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Abstract

This study evaluated the potential of aquaculture effluent as a liquid organic fertilizer to enhance soil fertility
and cassava (Manihot esculenta Crantz) productivity. Conducted in Blang Berandang Village, West Aceh Regency,
the experiment employed a Randomized Complete Block Design (RCBD) with six treatments: a control (0%
effluent), inorganic fertilizer, and four effluent concentrations (25%, 50%, 75%, and 100%), each replicated four
times. Measured variables included soil chemical properties (pH, organic carbon, total nitrogen, available
phosphorus, and exchangeable potassium), plant growth parameters, and tuber yield. Results indicated that the
aquaculture effluent was rich in nutrients, containing 35.2 mg L™' nitrogen, 12.6 mg L™' P20s, and 22.4 mg L™'
K20, with a C/N ratio of 3.6. Effluent application significantly improved soil physicochemical properties, raising
soil pH from 5.5 to 6.9 and organic carbon from 1.25% to 2.45%. Furthermore, total nitrogen, available
phosphorus, and exchangeable potassium levels increased in proportion to effluent concentration. The 75%
effluent treatment yielded the optimal results, producing a plant height of 135.4 cm and a tuber weight of 4.12 kg
per plant—a 90% increase compared to the control. These findings demonstrate that aquaculture effluent
significantly enhances soil fertility and cassava productivity relative to untreated controls. Consequently, its
utilization offers a sustainable, eco-friendly strategy for integrated aquaculture-agriculture systems, contributing
to increased crop production while mitigating environmental impacts associated with aquaculture waste.

Keywords: Agricultural Wastewater Reuse, Circular Agriculture, Manihot esculenta Cultivation, Nutrient Recycling,
Sustainable Crop Production

1. Introduction Aquaculture effluent typically contains organic

Agriculture plays a crucial role in ensuring national
food security and maintaining ecosystem sustainability.
However, agricultural and aquaculture systems are often
managed independently, leading to inefficient resource use.
One of the major concerns is the discharge of nutrient-rich
wastewater from aquaculture systems, which is often
released into the environment without proper utilization
(Al-Wabel et al., 2024; Campanati et al., 2022a; FAO,
2024; Saliu & Oladoja, 2021). Integrating aquaculture and
agriculture through an Integrated Aquaculture—Agriculture
System (IAAS) offers an effective strategy to improve
nutrient recycling, enhance soil fertility, and promote
sustainable agricultural production (Turlybek et al., 2025;
Verma et al., 2023).

*Correspondence: wirahadianto@utu.ac.id

residues from feed and fish excretion, as well as essential
nutrients such as nitrogen (N), phosphorus (P), and
potassium (K), along with micronutrients including calcium
(Ca), magnesium (Mg), and zinc (Zn) (Devi et al., 2024;
Hleibieh et al., 2026). These nutrients indicate that
aquaculture wastewater has considerable potential for use
as a liquid organic fertilizer (Ahuja et al., 2020; Al-Wabel
et al., 2024; Van Tung et al., 2021; Zhang Hong et al.,
2021).

The makeup of these nutrients in this farming
byproduct makes it a useful asset that can serve as liquid
organic fertilizer (LOF), offering both ecological safety and
positive effects. Studies have indicated that employing LOF
sourced from farming refuse can improve the physical,
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chemical, and biological aspects of dirt, increase the work
of microbes, and decrease the need for manufactured
fertilizers (ldaryani et al., 2024; Kurnianta et al., 2021;
Riddech et al., 2025; Shi et al., 2023).

Employing liquid organic fertilizer made from fishery
refuse on farmland presents a twofold benefit: it increases
how well resources are used and simultaneously reduces air
contamination from tossing waste into water bodies (Fitrani
et al, 2017; Haryanta & Widya, 2024; Sa’adah,
2025). Furthermore, the elements existing as dissolved ions
such as ammonium (Nhi* * ), nitrate (NOI -), and
phosphate  (POI3" ) are readily absorbed by
plants, particularly when they are in the rapid growth phase
(Kodithuwakku et al., 2024; Ma et al., 2026; Passos et al.,
2023; Shen et al., 2011). Several scientific investigations
have shown that using discharge water from fish farms
promotes the growth of crops such as grain, maize, and
green produce (Al-Wabel et al., 2024; Kaab Omeir et al.,
2020; Kanazoe et al., 2025). Merging fish farming with
crop cultivation has demonstrated a nearly 40%
improvement in the application of water and nutrients
compared to older approaches (Afiya R.S..

The Cassava plant (Manihot Esculenta Crantz) is an
important national commodity, providing another source of
carbohydrates and serving as a feedstock for the bioenergy
industry (Anyanwu et al., 2015; Mohidin et al., 2023; Rozi
et al, 2023; Scaria et al, 2024; Silva et al,
2025). Nevertheless, cassava output at the cultivation stage
remains low, around 25-30 tons per hectare, which is
considerably below the maximum potential yield of better
varieties, which can reach 40 tons per hectare or more. A
primary factor contributing to this diminished output is the
decline in soil fertility due to extensive use of chemical
fertilizersand a decrease in organic matter in the
soil. Small amounts of HCN and substantial starch levels
indicate that cassava has strong potential for cultivation in
marginal and dry regions when  appropriate,
environmentally friendly management practices are applied
(Bilong et al., 2022; Hafif et al.,, 2024; Kintché et al.,
2017).

Previous studies have demonstrated the potential use of
aquaculture wastewater as an alternative nutrient source in
agricultural systems (Al-Wabel et al., 2024; Campanati et
al., 2022b; Tabrett et al., 2024). Aquaculture effluent
generally contains considerable amounts of nitrogen (N),
phosphorus (P), and potassium (K) derived from fish feed
residues and metabolic waste, which can improve soil
nutrient availability and enhance crop productivity (Al-
Wabel et al., 2024; Diatta et al., 2023; Zhang et al., 2023).
For instance, irrigation with aquaculture wastewater has
been reported to significantly increase soil nutrient
concentrations and improve plant growth due to the
presence of both macro- and micronutrients in the effluent.
Similarly, research on crop production systems showed that
aquaculture effluent can support plant growth and partially
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substitute conventional fertilizers by recycling nutrients
within integrated farming systems (Chiquito-Contreras et
al., 2022; Fruscella et al., 2025; Kimera et al., 2021;
Lopchan Lama et al., 2025; Oguntade et al., 2026).

Several experimental studies have evaluated the use of
aquaculture wastewater in agriculture on various crops. For
example, Diatta et al. investigated the combined use of
catfish aquaculture wastewater and inorganic fertilizers in
tomato cultivation and reported improvements in plant
growth and biomass production when wastewater was
integrated with balanced nutrient management. Other
studies also reported that aquaculture wastewater irrigation
could improve soil nutrient status and enhance crop yield
while reducing the need for synthetic fertilizers (Al-Wabel
et al., 2024, Fruscella et al., 2025; Guo et al., 2023; Nair et
al., 2025; Obijianya et al., 2025; Saleh et al., 2025).

However, most previous studies have primarily
focused on horticultural crops such as tomato and papaya,
and limited research has explored the use of aquaculture
wastewater for cassava cultivation, particularly in
integrated aquaculture—agriculture systems in tropical
marginal soils. Moreover, previous studies often evaluated
wastewater irrigation alone or in combination with
chemical fertilizers, whereas the potential of aquaculture
wastewater as a liquid organic fertilizer (LOF) for
improving soil fertility and cassava productivity remains
underexplored.

Therefore, the novelty of this study lies in evaluating
the application of aquaculture effluent as a liquid organic
fertilizer for cassava (Manihot esculenta Crantz)
cultivation, specifically focusing on its effects on soil
chemical properties and cassava productivity under an
integrated farming system. This research also provides a
sustainable waste-management strategy for aquaculture
operations, promotes nutrient recycling, and improves
agricultural productivity on low-fertility soils.

Considering these circumstances, this study aims to
evaluate the potential use of aquaculture wastewater as a
liquid organic fertilizer to improve soil fertility and
enhance the productivity of Adira-1 cassava (Manihot
esculenta Crantz). The utilization of aquaculture effluent is
expected to provide an environmentally friendly strategy
for managing aquaculture waste while promoting
sustainable crop production on marginal soils. Furthermore,
this research contributes to the development of an
integrated aquaculture—agriculture system that supports
nutrient recycling, improves resource use efficiency, and
strengthens sustainable food production systems.

2. Material and Methods

This study was conducted during a single cassava
growing season from April 2024 to April 2025 at an
experimental field located in Blang Berandang Village,
West Aceh Regency, Aceh Province, Indonesia (4.143° N;
96.125° E), at an elevation of approximately 15 m above
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sea level. Laboratory analyses were conducted for both
chemical and biological soil properties, in addition to
assessing nutrient levels within the fish effluent at the Soil
Science Laboratory located at Universitas Teuku
Umar. Selecting this particular research spot resulted from
assessing terrain characteristics appropriate for nearby
agricultural workers and the ease of monitoring the
deployment of the fish processing water.

The components used for this investigation include
local or better cassava seed kinds, such as the Adira 1
version, measuring twenty to twenty-five cm long
cuttings. Water effluent from nearby fish ponds, housing
species such as catfish, tilapia, or carp, is collected in
advance for its intended purpose. Typical mineral
fertilizers, such as NPK 15-15-15, urea, or ZA, are also
brought in for contrasting purposes, dosed according to
local recommendations.

Moreover, groundwater or clear water intended for
irrigation is used as a baseline, alongside various agents to
test the ground and water in the lab. These agents include
sulfuric acid, potassium dichromate, Kjeldahl reagent,
Olsen's solution, 1 M ammonium acetate, various enzyme
agents, chloroform for microbial testing, extraction buffer,
and a glucose mixture.

The apparatus utilized involves fieldwork implements
such as hoes, plows, measuring threads, meters, GPS
devices, plot markers, and treatment nameplates. For
assessing plants, tools include measuring tapes, calipers,
digital scales, and leaf-area-measuring tools. Ground
examination tools include soil drills, ring samplers, ovens,
2 mm filters, pH meters, and electrical conductivity
meters. Furthermore, lab instruments such as Kjeldahl
apparatus, spectrophotometers, ovens, muffle furnaces,
incubators, centrifuges, soil enzyme analyzers, and
accessible TOC analyzers are used. Work safety protocols
are upheld by using gloves, safety goggles, and typical
laboratory attire.

This research uses a random design, the Complete
Block Design (RCBD), with four replicates to reduce the
effects of land differences. When there are two factors,
such as wastewater concentration and fertilizer type, a
factorial design is used within the RCBD. For the single
factor layout with the waste water concentration treatment,
there are six different treatments: TO, which is the control
(regular water without fertilizer), T1, standard inorganic
fertilizer for comparison, T2, 25% waste water (1:4
dilution), T3, 50% waste water (1:1 dilution), T4, 75%
waste water (3:1 dilution), and T5, 100% waste water
without any dilution. Each treatment was repeated four
times, making a total of 24 experimental plots, each
measuring 5 m by 5 m, with a spacing of 1 m and a buffer
of 2 m between blocks. Cassava is planted with a spacing
of 100 cm by 80 cm, resulting in approximately 20 to 25
plants per plot.

Effluent is applied regularly using manual watering or
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irrigation systems, adjusted to the plant's nutrient needs,
while inorganic fertilizers are applied according to the
recommended dosage for different cassava varieties. Plant
maintenance includes activities such as weeding, loosening
the soil, and controlling pests, and these are done the same
way across all treatment areas. The data collected includes
the physical, chemical, and biological properties of the soil
before and after treatment, plant growth (such as height,
stem diameter, and number of leaves), and the yield of
fresh and dry tubers per plot. Data analysis was carried out
using ANOVA, followed by Duncan's or Tukey HSD post
hoc tests, Pearson correlation analysis, optimal effluent
dose regression, and optional multivariate analysis, such as
PCA, with differences considered significant at o = 0.05.

-

Site Selection and Land Preparation
(Blang Berandang Village, West Aceh)

Soil Sampling and Initial Soil Analysis
(pH, C-organic, N, P, K)

Collection of Aquaculture Wastewater
(from catfish ponds)

p of T
+ TO = Control (Water only)
- T1 = Inorganic Fertilizer
- T2 = 25% Wastewater
- T3 = 50% Was!
- T4 = 75% Was!
- T5 = 100% Wastewater

Experimental Design
24 plots (5
Cassava Planting

Variety: Adira-1
Spacing: 100 cm x 80 em

Application of Wastewater Treatments.

Plant Maintenance
(Weeding, Irrigation, Monitoring)

Observation of Plant Growth
- Plant Height
- N

- St

Soil Chemical Analysis After Treatment
(pH, C-organic, N, P, K)

Harvest and Yield Measurement
(Cassava Tuber Weight & Productivity)

Statistical Analysis
ANOVA (RCBD) + DMRT 5%

Interpretation of Results

Conclusion

Figure 1. Flow diagram of research implementation

Water samples were collected from three locations in
the ponds for testing pH, electrical conductivity, total
suspended solids, biochemical oxygen demand, chemical
oxygen demand, ammonium nitrogen, nitrate nitrogen, total
nitrogen, phosphate phosphorus, potassium, calcium,
magnesium, sodium, chloride, heavy metals (lead,
cadmium, copper, zinc), and pathogens (optional). The
initial soil samples (0—20 cm and 20—40 cm) were tested for
texture, pH, organic carbon, total nitrogen, available
phosphorus and potassium, cation exchange capacity, bulk
density, porosity, and microbial biological parameters.

The treatment is applied using the effluent at the
correct concentration, either once a week or every two
weeks, through an irrigation hose or by manual watering.
The amount of solution used is adjusted according to the
needs of the plants, such as 10 liters per square meter,
depending on nutrient levels. Inorganic fertilizer (T1) is
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applied at the recommended rate for each cassava variety.
Control (TO0): well water only.

Laboratory and field tests were conducted to assess
how applying fishery wastewater affects soil properties and
cassava plant growth. Wastewater samples were tested for
several key factors. These included pH level, electrical
conductivity, biochemical oxygen demand, chemical
oxygen demand, total suspended solids, nitrogen content in
different forms like ammoniacal nitrogen, nitrite nitrogen,
and total nitrogen, as well as levels of phosphorus,
potassium, calcium, magnesium, and heavy metals such as
lead, cadmium, copper, and zinc. Microbial indicators were
also checked when needed. Meanwhile, soil samples were
tested for their physical properties, including texture, bulk
density, and porosity. They were also checked for chemical
properties like pH, organic matter, total nitrogen, available
phosphorus and potassium, and cation exchange capacity.
Additionally, biological properties were examined,
including microbial biomass, basal respiration, and enzyme
activity (dehydrogenase, phosphatase, and fluorescein
diacetate). In the field, plant growth is measured by
assessing plant height, stem thickness, leaf number, and
yield of fresh and dried tubers. All the data were analyzed
to understand how soil characteristics, available nutrients,
and plant growth and yield responses change across
different treatments. The goal was to evaluate how
effectively fishery wastewater can be used as a liquid
organic fertilizer that is environmentally friendly and
sustainable.

Data normality test (Shapiro—Wilk) dan homogenitas
(Levene). If the data doesn't meet the assumptions, a
transformation is applied, such as a log or a square root.
Analysis of variance (ANOVA) is used for each variable
response variable with the model:

Yij=p+Bi+Tj+eijY_{ij} = \mu + B_i + T_j + {ij}Yij
=p+Bi+Tj+eij

Table 1. Nutrient Content in Fishery Wastewater
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BiB_iBi = block effect, TjT_jTj = treatment effect,
eij\epsilon_{ij}¢ij = error. Analysis of variance (ANOVA)
was performed to determine the effects of the treatments on
the observed variables. When significant differences among
treatments were detected, Duncan’s Multiple Range Test
(DMRT) was applied at a 5% significance level (p < 0.05)
to compare treatment means. Pearson correlation analysis
was conducted to evaluate the relationships between soil
chemical properties and cassava yield. In addition,
regression analysis was performed to determine the optimal
dose of aquaculture effluent for cassava productivity.

All statistical analyses were carried out using **IBM
SPSS Statistics version 26.0 (IBM Corp., Armonk, NY,
USA). Statistical significance was determined at p < 0.05.

3. Results and Discussion
3.1. Chemical Analysis of Fishery Wastewater (Effluent)

At the Faculty of Agriculture's Laboratories, the Soil
and Water Chemistry Laboratory analyzed air fisheries
wastewater using standard procedures (SNI 6989.57:2008
and APHA, 2017). Samples were collected at a depth of
+20 cm below the water's surface from a catfish farming
pond called Clarias gariepinus gariepinus). According to
the investigation, the macro- and micronutrient content is
high enough to sustain plant growth. Phosphorus (P, O; )
12.6 mg/L, potassium (K, O) 22.4 mg/L, and nitrogen (N)
35.2 mg/L demonstrated potential effluent as a natural
liquid organic fertilizer. Ratio A low C/N (3.6) suggests
that the organic matter in the effluent is breaking down
swiftly, ensuring that nutrients are available sooner.

While dissolved organic matter quickly decomposed to
support soil microbial activity, the high levels of N, P, and
K indicated that the effluent could support vegetative
development and the filling of cassava tubers. Rapid
decomposition ensures that nutrients are available more
quickly.

No Parameter Unit Result Criteria fertility
1 pH - 7.4 Neutral

2 Temperate °C 28.3 Ideal microorganisms
3 BOD:; mg/L 36.5 Moderate

4 COD mg/L 64.8 Moderate

5 Total N mg/L 35.2 High

6 P, O; mg/L 12.6 Moderate

7 K; O mg/L 22.4 High

8 Ca mg/L 18.7 Moderate

9 Mg mg/L 9.5 Moderate

10 Na mg/L 14.2 Moderate

11 Fe mg/L 1.8 Safe

12 Mn mg/L 0.54 Safe

13 C-organic mg/L 128.6 High

14 Ratio C/N - 3.6 Low

Note: Fertility criteria based on (FAO, 2021) and (Mansyur et al., 2021).

3.2. Post-Treatment Soil Analysis (After Harvest)
Post-harvest soil analysis revealed significant increases
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in pH, organic carbon, total nitrogen, available phosphorus,
and available potassium with increasing effluent dose. An
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increase in pH from 5.4 (control) to 6.7-6.9 at effluent
doses of 75-100% occurs because alkaline cations (Ca2* ,
Mg2* , K* ) neutralize hydrogen ions (H* ) in the soil
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the availability of cations enhance cation exchange capacity
(CEC), improve soil structure, and boost microbial activity,
thereby increasing the availability of nitrogen, phosphorus,

exchange complex (Table 2). The rise in organic matter and  and potassium to plants.

Table 2. Post-Treatment Soil Analysis (After Harvest).

Parameter Unit TO T1 T2 T3 T4 T5 criteria

pH (H; O) - 5.5 5.8 6.0 6.4 6.7 6.9 Slightly sour—neutral
C-organik % 1.25 1.40 1.85 215 2.38 245 Moderate
N-total % 0.12 0.14 0.18 0.22 0.25 0.27 Moderate —high

P mg/kg 9.0 11.3 13.8 16.5 18.4 19.7 Moderate —high
K-dd cmol(+)kg™ t 0.35 0.42 0.58 0.71 0.84 0.87 Moderate —high
KTK cmol(+)kg™ 1 14.9 15.4 16.2 171 17.8 18.1 Moderate —high

Note: Soil chemical properties were analyzed at the Soil Science Laboratory, Faculty of Agriculture, Universitas Teuku Umar, Aceh, Indonesia.
The experiment used a randomized complete block design (RCBD) with six treatments and four replications (24 soil samples). Values are the

meaning of four replications.

3.3. Vegetative Growth and Yield

Effluent from fisheries raised the plant height from
90.3 cm (TO0) to 139.6 cm (T5). The stem diameter rose
from 17.8 mm to 25.2 mm, and the number of leaves
increased from 18.2 to 32.9 with the highest dose of
effluent. This growth enhancement is attributed to the
presence of nitrogen, phosphorus, potassium, and organic
matter in the effluent, which supports vegetative
development, photosynthesis, and the formation of plant
tissues.

It looks like Table 3 shows that increasing the amount
of wastewater used for irrigating cassava plants really
makes a big difference in how well they grow. When plants
get taller, have thicker stems, and produce more leaves, it
means the wastewater is supplying enough nutrients for
them to build up their plant parts. Nitrogen is key for
making chlorophyll and leaves, while phosphorus and
potassium help with stem growth and strong roots. The best
results came from the highest treatment level (T5),
suggesting that the plants can effectively use the nutrients
from wastewater without any signs of excess or harm.

This taller growth in plants basically shows that using
that fishery wastewater as a liquid organic fertilizer, or

Table 3. Vegetative Growth

POC, really works. It's giving them the main nutrients they
need, like nitrogen, phosphorus, and potassium, which are
super important for them to grow their leaves and stems.
Nitrogen, in particular, is a big deal because it helps build
up those plant parts through making proteins and
chlorophyll (Anas et al., 2020; Fathi, 2022; Guan et al.,
2025; Jaiswal & Dakora, 2025; Leghari et al., 2016;
Muhammad et al., 2022; Yang et al., 2025; Zayed et al.,
2023). When plants get enough nitrogen, they can
photosynthesize better, which means they grow faster and
taller.

Potassium and calcium in fish farm wastewater are
believed to be important for cell wall formation and
strengthening plant stems (Burstrom, 1968; Harika et al.,
2024; Meena et al., 2022; M. Wang et al., 2013). Potassium
helps move sugars from photosynthesis around the plant
and keeps cells plump, while calcium helps make plant cell
walls more robust. Nitrogen in this wastewater promotes
the growth of new shoots and leaves, and phosphorus is key
for developing new tissue. Since photosynthesis occurs in
leaves, having more leaves means a larger surface area for
capturing sunlight, which in turn leads to greater plant
growth (Fang et al., 2023; Mridha et al., 2025).

Treatment Plant Height (cm) Stem(rli)]lre:]r)neter Number of Leaves (strands)
T0 90.3+5.6d 178+1.2d 18.2+2.0d
T1 104.7+t6.2¢C 194+14c 221+23c
T2 1149 +58¢c 21.2+15¢c 253+24c
T3 1246 £55b 229+13b 279+25b
T4 1348+53a 245+12a 308+27a
T5 139.6£5.1a 252+11la 329+28a

Note: TO = control treatment (water without fertilizer); T1 = recommended dose of inorganic fertilizer; T2 = 25% aquaculture wastewater; T3 =
50% aquaculture wastewater; T4 = 75% aquaculture wastewater; T5 = 100% aquaculture wastewater. Values represent mean + standard deviation
of four replications. Different letters within the same column indicate significant differences among treatments according to Duncan’s Multiple

Range Test (DMRT) at the 5% significance level (p < 0.05).

The findings revealed that tuber weight increased from
2.15 kg per plant in the control group (TO) to 4.25 kg per
plant in the T5 group. The best results were seen at T4,
which used 75% effluent. The tubers' dry weight also
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increased, from 32.6% to 37.7%. This suggests that the
tubers were of higher physiological quality and contained
more starch.

Table 4 shows that using fishery effluent significantly
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boosts cassava yields. It makes a big difference in the
number of tubers per plant, the total yield per acre, and the
tuber dry weight. This jump in yield suggests that the
nutrients from the effluent are doing a great job helping
tubers grow and fill out properly. The T4 treatment was the
most effective, yielding a substantial increase comparable
to T5. This indicates that using 75% effluent provides
enough nutrients for the plants. On top of that, the organic
matter and key nutrients in the effluent also help improve
soil structure and microorganism activity. This, in turn,
makes nutrient uptake more efficient, thereby positively
affecting the overall quality of the tubers, as evidenced by
their high dry weight.

The increase in tuber bulk implies that fishery
wastewater's nutrient supply assists in both tuber formation
and final size. Nitrogen (N) promotes plant development
and raises the output of energy-making compounds, while
phosphorus (P) and potassium (K) support tuber growth by
controlling how cells multiply, how sugars move, and how
starch is made (Cao et al., 2025; Jiaying et al., 2022; H.
Wang et al., 2024).

This pattern of climbing tuber amounts agrees with
what (2023) found in maize, which uses sewage water as

Table 4. Harvest Results
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liquid plant food, showing a 75% jump in seed output
compared to control teams. The buildup of solid material
inside manioc roots is much influenced by how well the
light-capturing process works and the path of sugars from
the foliage toward the roots. The mineral element
potassium (K) present in used water plays a vital role in
this sequence, since K helps move the captured light energy
toward storage areas and speeds up root bulking.

Based on the study using ANOVA and the 5% DMRT
test, giving wastewater at a rate of up to(T4) resulted in
improvement compared with the untreated group and the
lower. Yet, raising the use from 75% to 100% (T4 — T5)
caused no meaningful difference whatsoever. This indicates
that applying 75% wastewater provides the necessary
nutrients for cassava without introducing excessive
unwanted elements. Using too much wastewater may cause
a buildup of ammonia salts and nitrogen substances, which
could actually reduce how well plants absorb nutrients
(Ahsan et al., 2022; Da Silva Cuba Carvalho et al., 2018;
Hashmat et al.,, 2021). Therefore, implementing 75%
wastewater use is recommended for both farming and
environmental appropriateness.

Treatment Tuber Weight per Plant Tuber Yield Tuber Dry Weight
(kg) (Ton/ha) (%)
TO 215+0.14D 178+1.1d 326+15d
T1 286+0.17C 226+13c 341+13c
T2 325+0.19C 26.1+15¢ 35.4+1.4hc
T3 3.72+£0.22B 299+17b 36.8+1.2ab
T4 418+0.25A 339+18a 375+11a
T5 425+0.27 A 344+19a 37.7+10a

Note: TO = control (water without fertilizer); T1 = recommended inorganic fertilizer; T2 = 25% aquaculture wastewater; T3 = 50% aquaculture
wastewater; T4 = 75% aquaculture wastewater; T5 = 100% aquaculture wastewater. Values represent mean + standard deviation (SD) of four
replications under a randomized complete block design (RCBD). Different letters within the same column indicate statistically significant
differences among treatments according to Duncan’s Multiple Range Test (DMRT) at the 5% significance level (p < 0.05).

These results suggest that runoff from fishing
operations increases both plant growth and the size and
quality of cassava roots. The double effect of this
wastewater, serving as a quick source of nourishment and
improving ground quality, argues for putting into practice a
combined farming method using both fish farming and
cassava growing.

4. Conclusion
Aguaculture wastewater is rich in essential nutrients
(N, P, and K) and exhibits a low C/N ratio, suggesting its
potential as a readily available liquid organic fertilizer for
cassava cultivation. Wastewater application significantly
improved soil chemical properties, including pH, organic
carbon, total nitrogen, available phosphorus, cation
exchange capacity (CEC), and potassium levels, with the
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