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ABSTRACT

This study aims to analyze the spatial distribution of the impact of nitrogen residue and diversification on the
diversity of aquatic biota, contributing to the management of aquatic ecosystems as a vital source of life. Water
quality sampling was conducted using grab sampling, with water quality parameters measured, including total
nitrogen (TN), ammonia (NH3), nitrate (NO3~), and nitrite (NO,"). TN analysis was carried out using the Total
Kjeldahl Nitrogen (TKN), nitrate, and nitrite calculation methods. NH3z; was measured using the Flow Injection
Analysis method, while NO3~ was analyzed using the Cadmium Reduction Method, and NO,~ with the colori-
metric method. Plankton sampling was done by filtering 20 liters of water from the surface layer using a 2-liter
bucket. The plankton species diversity index was calculated using the Shannon-Wiener Index method. The effect
of environmental factors on nitrogen chemical fertilizer residues in each research location was analyzed using
Principal Component Analysis (PCA). The results showed an increase in ammonia and nitrite residues, followed
by a decrease in total nitrogen and nitrate concentrations. Seven classes and 22 plankton species were identi-
fied, consisting of 18 phytoplankton species and four zooplankton species. The dominant plankton came from
Cyanophyceae, Bacillariophyceae, and Chlorophyceae. The highest plankton species diversity index was recorded in
Irrigation IX and VII. Based on the study results, the plankton diversity at the research location falls within the
moderate category. The primary environmental factors influencing the presence of plankton in irrigation chan-
nels are the concentration of nitrates and nitrogen in the water.
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INTRODUCTION

Rice (Oryza sativa L.) is a staple food for
more than half of the world’s population, and its
sustainable production is critical to global food
security. Rice is one of the primary food sources
consumed by nearly three billion people world-
wide. Rice is also a food commodity that can
meet 32% of calorie needs (Syarifah et al., 2025).
Various efforts have been made to increase rice
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production as a staple food to keep pace with the
growing population. With the increasingly narro-
wing of fertile land due to the conversion of agri-
cultural land into residential and industrial areas,
the selection of agricultural land on land that re-
quires input so that plants can produce optimally
(Erman et al., 2022)

The intensification of rice cultivation,
particularly through the widespread use of nitro-
gen (N) chemical fertilizers, has played a pivotal
role in increasing yields to meet growing food
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demands. However, this intensification has also
led to significant environmental challenges, in-
cluding alterations to the biotic environment of
rice field irrigation systems. The excessive and
inefficient application of nitrogen fertilizers cont-
ributes not only to soil and water contamination,
but also to biodiversity loss and the exacerbation
of climate change through increased greenhouse
gas (GHGQG) emissions (Hassan et al., 2022; Shaa-
ban et al., 2022; Wang et al., 2024) The United
Nations Sustainable Development Goals (SDGs)
provide a framework for addressing these intert-
wined challenges. Specifically, SDG 2 (Zero Hun-
ger) emphasizes the need for sustainable food
production systems, while SDG 6 (Clean Water
and Sanitation), SDG 13 (Climate Action), and
SDG 15 (Life on Land) highlight the importance
of protecting water resources, mitigating clima-
te change, and preserving terrestrial ecosystems.
Addressing the SDGs in research on the impact
of nitrogen chemical fertilizer residue on the
biotic environment of rice field irrigation is es-
sential because this issue sits at the intersection
of food security, environmental sustainability,
and resource management (Purba et al., 2024)

The balance of fertilizer application in low-
land rice cultivation plays a crucial role in deter-
mining the dynamics of nutrients in the soil and
their impact on the surrounding environment.
Macronutrients such as N and phosphorus (P)
are essential components for the growth and pro-
duction of rice plants. Plants absorb nitrogen fer-
tilizers as nitrate (NO3~) and ammonium (NH,").
However, nitrate that plants do not absorb can
leach and be carried into water bodies, including
rivers, irrigation canals, lakes, and other bodies
of water, potentially reducing water quality and
disrupting the balance of aquatic ecosystems (Di
etal., 2024; Liu et al., 2025). Deficiencies in these
nutrients can inhibit plant growth and significant-
ly reduce rice yields.

Nitrogen is the primary nutrient that plays
a crucial role in plant growth and development,
particularly as a significant component in synt-
hesizing proteins and amino acids, which are
essential for photosynthesis. Urea fertilizer, one
of the most commonly used nitrogen sources in
solid form, contains around 46% nitrogen. This
nitrogen fertilizer is mainly absorbed in the form
of nitrate and ammonium (Hassan et al., 2022;
Wang et al., 2024)

The use of inorganic fertilizers based on
nitrogen (N) and phosphorus (P) has a significant
impact on aquatic ecosystems through the pro-
cess of leaching and surface runoff. After being
applied to the soil, this fertilizer will transform
ammonium carbamate, where some of the nit-

rogen can evaporate into ammonia. Fertilizer
waste that enters water bodies increases nutrient
levels, which can trigger an imbalance in aquatic
ecosystems, especially affecting the structure of
phytoplankton communities. Nitrogen fertilizer
application techniques have a significant impact
on nitrogen loss to the environment through
evaporation and leaching, ultimately reducing
the amount of nitrogen plants can utilize (Bibi,
2016).

Nitrogen diversification, which can lead
to increased aquatic biota diversity, such as nit-
rate that plants do not absorb, can accumulate
in water bodies and cause increased nitrogen
levels, further degrading water quality and dis-
rupting the stability of aquatic ecosystems. In
addition to nitrogen, phosphorus is an essential
element for plant growth. Phosphorus in aquatic
environments and sediments comes from various
sources, including natural phosphorus deposits,
industrial and domestic waste, agricultural acti-
vities, phosphate rock exploitation, and defores-
tation. Therefore, proper fertilizer management is
essential to increase fertilizer use efficiency while
reducing environmental negative impacts, such as
water residue accumulation.

Water quality must meet the standards
concerning the Implementation of Environmen-
tal Protection and Management, specifically in
Appendix VI, which pertains to National Water
Quality Standards Class I and Class II. Nutrient
accumulation due to fertilizer application also
contributes to changes in the community struc-
ture of aquatic organisms, including plankton
(phytoplankton and zooplankton) (Haryadi et al.,
2012; Zeng et al., 2025). Increased nutrient levels
in waters can trigger changes in the composition
and abundance of phytoplankton, which are na-
turally influenced by various environmental fac-
tors, such as light availability, temperature, and
the N:P nutrient ratio (Anas et al., 2020; Kagan et
al., 2024). Plankton abundance and diversity are
greatly influenced by physicochemical factors of
water, including sedimentation, water level fluc-
tuations, nutrient availability, heavy metal conta-
mination, temperature, pH, and dissolved oxygen
levels (Odulate et al., 2017; Arimoro et al., 2018;
Kumar et al., 2020; Ray et al., 2021). Phytoplank-
ton and zooplankton also act as bioindicators that
can be used to assess the water quality of a water
body (Chandel et al., 2024; Yusuf, 2020)

Nutrient inputs such as nitrate and
phosphate from agricultural activities can signi-
ficantly impact plankton abundance (Sabar et al.,
2024). Increased populations of certain plankton
indicate high nutrient levels in the water, which,
if exceeded, can lead to water quality degrada-
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tion (Wadi et al., 2021). Plankton is used as a
bioindicator because it has a short life cycle and
a rapid response to changes in environmental
conditions, making it a valuable parameter for
evaluating water quality (Chandel et al., 2024).
Additionally, phytoplankton play a crucial role in
aquatic ecosystems by producing oxygen through
photosynthesis and providing organic matter as
a primary source of energy for other aquatic or-
ganisms (Maresi et al., 2015; Welde et al., 2024).

Research on plankton as a bioindicator of
species diversity to evaluate water quality has been
conducted in various countries, including Malay-
sia (Norlida et al., 2023) and Japan (Sazawa et
al., 2023). These studies demonstrate that water
quality is correlated with plankton abundance,
making it crucial to analyze the impact of nitro-
gen and phosphate residues in irrigation canals
on water quality and plankton diversity. Most
studies conducted have focused on large-scale

Table 1. Sampling Coordinate Point

agricultural systems, while small-scale irrigation
systems remain less explored. In Indonesia, these
systems have unique water management practices
that affect nitrogen dynamics differently (Putri et
al., 2023). Therefore, this study aims to analyze
the spatial distribution of nitrogen residues in
irrigation canals and their impact on the biotic
environment, particularly on plankton diversity.

METHODS

Samples were taken in rice fields in Tomo-
hon City, North Sulawesi, Indonesia. The water
quality sampling method was grab sampling,
where samples were taken directly from the mo-
nitored water body. In addition, the composite
sampling method was also applied, as described
in Standard Methods for the Examination of Wa-
ter and Wastewater (Hadi, 2015; APHA (Ameri-
can Public Health Association), 2005).

Point Latitude Longitude
1 1°18’54.88”N 124°47°6.39”T
2 1°18’59.11"N 124°47°9.25”"T
3 1°19°6.65”U 124°47°19.34”T
4 1°19°21.18”U 124°47°40.30”T
5 1°19°27.94”U 124°48°0.12”"T
6 1°19°31.68”U 124°48’12.07"T
7 1°19°24.73”U 124°48°24.87"T
8 1°19°34.77"U 124°48’33.36”T
9 1°19°34.61”U 124°48°46.71”T

Water and plankton samples were col-
lected from nine irrigation canals in the rice fields
of Tomohon City. The water quality parameters
measured included ammonia, nitrate, nitrite, and
total nitrogen levels. Total nitrogen (TN) was ana-
lyzed using the Total Kjeldahl Nitrogen (TKIN)
method, as well as calculation methods for nit-
rate and nitrite. Ammonia (NH3) was analyzed

Figure 1. Irrigation Watéf Quality Sampling Location

using the Flow Injection Analysis method, while
nitrate (NO3") was analyzed using the Cadmium
Reduction Method, and nitrite (NO,~) was ana-
lyzed using the colorimetric method. Water qua-
lity measurements were conducted in situ, while
further analysis was performed in the laboratory.
Primary data were obtained through direct me-
asurements at the irrigation canal outlet.

SPATIAL IMPACT OF NITROGEN
FERTILIZER RESIDUE ON
THE BIOTIC ENVIRONMENT
OF RICE FIELD
IRRIGATION CHANNELS

® Water Sampling Point
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Phytoplankton abundance was analyzed
using the following formula: E = ¢ X A/fa x
V, where E is phytoplankton density (ind / ltr),
c is the total individuals observed, A is phytop-
lankton concentrate volume, fa is phytoplankton
sample volume, and V is sample volume (Nam
et al., 2022). Phytoplankton and zooplankton
abundance were analyzed using the APHA for-
mula (APHA, 2023). The abundance and species
richness of plankton at all study sites were tabu-
lated using Microsoft Excel. Community struc-
ture was analyzed based on several attributes,
including species abundance, species richness,
Shannon-Wiener diversity index (H ‘= -EZpi In
pi), and Pielou’s evenness index (J = H’ / In S),
which were calculated for each observation sta-
tion. Principal Component Analysis (PCA) was
employed to examine the relationship between
environmental factors (independent variables)
and sampling locations (dependent variables). In
addition, Analysis of Similarities (ANOSIM) and
Non-Metric Multidimensional Scaling (NMDS)
analyses were applied to interpret the relationship
patterns between variables. All statistical analyses

were performed using Paleontological Statistics
Software (PAST 3.10) (Andriyani et al., 2020;
Koneri et al., 2022)

RESULTS AND DISCUSSION

Fertilization is one strategy that can be
used to improve environmental balance (Syarifah
et al., 2025). Nitrogen (N) fertilization is a com-
mon agricultural practice that enhances plant
growth and productivity. N input into cropping
systems has increased rapidly over the past deca-
des to meet the needs of food and biofuel pro-
duction (Kagan et al., 2024). However, excessive
and repeated N inputs increase nitrate leaching
and reactive N gas production, adversely impac-
ting the environment and human health (Fowler
et al., 2013; Yang et al., 2019, 2023). The results
showed that the concentrations of ammonia, nit-
rate, nitrite, and total nitrogen varied. However,
according to Government Regulation Number
22 of 2021, Appendix VI, the concentrations met
the quality standard requirements. The details are
presented in Figures 2-5.
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Figure 2. Ammonia Concentration in Rice Field Irrigation Canals

Irrigation II, III, and V show the lowest
concentrations, each at 0.03 mg/L. These values
suggest minimal ammonia pollution, possibly
due to reduced fertilizer runoff or better water
management in those locations. Irrigation VII re-
cords the highest ammonia level at 0.09 mg/L,
followed by Irrigation VIII and IX at 0.08 mg/L.
These values are still well within safe limits but
indicate comparatively higher ammonia input,
potentially due to more intensive farming or re-
cent fertilization activities. The irrigation canals
for the rice fields exhibit low ammonia concent-
rations, all of which are significantly below the
regulatory threshold of 0.2 mg/L. These findings

reflect a healthy water quality status with minimal
risk from ammonia pollution across the surveyed
areas. However, irrigation sites VII-IX, while still
compliant, may warrant periodic monitoring to
prevent potential future exceedances due to inc-
reased nutrient loading. The results show that the
ammonia concentration meets the class I quality
standard (Figure 2). The distribution of ammo-
nia in irrigation canals ranges from 0.03 to 0.09
mg/L. According to Government Regulation No.
22 of 2021, Attachment VI, the quality standard
for ammonia concentration is 0.2 mg/L. There-
fore, the ammonia concentration data meet the
quality standard.
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Figure 3. Nitrite Concentration in Rice Field Irrigation Canals

As depicted in Figure 3, all irrigation sites
show nitrite concentrations significantly below
the regulatory limit of 0.06 mg/L, indicating
good water quality regarding nitrite pollution.
The measured concentrations range from 0.002
mg/L (Irrigation V & VI) to 0.035 mg/L (Irriga-
tion VII). Irrigation V and VI exhibit the lowest
nitrite levels, each at 0.002 mg/L, suggesting mi-
nimal organic matter breakdown or contaminati-
on from agricultural sources. Irrigation VII shows
the highest nitrite concentration at 0.035 mg/L,
followed by Irrigation IX: 0.032 mg/L and Irri-
gation IV: 0.024 mg/L. These values are still well
within the safe limit, but they may indicate higher
microbial activity or recent fertilizer runoff in
those areas. All values are within the government
standard of 0.06 mg/L, meaning the nitrite con-
tent in the irrigation canals poses no immediate
risk to aquatic ecosystems or agricultural use.

Irrigation VII and IX have the highest con-
centrations of both ammonia and nitrite, sugges-
ting possible recent fertilizer application, organic

waste input, incomplete nitrification, or higher
microbial activity converting ammonia into nit-
rite. Irrigation II, III, V, and VI consistently show
very low levels of both compounds, indicating mi-
nimal nitrogen input and a healthier water quality
profile. Irrigation IV is interesting as ammonia is
moderate (0.04 mg/L) but nitrite is relatively high
(0.024 mg/L), which may reflect active nitrifica-
tion processes or older ammonia inputs already
being transformed. The test results showed that
the nitrite concentration ranged from 0.002 mg/L
to 0.035 mg/L, meeting the quality standards (Fi-
gure 3). The highest spatial distribution of nitrite
concentration was observed at location 7 in the
irrigation canal, during the active vegetative sta-
ge. According to Government Regulation No. 22
of 2021, Attachment VI, the quality standard for
nitrite concentration is 0.2 milligrams per liter
(mg/L). Therefore, the nitrite concentration data
meet the quality standard.
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Figure 4. Nitrate Concentration in Rice Field Irrigation Canals

Figure 4 shows that the nitrate levels across
all locations are well within safe limits, indicating
a low risk of contamination or eutrophication.
Irrigation VI shows the highest nitrate presen-
ce, possibly due to nearby agricultural runoff or
fertilization, but it is still far below the 10 mg/L
threshold. The very low values in Irrigation ITI-V
(less than 0.07 mg/L) suggest either excellent na-
tural filtration, minimal nitrogen input, or both.
The overall trend shows a spike at Irrigation VI,

followed by moderate values, which could indica-
te localized sources of nitrate input. The irrigati-
on canal water is safe with respect to nitrate pol-
lution. The concentrations observed do not pose
environmental or health concerns under current
conditions. Continued monitoring is advisable,
especially at locations like Irrigation VI, where
levels are relatively higher. The nitrate concent-
ration ranged from 0.052 mg/L to 1.700 mg/L,
meeting the quality standards. The vegetative and
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generative phases of rice plant growth influence
the increase and decrease in nitrate concentrati-
on.

In Figure 5, the total nitrogen levels are
consistently low, suggesting minimal nitrogen
pollution across all irrigation canal locations. The
highest level (2.9 mg/L in Irrigation VI) is still
significantly lower than the legal threshold, indi-
cating no immediate environmental concern re-

garding nitrogen contamination. The slight fluc-
tuations across sites may be due to local land use,
fertilizer runoff, or organic matter input; however,
all are within safe limits. The irrigation canals are
in good environmental health regarding nitrogen
pollution, and the current management or usage
practices are effective in keeping nitrogen levels
under control.
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Figure 5. Total Nitrogen Concentration in Rice Field Irrigation Canals

Analysis of water quality parameters, inclu-
ding ammonia, nitrite, nitrate, and total nitrogen, du-
ring the active vegetative period revealed an increase
in nitrate and total nitrogen concentrations, followed
by a decrease in ammonia and nitrite levels. Aerobic
conditions, ammonia volatilization, and nitrogen
residues in the aquatic system contribute to environ-
mental changes. This process involves the transfor-
mation of nitrogen into various nitrogen compounds,
including nitrate, nitrite, and ammonia (Da Silva et
al., 2020). Research in nine rice field irrigation canals
identified seven classes and 22 plankton species,

comprising 18 phytoplankton species and four zoop-
lankton species. The most dominant phytoplankton
species was Melosira sp. (Bacillariophyceae class) with
an abundance of 7.14%, followed by Staurastrum sp.
(Chlorophyceae class) at 6.44%, and Anabaena sp. (Cy-
anophyceae class) at 6.14%. Meanwhile, the species
with the lowest abundance was Tetrapedia sp., which
was only 2.87%. Among the zooplankton groups, the
species with the highest abundance were Lestes sp. lar-
vae (2.68%) and Libellula larvae (2.48%). The zoop-
lankton with the lowest abundance was Nauplius sp.,
only 1.19% (Table 2).

Table 2. An Abundance of Plankton Taxa in Rice Field Irrigation Canals

Irrigation
No Taxa/Class/Genus > %
I m v vV VI v viI IX
Phytoplankton
Cyanophyceae
Anabaena sp 6 8 4 4 7 5 11 8 62 6.14
2 Coleosphaerium sp 8 11 6 4 6 11 50 4.96
3 Tetrapedia sp 0 1 1 1 2 3 5 29 2.87
Bacillariophyceae
4 Pinnularia sp 5 3 1 9 3 6 8 5 3 43 4.26
5  Gomphonema sp 4 2 8 6 3 9 0 13 49 4.86
6  Navicula sp 10 6 6 2 7 0 5 49 4.86
7  Synedra sp 2 7 3 3 6 0 10 13 5 49 4.86
8  Gyrosigma sp 9 5 5 7 0 1 6 8 9 50 4.96
9 Nitzchia sp 8 0 9 5 7 10 3 7 2 51 5.05
10  Cymbella sp 8 10 3 4 9 6 11 0 56 5.55
11 Surirella sp 3 7 5 0 7 2 14 10 8 56 5.55
12 Eunotia sp 6 0 9 5 0 9 12 6 14 6l 6.05
13 Melosira sp 9 11 8 10 2 8 11 7 72 7.14
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Cholorophyceae
14 Staurastrum sp 0
15 Pediastrum sp 5 7
Conjugatophyceae
16  Mougeotia sp 2 5 1
Fragilariophyceae
Tabellaria sp 5 9 3
17 Zygnemophyceae
18  Gonatozygon sp 0 9 2
Zooplankton
Insecta
19 Larva Libelulla sp 4 6 2
20 Larva Lestes sp
Crustacea
21 Cyclops sp 2 4 1
22 Nauplius sp 2 0 0
Total 103 114 88

235

12 8 13 7 2 13 65 6.44
9 0 11 4 6 6 51 5.05
1 4 9 3 5 9 39 3.87
10 6 8 1 0 3 45 4.46
7 4 11 11 5 8 57 5.65
4 1 1 2 1 4 25 2.48
0 2 4 3 6 27 2.68
1 2 0 1 0 0 11 1.09
1 3 1 1 1 3 12 1.19

101 95 113 131 122 142 1009 100.00

The highest number of species was found in Ir-
rigation IIT, TV, and VII, with 21 species each. This fin-
ding suggests that the environmental conditions in the
three irrigation canals are relatively stable, supporting
plankton diversity. In contrast, the lowest number of
species was recorded in Irrigation V, with 18 species
(Figure 7a). This finding suggests that environmen-
tal factors, such as poor water quality or low nutrient
availability, limit plankton diversity. The highest abun-
dance of plankton was found in Irrigation IX, with
142 individuals, followed by Irrigation VII, with 132
individuals (Figure 7b). This number indicates that
both irrigation canals have conditions that support the
growth and reproduction of plankton.

19 19 19 19
18 H
I I I IV V VI VI VII IX
(a)
2.87
282283 282 284
b T
2.78 276 278
H 2.71
I II I IV V VI VI VII IX

(c)

In contrast, the lowest abundance of plankton
was recorded in Irrigation III with 88 individuals. The
calculation of the species diversity index revealed va-
riations among irrigation canals. The highest diversity
index was found in Irrigation IX, with a value of 2.87,
followed by Irrigation VII, with a value of 2.84. Me-
anwhile, the lowest diversity index value was recorded
in Irrigation VI at 2.71 (Figure 7c). Overall, the diver-
sity index values at all research locations are classified
as moderate. The species evenness index showed the
highest values in Irrigation I, I, and IX, with a value
of 0.96 each, while the lowest value was recorded in
Trrigation IV, with 0.91 (Figure 7d).

114

103 101 g5

88

I I m v v

(b)

VI VII VIII IX

096 096 095 0.96
003 0%
0.93 5
H 0.91 Oﬁ‘ H
I I I IV V VI VIVI X

(d)

Figure 7. Number of Species (a), Abundance (b), Diversity Index (c), and Evenness of Plankton Taxa Species
in Irrigation Canals of Rice Fields in Tomohon City, North Sulawesi
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The influence of environmental factors on
sampling locations was analyzed using Principal
Component Analysis (PCA). The PCA ordination
diagram indicates that the first axis (axis 1) accounts
for approximately 97.27% of the variation in envi-
ronmental characteristic data measured at each ob-
servation location. The analysis results indicate that
environmental characteristics, including nitrate and
nitrogen levels, have a significant impact on sampling

locations. In contrast, environmental parameters such
as nitrite and ammonia levels show a lower influence
on the distribution of sampling locations. The PCA
ordination of environmental factors at nine irrigation
locations reveals that Irrigation 1 and 9 are predomi-
nantly affected by high nitrate levels (Figure 8). In
contrast, Irrigation 6 is characterized by high nitrogen
levels, which distinguish it from other locations.
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Figure 8. Principal Component Analysis of the Relationship Between Environmental Factors and

Sampling Location

The results of this study indicate that the num-
ber of plankton species in rice field irrigation canals
in Tomohon City is higher compared to Arfiati et
al. (2024) in Rawa Klampok, Malang Regency, who
only reported 13 plankton genera. However, the num-
ber of species found in this study was lower than the
results reported by Nahiduzzaman et al. (2023), who
identified 46 plankton genera, and Nizar et al. (2022),
who identified 25 plankton species. The difference in
the number of plankton species between these studies
is greatly influenced by habitat conditions and samp-
ling methods used. According to Titaley et al. (2021),
the abundance and diversity of plankton at each loca-
tion are highly dependent on the physical, chemical,
and biological factors that shape the conditions of its
habitat. These factors are influenced by the season
and anthropogenic disturbances, such as settlements,
agricultural activities, and industrial areas, which
contribute to ecosystem productivity, including the
abundance and diversity of plankton (Nugroho et al.,
2020).

The study results showed that Melosira sp. (Ba-
cillariophyceae class) and Staurastrum sp. (Chlorophyceae
class) were the dominant species in all study locations.
The dominance of the Bacillariophyceae class can be
attributed to its ability to adapt to freshwater environ-
mental conditions, and the availability of sufficient
nutrients supports its survival. This group is one type
of algae that is qualitatively abundant in various types
of waters, especially rivers. According to Wantasen et

al. (2022), Bacillariophyceae is a group of algae that
is qualitatively and quantitatively abundant in vario-
us types of waters, both as plankton and periphyton.
Bacillariophyceae is part of the cosmopolitan phytop-
lankton group, which exhibits high resistance to ex-
treme conditions, is easily adaptable, and has a very
high reproductive capacity. Nizar et al. (2022) stated
that the plankton that generally dominate freshwater
come from the diatom (Bacillariophyceae) and green al-
gae (Chlorophyceae) groups. High adaptability and ra-
pid reproduction rates make Bacillariophyceae the most
manageable plankton group to grow in various aqua-
tic environmental conditions (Xia et al., 2024). This
group also has a wide distribution, covering marine
waters, freshwater, and moist soil. Bacillariophyceae
is also the primary food source for fish and shrimp
larvae, thereby playing a crucial ecological role in the
aquatic food chain. Chlorophyceae or green algae con-
tain chlorophyll a and b and are often found in relative-
ly calm waters. This phytoplankton has a high photo-
synthetic ability, so it is the primary producer in the
aquatic ecosystem. Amini et al. (2024) also showed
that Chlorophyceae is the most dominant phytoplank-
ton group in various waters.

The diversity index (H’) at all observation sta-
tions is 1-3, indicating that the irrigation waters of
rice fields in Tomohon City are included in the mo-
derate pollution category. According to Rukmina-
sari (2018), an H’ value of 1 indicates that the biota
community is unstable, so that the water can be cate-



S.Wantasen, J. N. Luntungan, R. Koneri, S. Tumbelaka,

237

J. Joseph, J. V. Jermias / JPII 14 (2) (2025) 229-240

gorized as heavily polluted. Meanwhile, an H’ value
between 1 and 3 reflects the stability of the moderate
biota community, so that the waters can be categori-
zed as moderately polluted. If the H’ value > 3, the
biota community is considered stable, indicating that
the waters are unpolluted. The higher the diversity
index value, the more diverse the life in the waters,
indicating that the ecosystem is in better condition.
According to Chandel et al. (2024), plankton diversity
can be used to indicate water quality because plank-
ton is highly sensitive to changes in water conditions.

The evenness index determines the likelihood
of a greater abundance of some types of biota over
others, resulting in dominance. The evenness index in
the study ranged from 0.91 to 0.96, which falls wit-
hin the high evenness category (E > 0.6) (Palupi et
al., 2024). According to Nam et al. (2022), the greater
the evenness index in a community, the more nearly
equal the number of individuals of each species is.
Based on the evenness index data in this study, the
habitat conditions appear to be stable. The smaller the
evenness index value, or the closer it is to zero, the gre-
ater the uniformity of the phytoplankton population.
An evenness index approaching zero tends to indicate
an unstable community, meaning that the distribution
of the number of individuals of each species is not
uniform and is dominated by a particular species in
the population.

Environmental characteristics, such as nitrates
and nitrogen, significantly affect plankton diversity
at the research location. Nitrate is the main form of
nitrogen in water. Nitrate is the primary nutrient for
plant growth. In Irrigations 1, 2, 6, 7, 8, and 9, the nit-
rate concentration ranges from 0.7 to 1.7 mg/L, and
these irrigations also have the highest abundance of
plankton compared to the other irrigations. Changes
in land use in drainage basins and the introduction of
pollutants into the water system can alter the balance
of functional relationships within aquatic ecosystems,
which can be indicated by the dominance of certain
types of biota, such as blooming algae, disrupting the
food chain system, and deteriorating water quality.
Nitrate is the primary form of nitrogen in natural wa-
ters and serves as the primary nutrient for plant and
algal growth. Nitrate is stable, very soluble in water,
and abundant in water polluted by organic waste. In-
put from organic matter and runoff from domestic
activities increases the concentration of nitrates in the
water. Nitrate can also be obtained from agricultural
activities during the rice planting season, which is at-
tributed to the addition of NPK fertilizer (Kaswinarni
etal., 2023; Xia et al., 2024).

According to Fachrul et al. (2021), nitrate con-
centrations exceeding 0.2 mg/L lead to eutrophica-
tion, or an increase in water fertility, resulting in ex-
cessive algae and aquatic plant growth. Oligotrophic

waters generally have nitrate levels of 0-1 mg/L
(Yeanny & Barus, 2019). Irrigation channels in To-
mohon City, which are surrounded by rice and vege-
table farms, receive runoff containing chemical ferti-
lizers, which then affect nutrient levels in the water.
High levels of nitrate and total nitrogen in water can
increase the abundance of phytoplankton, including
potentially toxic species (NGges et al., 2023). Accor-
ding to Nur Aini and Safira (2023), nitrate is the
primary nutrient for plankton and is highly soluble in
water, making it stable when nitrogen compounds un-
dergo complete oxidation in the water system. Plank-
ton serve as a bioindicator, providing an overview
of the quality status of water bodies, which can be
used as a tool to assess water conditions (Asriansyah
et al., 2021; Susilo & Tito, 2023; Thakur et al.,
2013). Although the results indicate that plankton
diversity remains in the moderate category, the study
reveals that the irrigation ecosystem is under particu-
lar pressure due to nitrogen residues from fertilizers.
However, this ecosystem still has resilience, as indica-
ted by the presence of various plankton species. The
aquatic ecosystem can be degraded if nitrogen input
increases (Ujianti et al., 2019).

This study underlines the environmental feasi-
bility of the rice field irrigation system in Tomohon
City, characterized by controlled nitrogen residue
levels and a diversified and thriving plankton com-
munity. Effective nitrogen fertilizer management can
enhance ecosystem health, agricultural productivity,
and the sustainability of agricultural resources, as
well as the environmental quality and sustainability
of production systems. The contribution of this study
to the environmental field is to determine the impact
of chemical fertilizer residues, particularly nitrogen,
on aquatic ecosystems and assess water quality. The
optimal use of best management practices, such as
precision agriculture and buffer zones, to reduce
nitrogen runoff can be explored in this study soon.
Water-related agronomic techniques require efficient
and sustainable water use in agriculture to increase
crop yields while conserving water resources, which
should be included in future strategies.

CONCLUSION

The concentration of total nitrogen and
nitrate residues decreased, followed by an inc-
rease in ammonia and nitrite residues. The di-
versity of plankton found was classified as mo-
derate, with the dominance of species from the
Bacillariophyceae and Chlorophyceae classes. This
indicates that the irrigation water system can still
support plankton life, but also shows potential for
ecological pressure to increase with increasing
nitrogen accumulation. The findings of this stu-
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dy confirm that the use of nitrogen fertilizers in
agricultural practices needs to be better managed
to mitigate adverse impacts on the aquatic envi-
ronment. Implementing sustainable agricultural
strategies, such as fertilizer management tailo-
red to plant needs, precision irrigation systems,
and reducing nitrogen runoff through vegetative
buffer zones, are crucial steps in maintaining the
balance of the irrigation water ecosystem in rice
fields.
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