growth , quantity and weight seed plant will decreased .
(Purwanti, Eny Wahyuning et al., 2022) . Too the meeting
distance plant will hinder growth plants , but If too rare ,
population plant will reduce . (Hayati et al., 2010)

Observation result growth show there is influence in
application dose sour humate on observation parameters
tall plant age 44 HST with results influence different real
Compared to with dose 0 kg/ha and 15 kg/ha, dose sour
humate 10 kg/ha reached 165.822 cm.

At high observation parameters, the age of 100 HST
plants with results influence different real in giving
mulch straw which is 194.944 cm real different with
maintenance without and with mulch plastic.

Result parameters amount run away show that there is
interaction of MO, M1 and M2, in the A1M2 treatmen ,
namely addition sour humate as much as 10 kg/Ha and
mulch with highest average value namely 12.533 while
theMO and M2 treatments showed average value of sum
run away namely 11,667 and 11,933.

On growth parameters wide 100 HST leaves Show that
the average area leaf No There is interaction from
giving sour humate However there is difference real in
giving mulch straw with mark area 692,393 cm 2, on
average treatment sour humate with dose 0 kg/Ha with
doses of 10 kg/Ha and 15 kg/Ha are not show that
combination maintenance dose sour humate different
(Kartika, 2018) .

Nutrients will easy absorbed by plants For used in the
metabolic process , causing reactions produced by
plants (Parawansa, 2024) Humic acid own
composition elements C 40-80%, N 2%, S 1-2%, and P
0-0.3%. Humic acid contain more Lots H, C, N and S
elements . Acid O element levels humate more A little
compared to sour fat (Elismar Pereira de Oliveira et al.,
2024)

Application mulch Plastic and Mulch organic show that
No There is significant difference in the observation
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parametersgrowth tall plants at 53 HST, stem diameter,
number of tuna, heavy wet without husk, amount
seeds, weight dry cob intact, heavy snot dry, amount
leaves, wide leaf .

According to Dani (2018) Mulch plastic and organic,
such as mulch straw, mulch bitter, and mulch plastic
black and silver , can used . Based on opinion The
Umbrella (2019) Lack use mulch organic among others
not can used Again for planting season next and not
always available throughout season, can cause growth
mushrooms in condition humidity high and only can
found around locationagriculture

With giving mulch organic and at the time phase plant
weather No support during study found pest attack plant
that is grasshopper, caterpillar grayak and grasshoppers.
Pests controlled in a way chemical with pesticide as
material active Cypermethrin, Profenofos, and
Deltamethrin. Disease plants, such as bulai, controlled
in away Mechanic with to pull out affected plants and
with use material active Propineb 70%, fungicide
chemical applied For protect healthy plants.

In addition, production mulch plastic black in condition
climate hot can cause temperature high around the root
zone. If the root zone temperature is above average,
growth plant will hampered in a way significant Other
investigations also revealed that use mulch plastic
increasedisease and attack pests on some plant.

Mulch plastic polyethylene also causes waterlogging ,
erosion land , and the reduction capacity retain water
(Asroh et al., 2015) . In addition , according to The
Grace of Allah (2023) use mulch plastic colored will
impact on microbiota land and will to abolish function
experienceecosystem land that has an impact direct and
indirect directto health land .

With technique mulching and acid humate per plant hope
hisFor increase growth,results production and quality corn
the first “BISI 2” hybrid . However after applied results
harvest No in accordance with what is expected.

V. CONCLUSION

Based on the results of the research that has been done,the
following conclusions can be drawn:

1. There is an interaction with plants on theparameters of
the results, namely the weight of wet cobs with husks,
the weight of 1000 grains, and the number of rows
because the nutrients in humic acid can provide
benefits to the yield of corn plants.

2. There is no interaction on the parameters of plant
height 53 HST, stem diameter, number of cobs,weight
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of wet cobs without husks, number of seeds, dry
weight of whole cobs, dry kernel weight, number of
leaves, leaf area due to the provision of insufficient
doses and the time of sampleobservation is only a little
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Abstract—This paper presents a more systematic formulation of the
weighted Taylor series, resulting in a more accurate determination of
the weighting coefficient. The weighted Taylor series is derived by
truncating the Taylor series to the first order and assigning weighting
coefficients to the first-order terms, which reflect the contribution of
higher-order terms. The resulting weighted Taylor series is applied to
the analysis of wave constant equations in deep water, including
wavelength and wave period, which are primarily governed by the
Kinematic Free Surface Boundary Condition. The input for these wave
constant equations is the wave amplitude. Using these wave constant
equations, a shoaling-breaking model is developed, accounting for
wave energy loss. The lost wave energy is then utilized to derive the
radiation current equation, which subsequently leads to the formulation
of the littoral current equation.

l. INTRODUCTION

The fundamental equations of hydrodynamics are often
formulated using truncated Taylor series, which retain only
the first-order terms. The justification for truncation lies in
the assumption that, for sufficiently small intervals in both
time and space, the contributions of second-order and
higher-order terms become negligible. However, this
reasoning is not entirely accurate. As the interval size
decreases, the value of the first-order term also diminishes,
rendering the higher-order terms relatively significant.
Consequently, neglecting these terms can lead to a loss of
important characteristics of the underlying function, as
higher-order differentials carry specific physical meanings.
For instance, second-order differentials are associated with
third-order
differentials convey additional information about the
curvature and behavior of the function. Excluding these
terms compromises the accuracy and completeness of the
representation, as the first-order approximation alone is
insufficient to capture the essential properties of the system.

identifying maxima or minima, while

www.ijaers.com

Despite this limitation, incorporating higher-order terms
into the formulation of the basic equations of
hydrodynamics poses considerable challenges, particularly
in terms of complexity and computational feasibility. To
address this issue, it is necessary to develop a modified
truncated Taylor series that retains the influence of higher-
order terms indirectly. This research introduces such a
formulation, termed the weighted Taylor series, in which
the effects of higher-order terms are embedded into the first-
order term through the use of weighting coefficients.

The accurate determination of these weighting coefficients
requires careful consideration of the interval size at which
the Taylor series can be truncated to a first-order
approximation. Consequently, this research also formulates
an appropriate interval size for numerical modeling,
ensuring that the weighted Taylor series captures the
essential dynamics of the system while remaining
computationally efficient.

Numerical methods, such as the Finite Difference Method
(FDM) and the Finite Element Method (FEM), are
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commonly used to solve the governing equations of
hydrodynamics. These methods rely on small interval sizes,
which must align with the formulation of the basic
equations. By integrating the weighted Taylor series and its
associated interval size, this research aims to enhance the
accuracy and reliability of numerical hydrodynamic
models.

An application of these principles can be seen in the
research of wave energy dissipation in coastal waters, a
phenomenon first described by Longuet-Higgins (1970) as
radiation stress. From the radiation stress equations, the
longshore current equations were subsequently derived.
Understanding longshore currents is crucial, as these
currents play a significant role in coastal erosion and
sedimentation processes.

I THE FORMULATION OF WEIGHTED
TAYLOR SERIES 2-D
The following is Taylor series for a function with two
variables f = f(x, t), (Arden, Bruce W. and Astill Kenneth
N. ,1970)

+ 6x,t+ 6t) = t +6taf+6 df

fx+ 83,6+ 66) = f(,0) + 6t o+ 6x
st2 axf axf  b6x% axf
g O gy T ez T W

x is the horizontal axis and t is time. The simplified formula
is written as follows.
flx+6x,t+68t) = f(x,t) +5; + 5, + 55

...... +s, ..(2)
Where,
§; = 5ti[[—]: + 6x%
5t2 a2 azf  6x*az
52 = Ta_tjzr + otox ata]; * Ta_xé
st3a3f 6t adf sx2 af
=% a2 Paczax %2 seax?
Sx3a3f
6 dx3
Etc.

Odd differential terms of higher order are collected,
flx+6x,t+6t)=f(x,t) +5, +5, +5, + 5S¢ ...

j=2i+1
Where i = 1 to n. For,
2n+1
Z Sj = UpSy e (4)
j=2i+1

The term u,, known as the contribution coefficient, is a
small number. Substituting this into (3) yields:
flx+6x,t+6t) = f(x,t) + (1 + py)s; + 5,

+s, + Sg ... (5
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Expansion to point (x — éx, t — 6t),
flx—=06x,t—=6t)=f(x,t) — (1 + uy)s; + 5, + 5, + 56

Equation (5) subtracted by equation (6),
flx+6x,t+6t) — f(x—6x,t —8t) =2(1 + py)s,
s; is broken down into,

flx+6x,t+6t) — f(x —8x,t —6t) =

2(1 + Staf+21+ 5af
( ) ar ( Uz) xa

This equation represents the total change in the function's
value as it transitions from (x — éx,t — 6t) ke (x +
éx,t + 6t). Subsequently, the equation is normalized by
dividing it by 26x,
flx + 6x,t+ 6t) — f(x — 6x,t — 8t)

26x -

df
dx

At small 8x and &t, this equation represents the total
change per unit length, specifically:

Df staf ar

o= At s+ (Lt ) o (7)

This equation includes higher-order terms, comprising both
even and odd differentials. The Taylor series expansion is
truncated to the first-order terms only.

+ 6x,t + 6t) = +<Saf+6 i
flx+éx,t+68t) = f(x,t) ta_t xa

% in the 3rd term on the right side is substituted with (7)

df
flx + 6x,t+6t) = f(x,t) +5t§

df
a +.U2)a_t+ 1+ )

staf

1
+6x (( + ,le) Sx dt

+ @1+ 3
( H2) dx
Similar terms are grouped,

flx+6x,t+6t)=f(x,t)+ (2 +u2)5t%

+(1 + pu,)é s
Uz)ox dx

And later are defined as,

Yt,z = 2 + Hz ...... (8)

ysz = 1 + ‘UZ ..... (9)

Hence, the final equation is,

d
flx+6x,t+6t)=f(x,t) + yt_26ta—]:

af
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This equation represents a weighted Taylor series expansion
for the function f = f(x,t) and weighting coefficient y, ,
and y, ,.

a. Calculating the contributing coefficient u,.
Equation (4) can be reformulated to express the contribution

coefficient u,, that is
2n+1

_ Lj=2i115)
U = —51
For very small interval between &t and 6x, thus
(ss + s; + s9+..) < s5. Therefore, the final equation can

be approached by,

S3
Ho = —
S1

s3 and s, are broken down into,

Uz =
St3a3f | ot2 . Af 5x? @f | sxPaf
At 7 M mra T O T sraxr T 6 ax®

(s +ox )

(1)
The sinusoidal water wave equation can apply this formula,
f(x,t) = cosat cos kx
Where ¢ = 27" and k = ZT” where T is wave period and L is
wavelength.
The substitution of f(x,t) to (11) within cosot = sin ot
and cos kx = sin kx is as follows.

3 2 2
%03 +%6xk02 +6t%ak2 +

(—6to —6x k)

6x3 | 5
5k

Uy =

The substitution of 5t = ¢,T, 0 = 27" Sx =¢eLandk = ZT”

where &, is the interval coefficient of ¢ axis, while &, is the
interval coefficient of x horizontal axis, thus

& 2 & 2 £z 2 & 2
+2n)? + 5 2n) ey + &5 (2m)* + X (210)

(_gt - Sx)

Uy =

(12
This equation is used to calculate the contribution
coefficient p,. It involves the time interval coefficient &,
and interval coefficient -x, ¢,, explained as follows.

b. Calculation of Interval Coefficients ¢, and &,

In the formulation of the u, contribution equation, it is
essential to assume very small intervals 6t and §x such that
the sum (ss+s;+5s9+ )<« s3. This condition
necessitates that both 6t and 6x be sufficiently small.
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At very small values of 6t and 6x, where s; < s, , the grid

size can be determined using the optimization equation:
S2
S1
€ represents a small positive number known as the
optimization coefficient. The terms s, and s, are further
broken down:
8¢ arf
2! dt?

<eg

af  sx?alf
+ 00X gy + ST Ax2

df df
6tm + (SXﬁ

<e ..(13)

a. Equation for Grid Coefficient ;.
To derive the equation for the grid coefficient &, function
f(¢t) is used
f(t) = cosat
Substituting this function into the equation (13) yields:
st @ f

2! dt?

d

st
Substituting f(t) and applying the condition cosat =
sin at, we remove the absolute value sign and simplify the
expression to:

St
?0' =&
Substituting 8t = &,T and o = 2?” yields the following
equation
&
& = ; P (14—)

This equation is used to calculate the grid coefficient &;.

b. Equation for Grid Coefficient ¢,.
The following equation is used

f(x,t) = cosat cos kx

Substituting  f(x,t) into (13) under the condition
cosat = sinot and cos kx = sinkx is

2 2
~8 52 4 5t sxko - k2

—6to — Ox k

<e¢

Multiplying both the numerator and denominator by —1

2 2
O 52 — st ox ko + 25— k2

oto + 6xk

<¢
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Since the expression within the absolute value sign must be
positive, the absolute value sign can be removed and
multiply the denominator on the right-hand side of the
equation.

2 sz

6t

TJZ — 6t dx ko + Tkz < e(Sto + 6x k)
Substituting 6t = &, T, 6t =&, L, 0 = %ﬂ and k = ZT”,
and assuming equality, we move the right-hand side to the
left-hand side:

2 2
&y £ & E&
5 (et gg) sty =g =0 - (15)

In this equation, &, is already known from equation (14).
There are two possible values for ¢,, and the larger of the
two is selected.

Table (1) Results of ¢, and ¢, calculation

€ & & &y

&t
0.01 0.003183 | 0.009549 | 3.000000
0.02 0.006366 | 0.019099 | 3.000000
0.03 0.009549 | 0.028648 | 3.000000
0.04 0.012732 | 0.038197 | 3.000000
0.05 0.015915 | 0.047746 | 3.000000
0.06 0.019099 | 0.057296 | 3.000000
0.07 0.022282 | 0.066845 | 3.000000
0.08 0.025465 | 0.076394 | 3.000000
0.09 0.028648 | 0.085944 | 3.000000
0.10 0.031831 | 0.095493 | 3.000000

The calculation results for the grid coefficients presented in

Table (1) reveal that as the optimization coefficient ¢

increases, both grid coefficients €, and ¢, also increase,

which is expected. Of particular interest is the ratio Z—" of 3.0.
t

From the definition,

& O6x 1  6xT

& L &/T 6t L

oxT

s >0

ox L

5t = 207

; is wave celerity C, thus
ox

5 =3.0C

This equation is consistent with the Courant (1928)
criterion.

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 12(1)-2025

Table (2): Calculation Results of the Contribution
Coefficients u, weighting coefficients y, , and y,,.

£ Uy Yt2 Vx,2
0.01 -0.001067 1.998933 | 0.998933
0.02 -0.004267 1.995733 | 0.995733
0.03 -0.009600 1.990400 | 0.990400
0.04 -0.017067 1.982933 | 0.982933
0.05 -0.026667 1.973333 | 0.973333
0.06 -0.038400 1.961600 | 0.961600
0.07 -0.052267 1.947733 | 0.947733
0.08 -0.068267 1.931733 | 0.931733
0.09 -0.086400 1.913600 | 0.913600

0.1 -0.106667 1.893333 | 0.893333

Table (2) shows that as the optimization coefficient &
increases, the value of |u,| also increases. This indicates
that the contribution of the third-order odd differential term
becomes more significant.

1. THE FORMULATION OF WEIGHTED
TAYLOR SERIES 3-D
Taylor series for functions with 3 variable f = f(x, z,t) is,
flx+6x,z+6z,t+6t) =f(x,z,t) +5s1 + 55

Where,
=5t ar a
s; =6t T 6xax + 6zaz
St2d*f dzf dzf  6x?dif

=2 1 st 5t el
S2 = Srae T qraxr Y O%% qra, T o axe

dzf +522 d?f
dxdz 2! dz2

+ 6x6z

Etc.

Odd differential terms are grouped
flx+6x,z+8z,t+6t) = f(x,z,t) +s; +5, +

2n+1

Sy + Sg ..t Z S;
j=2i+1
Where i ranges from 1 to n.
For,
2n+1
Z S =M1 e (16)
Jj=2i+1

Taylor series can be reformulated into,
fx+6x,z+62,t+t) =f(x,z,t) + (1 + u3)s; +

Sy + S, +5¢... .(17)
Expansion is then performed to (x — 8x,z — 8z,t — 6t),
yielding
flx—6x,z—6z,t —6t) = f(x,z,t) — (1 + uz)s;
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+s; + 54 +56+ - (18)
Equation (17) is subtracted by equation (18),
flx+6x,z+ 6z,t+6t) — f(x —bx,z— 6z, t — 6t)
=2(1+ ps)sy
s; is broken down,
flx+6x,z+62z,t+6t) — f(x —bx,z— 6z,t — 6t)

=21+ ,113)& y + 2(1 + u3)6x—f

f
+2(1 +u3)é‘z£ (19)

This equation represents the total change in the function
value as it transitions from (t — 6t,x — 8x,z — 6z) ke
(t+6t,x + 6x,z+ 62)
Equation (19) is divided by 2 6x,
ft+8t,x+8x,z+82z) — f(t — 6t,x — 6x,z — 62)

26x

td d
= U)o ) o+ () o

This equation represents the change in the function value in
the -x axis direction per unit length. As &t, 6x and 6z y
approach zero, the total differential in the -x axis is:

Df stdf af
I ¢! +M3)aa—t+ (T +us) 7
+(1+u )— —f ..(20)
¥ 6x dz
Similarly, the total differential in the -z axis is,
Df af dxdf
dz (1+#3)6 @ + (A +u3) — 57 dx
df
+(1+ u3) iz ..(21)
The first-order Taylor series expansion is:
ft+6t,x+d6x,z+ 82)
d
= f(t,x,2) +6t—f+6x—f+6 a—];

— |n the 3rd term is substituted by (20) and the third term
of the right side is substituted by (21),

d
ft+8t,x+8x,z+82z) = f(t,x,z) + (3 + 2u3)dt E[_}:

+(2 + 2u3)é E[f+(2+2 )8 af
Us xE[x Us ZE[Z

Defined as,
Yes =3+ 2u3
Va3 = 2+ 2u3

Yz3 = 2+ 2pu;
Therefore,
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d
ft+8t,x+6x,z+ 6z) = f(t,x,2) +y. 36t ET

t
d d
+Y5,30% f+]/z($z—f ... (22)

This equation represents a weighted Taylor series expansion
for the function f = f(x, z, t), with weighting coefficients

Yt3r V3 andy,.

The calculation of the grid coefficients ¢, and &, follows
the same method as the calculation for the function f =
f(x,t), while the equation for €, d is formulated similarly

to that of ¢,., by using the optimization equation:
S2

<e
S1
Substituting s; and s,,
d d
§; = 6t—f + 6x—f+ 62—f
dz
6t2 2f aZf aZf
= + StdHx otd.
52 = or Az arax T °%qraz
6x2d%f
2! dx?
af sz A
0x0 —_—
toxX0z Az T o A
Substituting

f(x,2,t) = cosatcoskx coshk(h + z)

under cosot = sinot, coskx = sinkx and cosh k(h +
z) =sinhk(h + z). Substituting 6t =¢,T, 6x=
&Land 6z =¢,L serta o= Z?H and k = ZTH yields the

equation:
1 £ g2 g2
ESZZ —(St +€x +£)€Z—7+St€x—7x
& €&y
—+—=0 ..(23
+ 2 + 2m (23)

In this equation, &, and &, are known constants, with &, is
calculated using equation (14) and ¢, is calculated by (15).
The equation has two roots, and the largest root is chosen.

The equation for calculating the contribution coefficient us
is formulated in the same manner as for u,. Yielding,

a
/,43 = E s (24)
(2m)? (2m)? (2m)?
== &+ > ete, — 5 ete, +
2m)3 2m)3
%steﬁ + (2m)3¢8,8, — %stezz
(2m)? (2m)? (2m)?
+— e — 5 ele, — 5 £,&2
@n)® |
6
b = —2me, — 2me, + 2me,
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Table (3) Values of €, and 5

€ &z U3
0.01 | 0.028648 | 0.049333
0.02 | 0.057296 | 0.098667
0.03 | 0.085944 | 0.148000
0.04 | 0.114592 | 0.197333
0.05 | 0.143239 | 0.246667
0.06 | 0.171887 | 0.296000
0.07 | 0.200535 | 0.345333
0.08 | 0.229183 | 0.394667
0.09 | 0.257831 | 0.444000
0.1 | 0.286479 | 0.493333

Table (4) Values of y, 3, v,z and y,3

£ V3 Vx3 Vz3

0.01 | 3.098667 | 2.098667 | 2.098667
0.02 | 3.197333 | 2.197333 | 2.197333
0.03 | 3.296000 | 2.296000 | 2.296000
0.04 | 3.394667 | 2.394667 | 2.394667
0.05 | 3.493333 | 2.493333 | 2.493333
0.06 | 3.592000 | 2.592000 | 2.592000
0.07 | 3.690667 | 2.690667 | 2.690667
0.08 | 3.789333 | 2.789333 | 2.789333
0.09 | 3.888000 | 2.888000 | 2.888000

0.1 | 3.986667 | 2.986667 | 2.986667

V. WAVE CONSTANT EQUATIONS IN DEEP
WATER
The continuity equation, as formulated in Equation (22),
where y,. 3 = y, no longer represents a weighted continuity
equation, nor does it take the form of a weighted Laplace
equation as discussed in Hutahaean (2023a). The velocity
potential derived from solving the Laplace equation via the
method of variable separation (Dean, 1991) is given by:
¢(x,z,t) = G(cos kx + sinkx )
coshk(h + z) sinot .... (25)
Where,
x is the horizontal coordinate, z is the vertical axis and t is
time.
G : is the wave constant

k : is the wave number, k = ZT" L is wavelength

: 21 . .
o : is angular frequency, o = - T is wave period.
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There are three wave constants: G,k and o , equation of
which must be determined.
a.  Wave Amplitude Function
At the characteristic point where coskx = sinkx, the
velocity potential equation becomes:
¢(x,z,t) = 2G cos kx cosh k(h + z) sinat .. (26)
By applying the Kinematic Free Surface Boundary
Condition (Equation 10), the following is obtained

dn dn
Wn =7Yt2 a + Yx,zun a

This equation can be reformulated into,
dn dn

Yoz gy = Wn = Va2ly e (27)
n(x,t) is the water surface elevation relative to the still
water level, w, (x, t) is the vertical velocity of surface water
particles, u,(x,t) is the horizontal velocity of surface
water particles.

d¢

Substituting (26) into (27) where u = — =2 andw = — %

and integrating to t obtaining a wave amplitude function
Hutahaean (2023b),

2Gk
A=

Vt,20

A is wave amplitude, 6 is deep water coefficient, where

tanh 8w = 1. In this research, 8 = 3 is used to keep the

deep water sea bed horizontal particle velocity very small
and to avoid large wave amplitude in the coastline.

]/x,Z kA
2

cosh Or <tar1h or — ) ... (28)

A new wave constant amplitude A is obtained. In this
research, wave amplitude A is the input, therefore wave
amplitude A is an identified variable.

The next step involves formulating the wave constant
equations for o, k and G as the function of wave amplitude
A.

b. Formulation of equation for G.

In this section, the complete velocity potential equation is
applied to the Kinematic Free Surface Boundary Condition
to derive wave constant equations consistent with the
complete velocity potential. The formulation re-employs
the Kinematic Free Surface Boundary Condition to ensure
that the derived wave constant equations are rigorously
aligned with this boundary condition. Through the
utilization of the complete velocity potential, the
corresponding water surface elevation equation is
formulated as follows:

Gk
Yt,20

n(x,t) = sinh k(h + 1) (cos kx + sin kx) cos at

VG k
Vt20

+

d
cosh k(h +1n) % (—sinkx + cos kx) cos at
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. d
n maximum when ﬁ: 0 and cosat =1, where for

sinusoidal wave 1,,.. = A4, the following relation is
obtained

Gk
A= sinh k(h + 1) (cos kx + sin kx)
Vt20
At cos kx = sin kx and k(h + n) = 0m, therefore
V2 Gk
A= sinh 6n ....(29)
Vt20

This equation can be reformulated into equation for G as
follows.
V204

= ..(30
V2 k sinh 61 (30)

c. Formulation of the Deep Water Wave Number k
equation

By equating Equation (28) with Equation (29), the equation

for the wave number k is

tanh 6
k= 2-+2 ...(31
Vx,ZA ( ) ( )
d. Formulation of the Equation for Wave Period T.

The Euler momentum conservation equation is employed,
with the assumption that convective acceleration is
negligible,

du, dn

—_—=—g— ....(32
Vi3 at gE[x (32)

u is horizontal particle velocity where u = — %, is potential

velocity ¢ using (26).

For water surface elevation equation, the following is used:
n(x,t) = Acoskx cosat

Obtaining an equation,

Ye32Go cosh O = gA
Substituting A to (29) yielding:

gk tanh On
ol="— ...(33)
\/El’t,zl’t,s
Substituting k and (31),
, _gtanh® 6m 72
gt =——(V2-1 ...(34
Yt,2Ve3Vx24 ( ) (34

e. Results of Deep Water Wave Constants Equations.

In this section, the calculation results of deep water wave
constants, including the wave period T and wavelength L,
using input wave amplitude A, where H, = 24,. Table (5)
presents the result.
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The weighting coefficients used in these calculations are
obtained through the optimization process, with an
optimization ~ coefficient &= 0.005, where y,, =
1.999773, Ye3 = 3.049333, y, = 0.999733. These
coefficients will be applied in subsequent equations in this
research.

Table (5) Deep water wave constants

H, T Lo H,
(m) (sec) (m) Lo
0.4 3442 | 2145 | 0.187
08 4867 | 4289 | 0.187
1.2 5961 | 6.434 | 0.187
16 6.883 | 8579 | 0.187
2 7696 | 10.723 | 0.187
2.4 8.431 | 12.868 | 0.187
2.8 9.106 | 15.012 | 0.187
3.2 9.735 | 17.157 | 0.187
36 10.325 | 19.302 | 0.187
4 10.884 | 21.446 | 0.187

The wave steepness, ? where %=0.187. When
0

0
compared with the critical wave steepness criterion from

Toffoli et al. (2010), where % = 0.170 itis evident that the
0
calculated wave steepness is slightly larger. This indicates

that the wavelength equation (31) produces a critical wave
steepness for a given input wave amplitude.

To further assess the condition of the resulting wave period,
a comparison is made with the wave period equation from
Wiegel (1949, 1964), given by:

Hy
Tyieg = 15.6 "

The comparison is presented in Table(6) and Fig (1)

... (35)

Table (6) The Comparison to Wiegel’s Wave Period.

H, T Twieg 5
(m) (sec) (sec) (%)
0.4 3442 | 315 | 9.259
08 4867 | 4.455 | 9.259

1.2 5.961 5.456 9.259
1.6 6.883 6.3 9.259
2 7.696 7.044 9.259

24 8.431 7.716 9.259
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2.8 9.106 8.334 9.259
3.2 9.735 8.91 9.259
3.6 10.325 9.45 9.259
4 10.884 9.961 9.259

0=To-wieg

Note : § = x100%

0-Wieg
T from equation (34) differs by 9.259% from the wave
period in Wiegel’s formulation, a difference considered
reasonable, indicating that the result from equation (34) is
still reliable. If the right side of equation (34) is multiplied
by 1.2116, the wave period would match that of equation
(35). However, the goal of this research is not to match the
wave period in equation (35), but to explore the potential
within the existing conservation equations. Equation (35)
does not guarantee exact correct wave period.

15
< 10
Q
2
— 5
0
0 1 2 3 4
H (m)
——T0-eq(36) TO-Wieg

Fig (1) Comparison of wave period eq (34) with Wiegel's
wave period.

Equation (34) shows that all the weighting coefficients are
included, making the equation sensitive to their values. As
the optimization coefficient € decreases, the difference from
the Wiegel equation also decreases, but it remains around
8.xxx%. For example, € = 0.001 results in a difference of
6 = 8.571 %, with a wave steepness of 0.187. Therefore,
this research uses the weighting coefficients obtained with
€ = 0.005, ensuring that the influence of higher-order
differentials on the coefficients is not entirely lost.

V. SHOALING-BREAKING MODEL

The shoaling-breaking model is formulated using the wave
amplitude function (eq. (28)) as follows.

2Gk

kA
A= cosh Or (tanh om — Yx2 ) ..(28)
Yt 20
To make formulation easier, it is defined
1 kA
A= cosh Om (tanh om — £ ) ..(36)
Yt20 2
Thereby,
A =2GkA ...(37)
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Differentiation of the Wave Amplitude with respect to the
Horizontal -x,

dA 2<Gdk kdk>/1 38
Ix 7 Ix . (38)
Where — = 0 with respect to wave number conservation
equatlon (Hutahaean (2023h)), % =0.
Equation of energy conservation (Hutahaean (2023b)),
G dk + 2k a6 0 39
T ...(39)
Or
dG _ G dk
dx  2kdx

Substituting the last equation to (38),
dA G dk 40
dx  dx - (40)

The equation of wave number conservation (Hutahaean,
2023b) is expressed as

dk (h+ %)
dx
This equation can be reformulated into,
dA dk dh
ka =-2 <h+5>a— ZkE
Substituting the left-hand side with Equation (40), this
leads to the following equation for %,

=0

dk k dh "
dx ., A GkAdx e (41)

h+5 +T

a.  Summary of Shoaling-Breaking Equations.
For waves moving from a point x and water depth h, to x +
éx and water depth h,. s,, therefore

a. Change in Wave Number:
dk k dh

Friae md" e (41)

dk
kyvsx = ky + 6xa
b. Change in wave amplitude
d—A = iﬁ ..(40)
dx 2kdx
A= - cosh 6m (tanh om — %) ..(36)

dA
Ayisx = Ax + 636%
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c. Chance in wave constant G
Integration of energy conservation equation (39),

1
Grrsy = eln Gx—i(ln Kxtsx—Inky)
xX+6x

d. Change in wave energy
The wave energy equation at one wavelength is given by

E—1 H2L
=gPy

Or,
2
E = —
npg X

The wave energy change is,
dE _ 2AdA  A%dk 42
dx P9I\ ax k2 dx - (42)

dE
Exyox = Ex + SXE

Where £ from (40) and 2 dari (41).
dx dx

b. Shoaling-Breaking Model Results.

The results of the shoaling-breaking model for a wave with
a deep water amplitude A, = 1.20 m are shown in the
following section. The deep water coefficient is set at 6 =
3, and the optimization coefficient used for calculating the
weighting coefficients is e = 0.005.

In Fig (2), the wave height H and 0.1 H2L, are plotted
against water depth. The factor of 0.1 H2L is used to prevent
the H from having smaller value.

8
-
T 6
=
s 4
025 \
2

0

0 5 10 15 20
h (m)
—H 0.1HHL

Fig (2) Changes in wave energy during shoaling and
breaking

Fig (2) illustrates that the value of HZ?L decreases
continuously as the wave enters shallow water, which
corresponds to the shoaling process. At a water depth of h =
6.669 m wave breaking occurs. Notably, the H2L graph
remains continuous at the breaking point, and no sudden
spike in energy loss is observed. The remaining wave
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energy at this point is calculated to be 0.675 E, as shown in
Table (7).

Table (7) Wave Energy at the Breaking Point

T H, H, hy, E,

(sec) | (m) (m) (m) Eq
04| 3467 | 0.528 1.111 | 0.675
08| 4904 | 1.057 2223 | 0.675
12| 6.006 | 1.585 3.334 | 0.675
16| 6935| 2113 4.446 | 0.675
2| 7.753 | 2.642 5,557 | 0.675
24| 8.493 3.17 6.669 | 0.675
28| 9.174| 3.698 7.78 | 0.675
32| 9807 | 4.227 8.892 | 0.675
3.6 | 10402 | 4.755| 10.003 | 0.675
4] 10965 | 5.283 | 11.115| 0.675

c.  Shoaling-Breaking Model Evaluation

To assess the reliability of the shoaling-breaking model
developed in this research, a comparison was made between
the breaking wave height calculated using the model and the
breaking wave height obtained from the Komar and
Gaughan (1972) equation. The equation used for
comparison is:

Hy_xe = 0.39 g /s(TyH?) s e (43)

Table (8): Evaluation of the Shoaling-Breaking Model
Breaker Height Against the Komar-Gaughan Breaker
Height

H, T H, Hp—xe 5
(m) (sec) (m) (m) (%)
0.4 3467 | 0528 | 0486 | 8.606
08 4904 | 1.057 | 0973 | 8.606
1.2 6.006 | 1585 | 1459 | 8.606
16 6.935 | 2113 | 1.946 | 8.606
2 7.753 | 2642 | 2432 | 8.606
2.4 8493 | 317 | 2919 | 8606
28 9.174 | 3.698 | 3.405 | 8.606
3.2 9.807 | 4227 | 3.892 | 8.606
36 10402 | 4.755 | 4.378 | 8.606
4 10.965 | 5283 | 4.865 | 8.606

Note : 6 = |W| x100%
b—-KG
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Fig (3) The comparison of the breaker heights predicted
by the shoaling-breaking model and the Komar-Gaughan
method.

The observed difference is 8.608 (moderate).

d. Energy Loss Evaluation.

In the context of energy loss during shoaling and breaking,
the remaining wave energy at the breaking point is found to
be 0.675E,, where E, represents the initial wave energy
in deep water. To further evaluate the accuracy of energy
loss, the breaking wave height equation is formulated using
the energy loss equation:

HZL, = 0.675 HZL, .. (44)

From equation (31), breaking occurs when

kA
tanh O — )/sz =

This equation yields,
L, = Ty x,2Hp
2 tanh 67
Substituting (45) to (44),
2x0.675 tanh Om

0

... (45)

H=————H?L ... (46
; — 8Lo (46)
From (31),

TYx,2Ho
Ly, = - . (47
0 (2 —+2)tanh 6n 7
Substituting (47) to (46) obtains,

1/3
0.675
.. (48)

Hy=——<| H
“\6-3

Table (9) The Comparison between H,_,g, €q(48), and
Hjp-Komar-Gaughan

HO T Hb—4-8 Hb—KG 6
(m) (sec) (m) (m) (%)
04| 3467 | 0528| 0486 | 8612
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0.8 4.904 1.057 0.973 8.612

1.2 6.006 1.585 1.459 8.612

1.6 6.935 2.113 1.946 8.612

2 7.753 2.642 2432 8.612

24 8.493 3.17 2.919 8.612

2.8 9.174 3.698 3.405 8.612

3.2 9.807 4.227 3.892 8.612

3.6 | 10.402 4.755 4.378 8.612

4| 10.965 5.284 4.865 8.612

Note : § = |W| x100%
b—-KG

Upon comparing the breaking wave heights calculated from
the energy loss equation Hj,_,g that is H,-eq(48) and H,-
Komar-Gaughan (Table (9)), it is observed that both
produce breaker heights that are close. This indicates that
the shoaling-breaking model, which uses wave energy loss
as part of its formulation, yields accurate results for the
breaking wave height. Since H,_,g is derived using the
energy loss during shoaling and breaking, the close
agreement between the two sets of results suggests that the
model effectively accounts for wave energy loss.

The loss of energy during shoaling and breaking processes
is converted into kinetic energy for non-orbital currents,
known as stress radiation (Longuet-Higgin, 1970), with
some of this energy transforming into longshore currents.
The shoaling-breaking model accurately estimates the
kinetic energy of these longshore currents, and its ability to
predict their velocity is crucial for understanding coastal
dynamics, such as sediment transport and shoreline
changes.

VI. LONGSHORE CURRENT ANALYSIS

Wave energy lost during shoaling and breaking is converted
into the kinetic energy of non-orbital currents that move in
the same direction as the wave. This release of wave energy
is known as stress radiation.

The loss of wave energy at one wavelength is expressed by
(42), then the water particle energy losses is

dE

dx

OE, = —-

w pL

The energy kinetic particle due to radiation current,

V2
Ek = _R
29

Then this equation applies,
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. |dE
Vi _|dx
2g pL

Substituting (42)

2AdA  A*dk

, _2mg*|24dA A*dk
k dx k?dx

R L

.. (49)

Vg is the total velocity of the radiation current. For waves
that form an angle « t to the normal of the coast, the
longshore current velocity is:,

.. (50)

An example of the radiation current velocity analysis V is
shown in Figure (4), where the waves used have a deep-
water wave height H, = 2.4 m , with breaking occurring at
a breaker depth of h;, = 6.669 m.

Vg =Vgsina

H (m) & VR (m/sec)
o = N w N

15 20
h (m)

—H (m) VR (m/sec)

Fig (4) Stress radiation current velocity V.

Similar to the wave energy graph, this radiation current
graph is continuous, with no spike at the breaking point. The
highest velocity is 1.13 m/sec, occurring at a water depth of
h = 2.65 m, while at the breaker depth of h, = 6.669 m,
velocity V; = 0.57 m/sec. Notably, the maximum velocity
does not occur at the breaking point. As shown in Figure
(4), the maximum velocity occurs at a depth where the wave
height has decreased significantly.

Table (10) presents the radiation current velocities at
different wave periods. It shows that the maximum current
velocity does not occur at the breaking point, but rather at a
shallower water depth than the breaker depth. For example,
with a deep-water wave height H, = 2.0 m, V the radiation
current velocity at the breaking point Vz_, = 0.52 m/sec
at a breaker depth of h, = 5.56 m, while the maximum
velocity V.., = 1.03 m/sec, occurs at a shallower water
depth of hy, ;g = 2.21 m.
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Table (10): Velocity V at breaking point V;_, and
maximum speed V4,

Ho | T | Vep | ho Vnax | Pumx
(m) | (sec) | (m) | (mfs) | (mfs) | (m)
04 | 347 | 023 | 111 | 046 | 044
08 | 49 [033| 222 | 065 | 0.88
12 | 601 | 04 | 333 | 08 | 133
16 | 693 | 046 | 445 | 092 | 177

2 | 775 | 052 | 556 | 1.03 | 221
24 | 849 | 057 | 667 | 113 | 2.65
28 | 917 | 061 | 7.78 | 122 | 3.09
32| 981 [ 066 | 889 13 | 353
36 | 104 | 07 10 138 | 3.98

4 1096 | 073 | 1111 | 145 | 4.42

a. Results of Prior Research

The theory of stress radiation was first proposed by
Longuet-Higgin (1970), which describes how wave energy,
transferred through the orbital motion of water particles, is
converted into non-orbital currents moving in the same
direction as the wave. Based on this theory, the longshore
current equation was formulated. Several researchers have
developed longshore current equations based on Longuet-
Higgins' theory, which are widely used in the field:

1. Komar (1976), modified Longuet Higgins
Viom = 2.7 (yz—b,/gHb) sinay cos ay,
Where y,, = 0.78

2.Galvin, C. (1987)

Ve = g mT sin2aq,,

T: wave period

m: bottom slope

Table (11) presents a comparison of the longshore current
velocity model results at the breaking point V;_,, as derived
from the model and the equations from Komar and Galvin,
using an angle a, = 15°, resulting in model V,_, as the
smallest among the three methods..
Table (11) Comparison longshore current velocity at
breaking point.

T Hb VKom VGal VL—b
(sec) (m) (m/sec) | (m/sec) | (m/sec)
3.47 | 053 0.6 0.17 0.06

4.9 1.06 0.85 0.24 0.09
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6.01 1.58 1.04 0.29 0.1
6.93 2.11 1.2 0.34 0.12

7.75 2.64 1.34 0.38 0.13
8.49 3.17 1.47 0.42 0.15
9.17 3.7 1.59 0.45 0.16

981 | 4.23 1.7 0.48 0.17
104 | 4.75 1.8 0.51 0.18
10.96 | 5.28 1.9 0.54 0.19

Table (12) compares the longshore current velocities from
Komar and Galvin with the maximum velocity from the
model. As seen in the table, the model results are still the
smallest, but they are quite close to the longshore current
velocity from Galvin.

Table (12) Comparison with the maximum velocity.

T Hb VKom VGal VL—max
(sec) (m) | (m/sec) | (m/sec) | (m/sec)
3.47 0.53 0.6 0.17 0.12

4.9 1.06 0.85 0.24 0.17
6.01 1.58 1.04 0.29 0.21
6.93 2.11 1.2 0.34 0.24
7.75 2.64 1.34 0.38 0.27
8.49 3.17 1.47 0.42 0.29
9.17 3.7 1.59 0.45 0.31

9.81 4.23 1.7 0.48 0.34
104 | 4.75 1.8 0.51 0.36
10.96 | 5.28 1.9 0.54 0.38

However, velocities from the model and Galvin's equation
occur at different water depths.

There is a significant difference between the model results
and those from previous equations. The previous equations
are applied to the breaker depth, whereas the maximum
velocity in the model occurs at a shallower depth, not at the
breaker depth.

Nevertheless, the analysis of breaker height and the
remaining wave energy at the breaking point validates the
accuracy of the wave energy release in the shoaling and
breaking model, which in turn confirms the accuracy of the
resulting longshore current.

The calculations in Table (12) are performed using a deep-
water coefficient of 6 =3.0. In Table (13), with a

coefficient 8 = 1.95, where :—: ~ 0.78, V,_max 1S found

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 12(1)-2025

close to V;,;, however these velocities occur at different

water depths. V;;,; occurs at the breaker depth, while V, _,, .

occurs at a shallower water depth (see Table (10)).

Table (13) Comparison longshore current velocity at 8 =
1.95.

T | Hy | Vkom | Vea | Vi-mar
(sec) (m) | (m/sec)
347 | 053 0.6 0.17 0.16
4.9 1.06 0.85 0.24 0.22
6.01 1.58 1.04 0.29 0.27
6.93 211 1.2 0.34 0.31
7.75 2.64 1.34 0.38 0.35
8.49 3.17 1.47 0.42 0.39
9.17 3.7 1.59 0.45 0.42

(m/sec) | (m/sec)

9.81 4.23 1.7 0.48 0.44
10.4 4.75 1.8 0.51 0.47
10.96 | 5.28 1.9 0.54 0.5

VII.  CONCLUSION

This research shows that the method used to formulate the
weighting coefficient in the weighted Taylor series is more
systematic and accurate compared to the previous approach
by the same researcher. By applying the correct weighting
coefficient, the resulting weighted Taylor series effectively
represents the complete Taylor series.

The development of the shoaling-breaking model through
the application of the weighted Taylor series yields accurate
predictions for both the breaker height and the remaining
energy at the breaking point. Therefore, it can be concluded
that the shoaling-breaking model in this research
successfully simulates the release of wave energy, or stress
radiation, with high fidelity. Moreover, given the
appropriate kinetic energy supply from the shoaling-
breaking model, it can be concluded that the longshore
current produced by the model is accurate.

The maximum longshore current velocity does not occur at
the breaking point. Instead, it is observed at a shallower
depth than the breaker depth, specifically at a depth where
a significant reduction in wave energy occurs.
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Abstract—This research aims to determine the strategy for recruiting
new students at IAKN Tarutung. Currently, competition between state
and private universities in accepting new students is increasingly
competitive. This is proven by the decreasing trend of prospective
students registering at IAKN Tarutung, especially in the Cultural and
Religious Tourism study program (as the research sample). Based on
data from active students in The Cultural and Religious Tourism Study
Program, the K-Means algorithm can be implemented to assist
decision-making in determining effective promotional targets for the
following year. The results of the research show that data processing
for students from the classes of 2021, 2022, and 2023 shows different
trends based on Criterion 1 (high school or equivalent vocational
school graduates), Criterion 2 (student achievement at their school of
origin), and Criterion 3 (community economic ability). Based on data
from Criterion 1, criterion 2, and criterion 3, it is stated that
promotional strategies must continue to be carried out in all high
schools or equivalent vocational schools (public and private) and
provide scholarships for prospective Cultural and Religious Tourism
study program who are outstanding or economically disadvantaged.

L. INTRODUCTION

The process of admitting new students to a university result

The rapid development of information technology covers
almost all sectors such as the economy, industry, education,
and other areas of life (Rashid & Kausik, 2024; Roztocki et
al., 2019). This results in the availability of extensive data
that can store important information with several processes
(Nasution et al., 2021; Plekhanov et al., 2023; Wang, 2024).
The application of information technology in education can
also produce abundant data, starting from learning process
data and personal data of teachers and students (Jud et al.,
2023). In a higher education institution, a large amount of
data is stored as historical data, which continues to grow,
such as student data (Ma, 2024; Plekhanov et al., 2023;
Razavian et al., 2024).

www.ijaers.com

in additional data collection every year and creates a large
amount of data in the database (Nasution et al., 2021).
Students who are undergoing the selection process for
admission to a university usually provide profile data on
campus. The stored data will be integrated into each faculty
and related study program. The data will then be used for
student administration purposes as part of the learning
process during lectures at the university. IAKN Tarutung is
one of the state universities under the auspices of the
Ministry of Religion located in North Sumatra. IAKN
Tarutung offers postgraduate programs and three faculties,
namely FISHK, FIPK, and FIT. Each faculty has several
study programs that can be chosen by students. Young
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learners to obtain education develop their potential and
channel their interests. The New Student Admissions
activity at IAKN Tarutung is a routine activity held every
year to recruit new students. IAKN Tarutung always
improves the quality of facilities and infrastructure,
teaching staff, education staff, administration, and other
facilities and infrastructure to attract prospective new
students. However, it is very unfortunate that information
about each faculty and study program is not well distributed.
Moreover, the emergence of many other universities in the
North Sumatra region and Indonesia has created very tight
competition for IAKN Tarutung in accepting new students.

Currently, the competition between state and private
universities to accept new students is getting tighter (Jud et
al.,, 2023). Some people spend a lot of money on
promotional media and some offer various offers such as
affordable tuition fees, promises of easy jobs after
graduation, and so on (PrastYesbudi et al., 2024).
Therefore, careful planning is needed in determining the
scope of promotion to achieve the target of accepting new
students each year and expectations to produce the best
human resources to support quality national development in
the future. postgraduate students (Haleem et al., 2022; Jud
et al., 2023; Naibaho, 2019; PrastYesbudi et al., 2024).

The application of information technology in the field of
promotion can help campuses manage data that can store
valuable and useful information so that it has its own added
value so that the desired goal is achieved in recruiting
students with the best potential (Haleem et al., 2022;
Wahyudi & Arroufu, 2022). (United Kingdom: 2020).
Promotion is the key to success for a university that wants
to introduce its campus environment to attract the attention
of prospective applicants (Bengnga & Ishak, 2018; Haleem
etal., 2022; Wahyudi & Arroufu, 2022).

Promotion requires precise planning so that all promotional
objectives can be achieved so that competition also
increases in each region with the dissemination of targeted
information (Gémez-Olmedo et al., 2024; R. Kumar et al.,
2025). The large collection of student data obtained by
generating big data will be an opportunity to find
information from many groups based on data characteristics
on campus. (Firat & Gungor, 2009; S. Kumar et al., 2021;
Nasution et al., 2021; Saltz, 2021), Many student data sets
are formed so that effective and efficient campus promotion
goals can be determined.

One of the causes of the decline in the number of students
in higher education is the inappropriate planning of
promotional strategies that will have an impact on the
fluctuation of the number of new students (Abbas et al.,
2019; Dwivedi et al., 2021; Valero & Van Reenen, 2019).
This large amount of data can be processed using data
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mining science. Data mining is designed to explore data to
find consistent patterns by applying the patterns found to
new subgroups (Handoko et al., 2020; Li et al., 2025; Peng
etal., 2024; Shu & Ye, 2023).

Data collection for new student admissions can be done
using the K-Means clustering method, which groups data
into several groups based on data similarities, while data
that has different characteristics will be grouped into other
clusters that have the same similarities (Darmansah &
Wardani, 2021; Hu & Su, 2008; Park et al., 2025). K-Means
clustering has the advantage of being able to create large
data sets quickly and efficiently (Bang & Jhun, 2014; Fuss
et al., 2016) to help decision-makers determine effective
promotion goals for the coming year (Bengnga & Ishak,
2018).

To meet expectations regarding the number of new students
accepted each year, this study was conducted to analyze and
process data on new student admissions for 2021-2023 at
IAKN Tarutung to obtain information that can help
determine promotion goals in the following year. The data
attributes that will be used in this study focus on the type of
school of origin (Senior High School, Vocational School,
Or Equivalent), The Success/Failure of Education, and the
economic situation of the student's family, which should
help and provide information to the PMB team. conducting
promotions in various schools in Indonesia, especially in the
North Sumatra region. Processing these data attributes will
produce several groupings to determine job promotion
targets at IAKN Tarutung.

II. RESEARCH METHODOLOGY

The method used in this study is an applied method, namely
the researcher applied the Data Mining method with the K-
Means Clustering algorithm to the data of students of the
Cultural and Religious Tourism study program from 2020
to 2023 at the State Christian Institute to be analyzed and
grouped according to regional distribution and according to
school of origin based on the cumulative achievement index
during the first two semesters, namely one grade and second
grade. To carry out the K-Means Clustering process, of
course, requires a lot of data and according to what is
needed, in this study, the researcher used data from students
of the Cultural and Religious Tourism study program from
2020 to 2023 at the State Christian Institute (IAKN)
Tarutung. Data collection at IAKN Tarutung is sufficient by
attaching a research permit letter from IAKN Tarutung and
attaching a research proposal to the academic section of
IAKN Tarutung. After receiving a reply from IAKN
Tarutung, the data can be taken to the student data section
by copying the data according to the needs that have been
written in the proposal. For the coding process of various
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commands and functions needed to build an application
with the K-Means Clustering algorithm, Microsoft Visual

Table 3.1 Performance Weighting 1
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] } ) No Type of Secondary School Score
Studio 2010 was used. The first stage carried out by the _ _
researcher was to create a web application system design 1 Senior High School 9
using the DFD method. (Data Flow Diagram) and ERD 2 Vocational School Equivalent 8
(Entity Relationship Diagram). The DFD method is a
system design method that explains the flow and process o
information in the system being built, while the ERD Table 3.2 Performance Weighting 2
method is a system design method that describes the No Student achievement at school Score
databa§e c'iesign model of the system being built. The 1 Achievement 9
following is the system design. i
2 Underachievement 8
II1. RESULT AND DISCUSSION o
A. Initial Data Table 3.3 Performance Weighting 3
Student criteria data consists of three aspects, namely: No | The economic situation of students | Score
1. Type of secqndary school of or‘1g1n (Semor. High 1 Capable 9
School, Vocational School, or equivalent), hereinafter
referred to as Criteria K1. 2 Less capable 8
2. The student achievements while at high school or
equivalent (student achievements include ever having 1. Student data for the Cultural and Religious

ranked in the top 10 or received other academic
awards), hereinafter referred to as Criteria K2.

3. The economic situation of the student's family (the
economic capacity of the student's family), hereinafter

referred to as the K3 Criteria.

Tourism study program consists of three

batches 2021, 2022, and 2023. Data on Cultural

Table 3.4 Data for Cultural and Religious Tourism Study Program, 2021 intake before Weighting

and Religious Tourism Study program, 2021
intake

Criterial Criteria 2 Criteria 3

No Name of Students o ] Economic

Type of School of Origin | Achievement Conditions

1 | Yunvinus Molama Senior High School No Less Fortunate

2 | Melkisedek Wuwute Senior High School No Less Fortunate

3 | Fifin Murnikmat Lase Vocational School Yes Less Fortunate
4 | Gebri Margaretha Verbauli Senior High School Yes Capable
5 | Meilani Lida Siahaan Senior High School Yes Capable
6 | Evi Agustina Harianja Vocational School No Capable
7 | Juliana Marbun Senior High School No Capable

8 | Nelli Oktavisari Silitonga Vocational School Yes Less Fortunate

9 | Severoni Lase Senior High School No Less Fortunate
10 | Yestin Harefa Vocational School No Capable
11 | Naomi Angel Veronika Hutagalung Senior High School No Capable

12 | Kristiawan Ndraha Senior High School Yes Less Fortunate
13 | Melista br.Marbun Lumban Gaol Senior High School Yes Capable
14 | Mira Silitonga Senior High School Yes Capable
15 | Pernando Panjaitan Senior High School Yes Capable
16 | Putra Rata Harefa Senior High School Yes Capable

17 | Cari Nosta Adil Laoli Senior High School No Less Fortunate
18 | Elisabeth Oktavia Sihombing Senior High School Yes Capable
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19 | Ezra Angelita Simanjuntak Vocational School No Capable
20 | Gladys Sitanggang Senior High School Yes Capable
21 | HelmaYesna Hutasoit Senior High School No Capable
22 | Ensiklira Silaban Senior High School Yes Capable
23 | Jonathan Mark Manullang Vocational School No Less Fortunate
24 | Jupita Sianturi Senior High School No Less Fortunate
25 | Paian Jonatan Nababan Senior High School No Capable
26 | Romasi Ernawati.S Senior High School No Capable
27 | Sebastinus Gulo Senior High School No Less Fortunate
28 | Eska Romauli Simamora Senior High School Yes Capable
29 | Fairy Sinaga Vocational School No Capable
30 | Putri Ayu Andriani Simanjuntak Senior High School Yes Capable
31 | Christien Senior High School Yes Capable
32 | Dini Resavita Hariandja Vocational School No Capable
33 | Esra Silali Senior High School No Capable
34 | Ifo Siska Sigalingging Senior High School Yes Less Fortunate
35 | Repalita Gulo Vocational School No Capable
36 | Putri Sapta Maria Silitonga Senior High School No Capable
37 | Santa TiaSenior High School Senior High School Yes Less Fortunate
38 | Sanovida Tamba Senior High School Yes Capable
39 | Pontianus Rekaman Halawa Vocational School No Capable
2. The data for the Cultural and Religious Tourism study program from the 2021 intake after weighting is
shown in Table 3.5 below
Table 3.5 Data for Cultural and Religious Tourism study program, 2021 intake after
Criteria 1 Criteria 2 Criteria 3
No Name Type of School of OriginjAchievement Economic
Conditions
1 Yunvinus Molama 9 8 8
2 Melkisedek Wuwute 9 8 8
3 Fifin Murnikmat Lase 8 9 8
4 Gebri Margaretha Verbauli Hutagalung 9 9 9
5 Meilani Lida Siahaan 9 9 9
6 Evi Agustina Harianja 8 8 9
7 Juliana Marbun 9 8 9
8 Nelli Oktavisari Silitonga 8 9 8
9 Severoni Lase 9 8 8
10 Yestin Harefa 8 8 9
11 Naomi Angel Veronika Hutagalung 9 8 9
12 Kristiawan Ndraha 9 9 8
13 Melista br.Marbun Lumban Gaol 9 9 9
14 Mira Silitonga 9 9 9
15 Pernando Panjaitan 9 9 9
16 Putra Rata Harefa 9 9 9
17 Cari Nosta Adil Laoli 9 8 8
18 Elisabeth Oktavia Sihombing 9 9 9
19 Ezra Angelita Simanjuntak 8 8 9
20 Gladys Sitanggang 9 9 9
21 Helmayana Hutasoit 9 8 9
22 Ensiklira Silaban 9 9 9
23 Jonathan Mark Manullang 8 8 8
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24 Jupita Sianturi 9 8 8
25 Paian Jonatan Nababan 9 8 9
26 Romasi Ernawati.S 9 8 9
27 Sebastinus Gulo 9 8 8
28 Eska Romauli Simamora 9 9 9
29 Fairy Sinaga 8 8 9
30 Putri Ayu Andriani Simanjuntak 9 9 9
31 Christien 9 9 9
32 Dini Resavita Hariandja 8 8 9
33 Esra Silali 9 8 9
34 Ifo Siska Sigalingging 9 9 8
35 Repalita Gulo 8 8 9
36 Putri Sapta Maria Silitonga 9 8 9
37 Santa TiaSenior High School Tambunan 9 9 8
38 Sanovida Tamba 9 9 9
39 Pontianus Rekaman Halawa 8 8 9

3. Data on Cultural and Religious Tourism Study Program, class of 2022, Data on Cultural Religious Tourism
Study Program for the 2022 intake before weighting is shown in Table 3.6 below.

Table 3.6 Data for the Cultural and Religious Tourism study program, class of 2022 before weighting

Criteria 1 Criteria 2 Criteria 3
No Name Type of School Origin|Achievement |[Economic Conditions
1 Noak Yasai Senior High School No Less Fortunate
2 Selfianus Pahabol Senior High School No Less Fortunate
3 Iman Peris Toansiba Senior High School No Less Fortunate
4 Imerlina Laia Senior High School Yes Less Fortunate
5 Melisa Manurung Senior High School Yes Less Fortunate
6 Gabby Ribkamawaty Siburian Senior High School Yes Less Fortunate
7 Pebrianto Nababan Senior High School No Less Fortunate
8 Trinitas Harefa Senior High School Yes Less Fortunate
9 Gabriel Evandio Hutabarat \Vocational School Yes Less Fortunate
10 Heri Santoso Simanjuntak Senior High School Yes Less Fortunate
11 Zefanya Simalango Senior High School Yes Capable
12 Alvin Juliyanto Lase Senior High School Yes Less Fortunate
13 Dita Larissa Senior High School Yes Less Fortunate
14 Pernando Panjaitan 'Vocational School No Less Fortunate
15 Apri Twenty Sirait Senior High School Yes Less Fortunate
16 Garry Anderson Nainggolan Senior High School Yes Capable
17 Joel Fernandes Gultom \Vocational School No Capable
18 Yonathan Pusran Hutajulu Senior High School No Capable
19 Chalvin Christian Sihite \Vocational School No Capable
20 Dewi Sartika Sari Sinamo Senior High School No Capable
21 Ebenezer Nianggolan 'Vocational School No Capable
22 Erwand Daniel Sihotang Senior High School No Capable
23 Eyendri Hondo Senior High School Yes Capable
24 Guna Ernawati Sinamo \Vocational School No Capable
25 Mariska Sihite Senior High School Yes Capable
26 Sofy Anisa Sri Asina Nababan Senior High School No Capable
27 Ardin Jultriman Mendrofa Senior High School Yes Capable
28 Milawati Pasaribu Senior High School Yes Capable
29 Rohani Andika Sari Hutabalian ~ [Vocational School No Capable
30 Rona Sumantri Lumbantungkup  [Senior High School No Capable
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31 Siska Mariana Hutagalung Senior High School No Less Fortunate
32 Tessalonika Hutapea Senior High School Yes Capable
33 Sondang Paulina Pasaribu Senior High School Yes Capable
34 Suardin Zega Senior High School Yes Capable
35 Yossi Pratiwi Pardosi \Vocational School Yes Capable
36 Wantri Novita Tampubolon Senior High School Yes Capable

4. Data on the Cultural and Religious Tourism study program class of 2022 after weighting is shown in Table 3.7
below.
Table 3.7 Data Cultural and Religious Tourism study program class of 2022 after weighting
Criteria 1 Criteria 2 Criteria 3
No Name Type of School of OriginjAchievement Economic
Conditions
1 Noak Yasai 9 8 8
2 Selfianus Pahabol 9 8 8
3 Iman Peris Toansiba 9 8 8
4 Imerlina Laia 8 9 8
5 Melisa Manurung 9 9 8
6 Gabby Ribkamawaty Siburian 9 9 8
7 Pebrianto Nababan 9 8 8
8 Trinitas Harefa 8 9 8
9 Gabriel Evandio Hutabarat 8 9 8
10 | Heri Santoso Simanjuntak 9 9 8
11 | Zefanya Simalango 9 9 9
12 | AlvinJuliyanto Lase 9 9 8
13 | Dita Larissa 9 9 8
14 | Pernando Panjaitan 8 8 8
15 | Apri Twenty Sirait 9 9 8
16 | Garry Anderson Nainggolan 9 9 9
17 | Joel Fernandes Gultom 8 8 9
18 | Yonathan Pusran Hutajulu 9 8 9
19 | Chalvin Christian Sihite 8 8 9
20 | Dewi Sartika Sari Sinamo 9 8 9
21 | Ebenezer Nianggolan 8 8 9
22 | Erwand Daniel Sihotang 9 8 9
23 | Eyendri Hondo 9 9 9
24 | Guna Ernawati Sinamo 8 8 9
25 | Mariska Sihite 9 9 9
26 | Sofy Anisa Sri Asina Nababan 9 8 9
27 | Ardin Jultriman Mendrofa 9 9 9
28 | Milawati Pasaribu 9 9 9
29 | Rohani Andika Sari Hutabalian 8 8 9
30 | Rona Sumantri Lumbantungkup 8 8 9
31 | Siska Mariana Hutagalung 9 8 8
32 | Tessalonika Hutapea 9 9 9
33 | Sondang Paulina Pasaribu 9 9 9
34 | Suardin Zega 9 9 9
35 | Yossi Pratiwi Pardosi 8 9 9
36 | Wantri Novita Tampubolon 9 9
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5. Data on the Cultural and Religious Tourism study program for the 2023 intake before weighting is:
Table 3.8 Data Cultural and Religious Tourism study program, class of 2023 before weighing
Criteria 1 Criteria 2 Criteria 3
No Name Type of School Origin |Achievement |[Economic Conditions
1 Dinda Nesa Gamalie Br Silitonga Senior High School Yes Capable
2 Josep Harianja Senior High School Yes Capable
3 Efra Zerika Sitio Vocational School Yes Less Fortunate
4 Ardi Yesnto Halawa Senior High School No Capable
5 Puspa Wahyu Pratiwi Senior High School Yes Less Fortunate
6 Rivan Nababan Vocational School Yes Less Fortunate
7 Josua Simatupang Senior High School No Capable
8 Dian Febrian Firmanto Senior High School Yes Less Fortunate
9 Niar Elizabeth Geofani Panjaitan Vocational School Yes Less Fortunate
10 | EsraYesnti A Siahaan Senior High School No Capable
11 | Adelina Angelica Sibagariang Senior High School Yes Capable
12 | Yoni Pransiska Simanjuntak Vocational School Yes Less Fortunate
13 | Masriara Lubis Senior High School Yes Less Fortunate
14 | Aldo Sampetua Tambunan Senior High School Yes Less Fortunate
15 | Andre David Ario Lumban Gaol Vocational School No Capable
16 | Indah Sari Senior High School Yes Capable
17 | Johannes Parera Vocational School No Capable
18 | Rotua Br Purba Senior High School Yes Less Fortunate
19 | Mery Grecelyta Sianipar Vocational School Yes Less Fortunate
20 | Winda Lovika Putri Silalahi Senior High School No Capable
21 | Indah Amelia V. Simanullang Senior High School No Capable
22 | Arina Tiurma Manalu Senior High School Yes Less Fortunate
23 | Hiyos Fiter Sababalat Senior High School Yes Less Fortunate
24 | Rugun Panggabean Vocational School Yes Less Fortunate
25 | Elisabet Sitompul Senior High School Yes Less Fortunate
26 | Isak Lumbantobing Vocational School Yes Capable
27 | Pria Sitompul Senior High School No Capable
28 | Savana Pane Senior High School No Capable
29 | Ricardo Sagala Senior High School Yes Capable
30 | Sadar Fernando Siahaan Senior High School No Capable
31 | Rona Sari Ayu Simamora Senior High School Yes Less Fortunate
32 | Nahael Marudut Amin Mungkur Senior High School No Capable
33 | lda Natalria Tumangger Senior High School No Capable
34 | Weimi Erinda Berutu Vocational School Yes Less Fortunate
35 | Desinta Riana Tumangger Senior High School Yes Less Fortunate
6. The data for the Cultural and Religious Tourism study program for the 2023 intake after weighting is shown
in Table 3.9 below.
Table 3.9 Data Cultural and Religious Tourism study program, class of 2023 after weighting
Criteria 1 Criteria 2 Criteria 3
No Name Type of School of OriginjAchievement Economic
Conditions
1 Dinda Nesa Gamalie Br Silitonga 9 9 9
2 Josep Harianja 9 9 9
3 Efra Zerika Sitio 8 9 8
4 Ardi Yanto Halawa 9 8 9
5 Puspa Wahyu Pratiwi 9 9 8
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6 Rivan Nababan 8 9 8
7 Josua Simatupang 9 8 9
8 Dian Febrian Firmanto 9 9 8
9 Niar Elizabeth Geofani Panjaitan 8 9 8
10 Esrayanti A Siahaan 9 8 9
11 Adelina Angelica Sibagariang 9 9 9
12 Yoni Pransiska Simanjuntak 8 9 8
13 Masriara Lubis 9 9 8
14 Aldo Sampetua Tambunan 9 9 8
15 Andre David Ario Lumban Gaol 8 8 9
16 Indah Sari 9 9 9
17 Johannes Parera 8 8 9
18 Rotua Br Purba 9 9 8
19 Mery Grecelyta Sianipar 8 9 8
20 Winda Lovika Putri Silalahi 9 8 9
21 Indah Amelia V. Simanullang 9 8 9
22 Avrina Tiurma Manalu 9 9 8
23 Hiyos Fiter Sababalat 9 9 8
24 Rugun Panggabean 8 9 8
25 Elisabet Sitompul 9 9 8
26 Isak Lumbantobing 8 9 9
27 Pria Sitompul 9 8 9
28 Savana Pane 9 8 9
29 Ricardo Sagala 9 9 9
30 Sadar Fernando Siahaan 9 8 9
31 Rona Sari Ayu Simamora 9 9 8
32 Nahael Marudut Amin Mungkur 9 8 9
33 Ida Natalria Tumangger 9 8 9
34 Weimi Erinda Berutu 8 9 8
35 Desinta Riana Tumangger 9 9 8
B. Testing Clustering algorithm using Microsoft Visual Studio
The following are the results of testing data on the 2010.
Cultural and Religious Tourism study program from 1. The results of the 2021 intake of Cultural and
the 2021, 2022, and 2023 intakes using the K-Means Religious Tourism study program data testing

can be seen in Figure 3.1. the following
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Based on Figure 3.1, it is shown that from 100 tests
(iterations) conducted, only two groups can be
formed. The first group based on Criteria 1 (school
of origin of Senior high School equivalent)
consists of 14 students or equivalent to 35.89%.
Then, the second group based on Criteria 3
(student economic ability) consists of 25 people or
equivalent to 64.10%.

The results of the data testing of the Cultural and
Religious Tourism Study Program in the year 2022
showed that from 100 tests (iterations) carried out,
three groups could be formed. The first group was
based on Criteria 3 (student economic ability) of
15 people or equivalent to 41.66%. Then the
second group was based on Criteria 1 (school of
origin of SMA or equivalent vocational school) of
15 students or equivalent to 41.66%. Then, the
third group was also based on Criteria 1 of 6 people
or equivalent to 16.66%. 3.

The results of the data testing of the Cultural and
Religious Tourism study program in the year 2023
showed that from 100 tests (iterations) carried out,
three groups could be formed. The first group was
based on Criteria 2 (student achievement while at
school) of 17 people or equivalent to 48.57%. Then
the second group was based on Criteria 3 of 11
students or equivalent to 31.42%. Then, the third
group was also based on Criteria 2 again of 7
people or equivalent to 20%.

IV. CONCLUSION

Based on the results of the research that has been conducted,
the following are the conclusions that can be obtained,
among others.

1.

Based on the data testing of the Cultural and
Religious Tourism Study Program, class of 2021, can
only form two groups. The first group based on
Criteria 1 (school of origin of Senior high School or
equivalent) as many as 14 students or equivalent to
35.89%. Then, the second group based on Criteria 3
(student economic ability) as many as 25 people or
equivalent to 64.10%. This shows that the majority
of students who register for the study program are
dominated by the economic ability of the student's
family.

Based on the data testing of the Cultural and
Religious Tourism Study Program, the class of 2022
formed three groups. The first group is based on
Criteria 3 (student economic ability) as many as 15
people or equivalent to 41.66%. Then the second
group based on Criteria 1 (school of origin of Senior
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high school or equivalent) as many as 15 students or
equivalent to 41.66%. Then, the third group is also
based on Criteria 1 as many as 6 people or equivalent
to 16.66%. The results show that students who
register for the Cultural and Religious Tourism Study
Program are based on the same dominance of Criteria
1 and Criteria 3.

3. Based on the data testing, students in the 2023

Cultural and Religious Tourism Study Program
formed three groups. The first group is based on
Criteria 2 (student achievement while at school) as
many as 17 people or equivalent to 48.57%. Then the
second group is based on Criteria 3 as many as 11
students or equivalent to 31.42%. Then, the third
group is also based on Criteria 2 again as many as 7
people or equivalent to 20%. The results show that
the majority of students in the Cultural and Religious
Tourism Study Program are based on Criteria 2
(achievement while at their original school).

4. The data testing of students in the 2021, 2022, and

2023 classes, shows different trends based on
Criteria 1 (high school or equivalent vocational high
school graduates), Criteria 2 (student achievement
while at their original school), and Criteria 3
(community economic ability).

strategies
implemented in all high schools or equivalent
vocational schools, providing scholarships for
prospective Cultural and Religious Tourism Study
Program  who
disadvantaged.

must continue to be

excel or are economically
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Abstract— Introduction: Dengue is an arboviral disease transmitted by the
mosquito Aedes aegypti and represents a public health problem in tropical
and subtropical countries, especially in regions with limited access to
healthcare services. However, the literature lacks studies on dengue-related
hospitalizations in Para, which could support more effective health policies
for controlling and reducing the disease in the state. Objectives: To evaluate
the temporal trend and compare dengue hospitalizations in Para with other
states in the Northern Region, outlining the epidemiological profile.
Methods: This is a descriptive ecological epidemiological study using data
from the Hospital Information System (SIH) from 2014 to 2023, referring to
hospitalizations due to dengue (ICD C32.1). The analyzed variables
included year and month of care, number of hospitalizations, hospitalization
rate per 100,000 inhabitants, sex, age, and type of care. Statistical analysis
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was performed using Simple Linear Regression, the Kruskal-Wallis test, and
Dunn’s post-hoc test, using Statistics Kingdom software. Results: A total of
13,956 hospitalizations for dengue were recorded in Para during the study
period. A reduction trend of 2.88 hospitalizations per year was observed (p
< 0.005, B1 =-2.88, 95% CI [-4.62, -1.14], R = -0.80). The Kruskal-Wallis
test, followed by Dunn’s post-hoc test, showed that Para did not present a
significantly different hospitalization rate compared to the other states. In
the epidemiological profile, females had a higher number of hospitalizations
(n=7,201) compared to males (n=6,755). The adult hospitalization rate was
4.7 times higher than that of the elderly and 1.6 times higher than that of
children and adolescents. Additionally, 92.9% of hospitalizations occurred
on an emergency basis. Conclusion: Pard has shown a reduction in
hospitalizations due to dengue over the years. Women and adults are the
most affected, with the majority of hospitalizations occurring on an
emergency basis. The results suggest that this decrease may be due to more
effective preventive strategies, underreporting of cases, or reduced exposure
to risk factors among the population of Para. Future studies are needed to
confirm these hypotheses and guide more targeted interventions.

Resumo— Introducdo: A dengue é uma arbovirose transmitida pelo
mosquito Aedes aegypti e representa um problema de salde publica em
paises tropicais e subtropicais, especialmente em regifes com acesso
limitado a servicos de saide. No entanto, a literatura carece de estudos
sobre internacGes relacionadas a dengue no Para, que poderiam subsidiar
politicas de saude mais eficazes para o controle e reducédo da doenca no
estado. Objetivos: Avaliar a tendéncia temporal e comparar as internagdes
por dengue no Para com outros estados da Regido Norte, tracando o perfil
epidemiologico. Métodos: Trata-se de um estudo epidemioldgico ecolégico
descritivo utilizando dados do Sistema de Informagdes Hospitalares (SIH)
de 2014 a 2023, referentes as internacdes por dengue (CID C32.1). As
variaveis analisadas incluiram ano e més de atendimento, nimero de
internagdes, taxa de internacéo por 100 mil habitantes, sexo, idade e tipo de
atendimento. A analise estatistica foi realizada por meio de regresséo linear
simples, teste de Kruskal-Wallis e teste post-hoc de Dunn, por meio do
software Statistics Kingdom. Resultados: Foram registradas 13.956
internagdes por dengue no Pard no periodo do estudo. Observou-se
tendéncia de reducédo de 2,88 internacbes por ano (p < 0,005, B1 = -2,88,
IC 95% [-4,62, -1,14], R = -0,80). O teste de Kruskal-Wallis, seguido do
teste post-hoc de Dunn, mostrou que o Pard ndo apresentou taxa de
internacgéo significativamente diferente em comparacéo aos demais estados.
No perfil epidemioldgico, o sexo feminino apresentou maior nimero de
internagdes (n=7.201) em relacdo ao masculino (n=6.755). A taxa de
internagéo de adultos foi 4,7 vezes maior que a de idosos e 1,6 vezes maior
que a de criancas e adolescentes.Além disso, 92,9% das internacgdes
ocorreram em carater emergencial. Conclusédo: O Para apresentou reducéo
nas internagdes por dengue ao longo dos anos. Mulheres e adultos sdo os
mais afetados, com a maioria das hospitalizacBes ocorrendo em carater
emergencial. Os resultados sugerem que essa diminuicdo pode ser
decorrente de estratégias preventivas mais eficazes, da subnotificacdo de
casos ou da reducdo da exposicao a fatores de risco da populacéo paraense.
Estudos futuros sdo necessarios para confirmar estas hipoteses e orientar
intervengdes mais direcionadas.
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I. INTRODUCAO

A dengue é uma das doencas endémicas mais relevantes no
Brasil, causada pelo virus transmitido pelo mosquito Aedes
aegypti. Ela se divide em quatro sorotipos virais (DENV-1,
DENV-2, DENV-3 e DENV-4). Embora a doenga tenha
sido registrada pela primeira vez no Brasil no final do século
XIX, s6 em 1981 foi possivel identificar e isolar seus
sorotipos (Ratto et al., 2024). Desde entdo, a dengue se
espalhou por todo o pais, tornando-se um problema
persistente de sadde publica (Chaves et al., 2018).

A classificacdo da dengue é organizada em trés estagios. No
primeiro, dengue sem sinais de alerta, os sintomas iniciais
incluem febre alta (3940 °C), acompanhada de cefaléia,
dores musculares e articulares, e dor atras dos olhos. Outros
sintomas possiveis sdo erupgdes na pele, perda de apetite,
nduseas e vomitos, que normalmente melhoram apds o
terceiro dia (Oneda et al., 2021).

Em alguns casos, apds a febre ceder, os pacientes podem
evoluir para a dengue com sinais de alerta, caracterizada por
dores abdominais intensas, vomitos persistentes, e outros
sinais mais graves, como derrame pleural ou pericardico,
aumento do figado, sangramentos nas mucosas, e alteracdes
no hematdcrito (Silva et al., 2019). Esses sinais devem ser
avaliados cuidadosamente, pois indicam o risco de
progressdo para o estagio mais severo da doenca, a dengue
grave, que pode levar a choque, hemorragias extensas,
faléncia de 6rgéos e até ébito (Ratto et al., 2024).

O diagndstico da dengue é feito em laboratério por meio de
sorologia e testes de antigenos virais (Lima et al., 1998). No
entanto, para casos suspeitos sem sinais de sangramento, a
Organizagdo Mundial da Satde (OMS) recomenda o uso do
teste do torniquete como medida preliminar (Chaves et al.,
2018). A principal forma de prevencdo da dengue é o
controle do mosquito vetor, A. aegypti, que ainda representa
um grande desafio para a saude pablica no Brasil (Ratto et
al., 2024).

A dengue persiste como um grave problema de saude
publica em paises tropicais e subtropicais, especialmente na
regido Norte do Brasil. No Pard, fatores como o clima
quente e Umido, infraestrutura limitada e falta de acesso
adequado a servicos de salde contribuem para a
proliferacdo do vetor e para 0 aumento dos casos graves da
doenca, que demandam hospitalizacdo (Chaves et al.,
2018). Esse cenario é intensificado durante o periodo
chuvoso, de janeiro a junho, quando a transmissdo e as
internagdes por dengue atingem picos preocupantes (Silva
etal., 2019).

O impacto econdmico da dengue no sistema de saude é
significativo. O Sistema Unico de Sadde (SUS) enfrenta
grandes desafios para atender ao crescente numero de
pacientes com dengue grave, 0o que implica em custos
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elevados e na necessidade de leitos hospitalares
especializados (Ratto et al., 2024). Estudos que analisam a
distribuicdo geogréafica e sazonal das internagBes podem
oferecer subsidios para a formulagéo de politicas publicas
mais eficazes e voltadas para as necessidades regionais.

Il. METODOLOGIA

Trata-se de um estudo observacional, subtipo descritivo, de
cunho epidemioldgico realizado a partir de dados
secundarios obtidos no Departamento de Informatica do
Sistema Unico de Satide (DATASUS) em relagéo ao perfil
de pacientes internados por dengue classica no estado do
Para, no periodo de janeiro de 2014 a dezembro de 2023.
No presente trabalho, foram considerados os valores
absolutos de internacdes e a taxa de internacdo por 100.000
habitantes no estado de interesse e nos estados da regido
norte, para fins comparativos.

Subsequentemente, as varidveis “sexo”, “faixa etaria”,
“cor/raga” foram correlacionadas com as informagdes de
Obitos pré-selecioandas para a definicdo de um perfil de
mortalidade na regido. Dados complementares como o
carater de atendimento (urgéncia e eletivo) e o regime de
atendimento (rede publica ou privada) desses pacientes
também foram incluidos no estudo. Com o intuito de
simplificar a analise e apresentacdo de dados referentes a
faixa etéria, a mesma foi padronizada em 3 grupos:
pediatrica (0 a 19 anos), adulta (20 a 59 anos) e geriatrica
(acima de 60 anos).

Por fim, os dados obtidos foram organizados em planilhas
usando o programa Microsoft Excel 2016, posteriormente,
foram elaborados graficos utilizando os recursos do mesmo
programa para otimizar a apresentacdo dos resultados.
Definiu-se 0 modelo gréfico em linha para a demonstracao
dos dados ao longo dos anos considerados, enquanto o
grafico em por¢des (“em pizza”) expde os valores
cumulativos da série histdrica considerada.

Vale ressaltar que por se tratarem de dados secundarios e
publicos, a pesquisa ndo precisou ser submetida a analise e
aprovacao do comité de ética, de modo que encontra-se em
conformidade com a Resolugdo 466/2012, a qual regula a
pesquisa com seres humanos no pais.

I11.  RESULTADOS

Durante o periodo avaliado, foi registrado um total de
13.956 internacOes hospitalares relacionadas a Dengue no
estado do Para. Os dados indicam uma tendéncia
estatisticamente significativa de reducdo no numero de
internagdes ao longo dos anos, com uma diminuicdo média
de 2,88 internagBes por ano (p < 0,005), como mostra o
grafico 1. Essa tendéncia foi reforcada pela analise do
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coeficiente B1, que apresentou um valor de -2,88, com um
intervalo de confianca de 95% variando entre -4,62 e -1,14,
além de uma forte correlagdo negativa (R = -0,80). Esses
resultados sugerem que, apesar do nimero ainda expressivo
de hospitalizacdes, houve uma leve melhoria na gestéo e no
controle da doenca no periodo estudado.

Quando analisado o perfil epidemiolégico das internacdes,
constatou-se que o sexo feminino foi responsavel pela
maior parcela dos casos, com 7.201 internacGes (51,6%),
em comparacdo ao sexo masculino, que registrou 6.755
internacdes (48,4%). Essa diferenca, ainda que ndo muito
acentuada, pode refletir fatores biolégicos,
comportamentais ou mesmo de acesso aos servicos de
saude, que requerem estudos mais aprofundados para uma
compreensdo detalhada.

Gréfico 1: Taxa de internagdo por dengue por 100.000
habitantes no Estado do Para (2014-2023).

420
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Fonte: Autores, 2024.

A andlise etéria revelou um padrdo interessante no que diz
respeito a taxa de internacdo, destacando que os adultos
apresentaram um risco de hospitalizacdo consideravelmente
maior em relacdo a outros grupos etéarios. A taxa de
internacdo em adultos foi 4,7 vezes superior a observada em
idosos, grupo que, apesar de mais vulneravel as formas
graves de dengue, teve um menor nimero absoluto de
hospitalizagbes. Em relagéo as criancas e adolescentes, 0s
adultos apresentaram uma taxa de internacdo 1,6 vezes
maior, evidenciando que esse grupo foi particularmente
afetado pela doenga no periodo analisado (gréafico 2). Esses
achados podem estar associados a diferencas no padréo de
exposicdo a0 mosquito  transmissor, na resposta
imunoldgica ou mesmo no acesso e utilizagdo dos servigos
de salde.
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Grafico 2: Distribuicdo por faixa etaria do nimero de
internacOes por dengue no Estado do Para (2014-2023).
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Fonte: Autores, 2024.

Outro dado relevante obtido na andlise foi a natureza
predominantemente urgente das internacdes. Do total de

hospitalizacbes  registradas, impressionantes  92,9%
ocorreram em carater de urgéncia, o que reflete a gravidade
clinica dos casos de dengue e reforca a importancia de
intervencdes rapidas e eficazes no manejo da doenca. Esse
dado também aponta para possiveis lacunas na identificagdo
precoce dos casos e na oferta de atendimento ambulatorial
eficaz, o que pode estar contribuindo para o agravamento da
doenca e, consequentemente, para a necessidade de
hospitalizacéo.

Esses achados epidemiolégicos sublinham a necessidade de
estratégias mais eficazes de controle e prevencao da dengue,
com atencéo especial as popula¢es mais afetadas, como os
adultos e as mulheres, além de um foco maior na redugdo
dos casos que evoluem para internacdo de urgéncia. A
andlise dos dados também ressalta a importancia de
politicas publicas que promovam a educacdo em salde, 0
fortalecimento da vigilancia epidemiolégica e o combate ao
vetor transmissor da dengue, especialmente em areas mais
vulneraveis do estado.

IV. DISCUSSAO

Campanhas de educacdo em salde tém mostrado ser uma
estratégia essencial no combate a dengue. Programas como
o0 Programa Saude na Escola (PSE) e o trabalho dos Agentes
Comunitarios de Salde (ACS) visam informar a populacdo
sobre a importancia de eliminar criadouros do mosquito e
adotar praticas de protecdo pessoal, como 0 uso de
repelentes e telas nas janelas. Embora essas campanhas
tragam resultados positivos, sua efetividade pode ser
limitada em é&reas onde as condicdes socioecondmicas
dificultam a adocdo de medidas preventivas, reforcando a
necessidade de um fortalecimento continuo e abrangente
nas politicas de combate & dengue.
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Nesse sentido, observa-se que ha tendéncia anual de
redugdo do nimero de internagBes por dengue, 0 que se
deve as politicas publicas e campanhas de prevencdo que
abrangem a populagdo como um todo. Porém, faz-se
necessario dar maior auxilio as populacfes que vivem em
situacdes inadequadas de moradia, abastecimento de agua e
coleta de lixo, onde esses determinantes sociais contribuem
para 0 aumento do risco de incidéncia dos casos de dengue.
Para isso, a utilizacdo de indicadores de condicdo de vida
tém sido indicados, por alguns autores, para determinar
critérios de alocacdo de verbas nas politicas publicas de
salde (Chaves et al., 2018).

Além disso, foi observado que houve o sexo femino
representa maior nimero de internagdes em comparagéo ao
sexo masculino, o que pode ser justificado pelo fato de que
as mulheres procuram mais por atendimentos de salde do
que os homens, o que se reflete nas notificagdes (Lima et
al., 1998). Ademais, outros estudos mostram que o
mosquito tem caracteristica domiciliar, o que se assemelha
ao comportamento feminino, visto que as mulheres
permanecem mais tempo em casa do que 0os homens. Em
concordancia com isso, as mulheres negras e pardas sdo a
maioria em situacdo de moradia vulneravel, que séo os
locais de maior foco da dengue (Vega, 2019).

Em relacdo a faixa etéria onde houve maior incidéncia,
observa-se que esta é a populagdo economicamente ativa do
pais, logo, esses individuos estdo propensos a se afastarem
do trabalho devido a doenca, principalmente aquelas que se
expbe a areas de maior proliferacdo do vetor. Nesse
contexto, identificar os individuos mais vulnerdveis a
infeccdo e intervir, até onde for possivel, é uma forma de
prevencdo da doenca e controle de recursos (Silva et al.,
2019).

Estudos mostram que o tipo de dengue em que ha maior
numeros de internacdes em carater de urgéncia é a dengue
grave, visto que, mesmo no inicio do quadro, a
hospitalizacdo imediata é essencial, devido a répida
evolugdo e agravamento do quadro clinico da doenca, o que
torna o nimero de casos de dengue grave coerente com
namero de internagdes. Por outro lado, 0 nimero de casos
de dengue com sinais de alarme ndo é proporcional ao
numero de internacdes, ja que, o tratamento desses casos é
ambulatorial (Ratto et al., 2019).

V. CONCLUSAO

O estado do Para tem apresentado, ao longo dos anos, uma
reducdo significativa nas taxas de internacfes hospitalares
relacionadas a dengue. Essa tendéncia vem sendo observada
de forma continua, refletindo um possivel avan¢o no
enfrentamento dessa arbovirose, que historicamente
representa um grave problema de satde publica no Brasil.
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Andlises epidemioldgicas indicam que 0s grupos mais
acometidos por essa enfermidade s&o predominantemente
compostos por mulheres e adultos, caracterizando um perfil
demografico especifico de maior vulnerabilidade. Além
disso, a maioria das internacBes ocorre em carater de
urgéncia, 0 que evidencia a gravidade clinica associada as
formas mais severas da doenca, como a dengue com sinais
de alarme ou a dengue grave.

A diminuicdo das internacdes pode ser atribuida a diferentes
fatores, incluindo a implementacdo de estratégias
preventivas mais eficazes, como o fortalecimento das acdes
de controle do Aedes aegypti, vetor responsavel pela
transmissdo da doenca. Adicionalmente, a hip6tese de
subnotificacdo de casos ndo pode ser descartada,
considerando as dificuldades logisticas e estruturais
enfrentadas em diversas regibes, sobretudo em é&reas de
dificil acesso. Outro aspecto que merece atencdo é a
possivel reducdo da exposi¢do da populacdo a fatores de
risco, seja por mudancas ambientais, climaticas ou de
comportamento, que podem ter contribuido para a redugéo
da incidéncia de casos mais graves.

No entanto, é fundamental reconhecer que essas inferéncias
sdo preliminares e requerem validagdo por meio de estudos
mais aprofundados. A condugdo de novas investigacdes
cientificas, com metodologias robustas e abrangentes, sera
essencial para confirmar essas hip6teses e compreender, de
forma mais detalhada, os determinantes dessa reducéo.
Essas andlises poderdo subsidiar o desenvolvimento de
intervengbes ainda mais direcionadas, visando a
manutenc¢do e ao aprimoramento das estratégias de controle
e prevencdo da dengue na populacdo paraense e em outras
regides com caracteristicas semelhantes.
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