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Aquaculture is vital for global food security, yet cemented ponds often face challenges 
related to poor water quality and low natural productivity owing to the absence of bottom 
soil. This study investigates the use of vermicompost, a nutrient-rich organic fertilizer, to 
enhance water quality and increase plankton production in aquaculture systems. The 
experimental design involved four cemented tanks: a control (Without fertilizer) and 
three treatments with varying vermicompost application rates (5,000, 10,000, and 15,000 
kg/ha/yr). Assessments of water quality parameters—including dissolved oxygen, pH, and 
ammonia levels—were conducted, along with sampling of plankton abundance and 
species composition. Results indicated improvements in water quality, particularly in DO 
levels, with the highest rates observed in the treatment receiving 15,000 kg/ha/yr 
vermicompost. Additionally, plankton diversity (Diversity index) and abundance 
increased with higher vermicompost applications, notably enhancing phytoplankton 
groups, particularly Chlorophyta, while maintaining stable zooplankton populations. 
These findings suggest that vermicompost is a promising sustainable alternative to 
chemical fertilizers, effectively improving water quality and fostering a healthier aquatic 
ecosystem, thereby supporting aquaculture productivity. Future research should explore 
the long-term effects of vermicompost in various aquaculture settings. 

INTRODUCTION 

Aquaculture is a rapidly growing sector contributing sig
nificantly to global food security. Cemented ponds are in
creasingly used in aquaculture due to their durability and 
ease of maintenance. However, these systems often suffer 
from poor water quality and low natural productivity, which 
can limit fish growth and health. In cemented ponds, the 
absence of soil means that natural processes, such as the 
mineralization of organic matter and the release of es
sential nutrients (like nitrogen and phosphorus), are lim
ited. This results in fewer nutrients available for plankton 
growth, which is a primary food source for many aquatic 
species. Additionally, the water retention capacity of ce
mented ponds is less efficient, often leading to temperature 
fluctuations, oxygen depletion, and increased accumulation 
of waste products like ammonia and nitrite. These factors 
can stress the aquatic organisms, reduce growth rates, and 
increase susceptibility to diseases, ultimately impacting the 
overall productivity of the pond.1 

Vermicompost, a product of organic waste decomposi
tion by earthworms, is rich in nutrients and beneficial mi

croorganisms. This study explores the potential of vermi
compost to optimize water quality and enhance plankton 
production, providing a sustainable alternative to chemical 
fertilizers.1 

Vermicompost is known for its high content of essential 
nutrients, including nitrogen, phosphorus, and potassium, 
as well as trace elements and beneficial microbes.2 These 
properties make it an excellent organic fertilizer for en
hancing soil and water quality. Maintaining optimal water 
quality is crucial for successful aquaculture. Key parameters 
include pH, DO, and concentrations of nitrogenous com
pounds. Poor water quality can lead to fish stress and dis
ease outbreaks.3 Several studies also reveal that vermicom
post application increases the survival rate of different fish 
species while utilizing fewer economic inputs.4‑6 This is 
due to its potential to optimize water quality and promote 
pond primary productivity. 

Since plankton serves as a primary food source for many 
fish species, especially in the early stages of development, 
enhancing plankton biomass can improve fish growth rates 
and overall pond productivity. However, the impact of ver
micompost in providing conducive water quality and plank
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ton production is not explored clearly. This is because many 
of the experiments4‑6 were carried out in the presence of 
fish, which have their own impact on water quality and 
pond primary productivity. Therefore, this study aims to in
vestigate the effect of vermicompost on water quality and 
plankton production, minimizing the effects of fish on the 
result. 

MATERIALS AND METHODS 

The experimental study was conducted from April 2024 
- May 2024 for 4 weeks, in Sidama Agricultural Research 
Institute (SARI) fisheries research center. Four cemented 
tanks (size 12.5 m3 each, 5 m x 2.5 m x 1 m) were used 
as a control tank (without fertilizer), Treatment 1 (5,000kg/
ha/yr vermicompost), treatment 2 (10,000kg/ha/yr vermi
compost) and treatment 3 (15,000kg/ha/yr vermicompost). 
The vermicompost application rate of 10,000kg/ha/yr was 
reported to be most productive in plankton abundance and 
species diversity, hence graded levels of vermicompost lev
els 5,000kg/ha/yr, 10,000kg/ha/yr and 15,000kg/ha/yr was 
used. Each pond was first cleaned and left to dry with sun
light as a means to reduce microorganisms. A volume of 
12.5m3 water was added to the ponds that were obtained 
from deep wells, and was periodically added to these ponds, 
i.e. every 2 to 3 days, to compensate for the loss from evap
oration and seepage. The water depth of the pond varies 
between 0.9 and 1 m. Periodic application of vermicompost 
provides an energy base for bacterial activities and replen
ishment of nutrients in the media. First, 25% of the ver
micompost was applied 15 days before the onset of the ex
periment; the rest of the compost was applied equally in 
one-week intervals. 

Water quality parameters (Dissolved oxygen ‘DO’, pH, 
Water temperature, ammonia concentration) were mea
sured weekly from each pond. Plankton abundance and taxa 
composition were determined bi-weekly. Plankton samples 
were collected using a plankton net. Plankton were counted 
using a Sedgewick Rafter cell counter under a binocular mi
croscope. 

PREPARATION OF VERMICOMPOST 

Spent Mushroom Substrate (SMS) was pre-composted (by 
sprinkling with water and stirring for 2 weeks) and then 
inoculated with earthworm, Eisenia fetida. The pre-com
posting is necessary to reduce anaerobic conditions and in
crease substrate palatability to the earthworms. Vermicom
posting was done in a pit. The size of each pit was 0.25 m3 

(2m x 0.5 m x0.5m) on a rectangular plot with an erected 
shed. 

WATER QUALITY, PLANKTON ABUNDANCE AND THEIR 
NUTRIENT CONTENT 

Water quality samples were collected at seven days inter
vals. Dissolved oxygen (mg L−1), pH and water temperature 
(0C) were measured each week from three different spots 
in each treatment using a portable DO meter (DO-5509, 

Table 1. Vermicompost chemical composition    

Parameters Values 

pH 6.97 

EC (mS/m) 5.88 

TKN (%) 2.39 

TOC (%) 47.45 

C/N ratio 20.00 

TAP (g/kg) 4.76 

EC, TKN, TOC and TAP means Electric Conductivity, Total Kjeldahl Nitrogen, Total Or
ganic Carbon and Total Available Phosphorus respectively. 

AF-11581, Taiwan), a digital pH meter, and a thermometer, 
respectively. Water samples were also collected from each 
spot in a 200 ml plastic bottle to determine ammonia level 
(mg L−1) in the laboratory. Ammonia was determined using 
a spectrophotometer; total alkalinity and hardness were 
measured by the titrimetric method using a 0.2 N H2SO4, 
titrant ethylene diamine tetra-acetic acid (EDTA), respec
tively.7 Stirling8 protocol was used for plankton abundance 
estimation by using a Sedgewick Rafter cell (S-R cell) and 
a compound microscope with 10x, 40x and 100x magnifica
tion. Plankton biomass of the pond water was also analyzed 
at fortnight intervals by filtering 3 liters of water from five 
spots through a bolting silk cloth of 20 µm and 50 µm mesh 
size for phytoplankton and zooplankton. The concentrated 
samples were transferred to a measuring cylinder and care
fully made up to a standard volume of 50 ml with distilled 
water. The collected plankton samples were then preserved 
in 10% buffered formalin in small plastic bottles each for 
subsequent studies. 

The determination of the percentage species abundance 
of plankton was done following the method of Bagenal.9 

The quantitative estimation of plankton was done by using 
the following formula: N = (A × 1000 × C) / (V × F × L)10; 
Where, N = Number of plankton cells or units per liter of 
the original water, A = Total number of plankton counted, C 
= Volume of final concentrate of the sample in ml, V = Vol
ume of a field in cubic mm, F = Number of fields counted 
and L = Volume of original water in liter. 

RESULTS 

VERMICOMPOST COMPOSITION 

The chemical composition of the vermicompost used in 
the study is summarized in Table 1. The vermicompost ex
hibited a near-neutral pH, moderate electrical conductivity 
(EC), and a balanced carbon to nitrogen (C/N) ratio. 

WATER QUALITY IMPROVEMENT 

As depicted in table 2 the application of vermicompost 
improved some water quality parameters in the cemented 
aquaculture ponds; however, significant changes were seen 
in turbidity and electrical conductivity parameters (P=0.05). 
Vermicompost application enhanced DO levels in all treat
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ments compared to the control. Treatment 3 (15,000kg/ha/
yr vermicompost) showed the highest increase in DO lev
els by Day 15. The pH levels were stabilized and slightly 
increased in all treatment ponds, maintaining an optimal 
range for aquaculture. Water temperature showed minor 
variations among treatments, with a slight decrease over 
time. Ammonia levels were reduced in all vermicompost 
treatments, with the lowest levels observed in Treatment 3. 
EC values increased slightly in all treatments, indicating an 
increase in ion concentration in the water. 

PLANKTON PRODUCTION 

Higher vermicompost application rates resulted in a signif
icant increase in plankton diversity and abundance, with a 
notable rise in both phytoplankton and zooplankton popu
lations. The results demonstrated a significant increase in 
both phytoplankton and zooplankton diversity and abun
dance in response to the application of vermicompost. 
Overall, plankton taxa found in ponds are depicted in Table 
3, while Table 4 shows their volumetric percentage compo
sition based on taxa. Volumetric taxa percentage composi
tion is also shown as a pie chart in Figures 1 and 2. 

The analysis of variance among the treatments revealed 
significant differences in the abundance of phytoplankton, 

Table 2. Water quality assessment results of treatment ponds        

Water quality parameters Treatments Day 0 Day 15 Day 30 

DO (mgL-1) T1 7.6 8.9 5.67 

T2 7.9 9.6 5.47 

T3 8.5 9.03 5.5 

T4 8.7 10.23 6.47 

pH T1 9.1 9.31 9.48 

T2 9.04 9.33 9.58 

T3 9.3 9.57 9.51 

T4 9.28 9.58 9.78 

Turbidity (NTU) T1 2.98 3.17b 32.57b 

T2 2.86 10.1ab* 20.48b 

T3 3.63 12.58ab 37.6b 

T4 3.64 25.6a 62.17a 

Temperature (oC) T1 25.83 25.23 24.27 

T2 26.43 25.00 23.87 

T3 25.27 24.17 23.5 

T4 26.27 24.67 24.13 

NH3(mgL-1) T1 0.1 0.52 0.00 

T2 0.09 0.34 0.03 

T3 0.1 0.48 0.03 

T4 0.11 0.38 0.02 

Electrical Conductivity (µSm-1) T1 1470 1691ab 1638b 

T2 1488 1717a 1692a 

T3 1453 1665bc 1679ab 

T4 1460 1630c 1674ab 

*superscripts a,b,c&d designate treatment groups have significant difference 

zooplankton, and total plankton counts across the treat
ment groups (T1, T2, T3, and T4) (p < 0.001). The R-squared 
values indicate that the models accounted for a substantial 
proportion of the variance in plankton abundance, with 
values of 0.800, 0.874, and 0.886 for phytoplankton, zoo
plankton, and total plankton, respectively. Additionally, the 
strong correlation coefficients (0.894 for phytoplankton, 
0.935 for zooplankton, and 0.941 for total plankton) suggest 
a robust positive relationship between the application of 
vermicompost and plankton abundance (Table 5). 

Phytoplankton abundance showed a significant increase 
from T1 (45.63*103) to T4 (66.17*103). The mean values 
significantly differ, with T4 exhibiting the highest abun
dance, followed by T3, T2, and T1, which were statistically 
similar to each other. This trend indicated that higher ap
plication rates of vermicompost positively influenced phy
toplankton growth, likely due to enhanced nutrient avail
ability and improved water quality in the aquaculture 
ponds. The R-squared value of 0.800 suggests that the 
treatment explains 80% of the variability in phytoplankton 
abundance, which is substantial. 

Similarly, zooplankton abundance increased signifi
cantly across treatments, with values ranging from 3.7 
thousand in T1 to 9.93 thousand in T4. The differences 
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Table 3. Overall plankton taxa found in treatment       
ponds  

Genus Group 

Anabaena 

Bacillariophyta 

Cyclotella 

Fraglaria 

Gomphoema 

Nitzschia 

Surirella 

Synedra 

Ankistrodesmus 

Chlorophyta 
Botricocus 

Microcystis 

Oedogonium 

Tetraedron 

Aphanocapsa 
Cyanophyta 

Aulacoseira 

Lyngbya 

Peridiium Dinophyta 

Trachelomoas Eugleonophyta 

Diaphanasoma 
Moina 
Ceriodaphinia 
Alona 
Cladocera 
Copepoda 

Crustacea (Zooplankton) 

Asplanchina 
Brachionus 
Filinia 

Rotifera 

in means are statistically significant, indicating that the 
application of vermicompost directly impacted zooplank
ton populations. The positive correlation (0.935) highlights 
a strong relationship between treatment applications and 
zooplankton abundance. The R-squared value of 0.874 in
dicated that 87.4% of the variability in zooplankton abun
dance can be attributed to the treatment effects. 

Table 4. Percentage of volumetric plankton composition in the water sample          

Plankton group 
Treatment (% abundance) 

SD P-Value 
T1 T2 T3 T4 

Bacillariophyta 32.1a 25.23b 19.2d 20.1c 0.4 <0.001 

Chlorophyta 40.97d 54.2c 67.07a 61.1b 0.3 <0.001 

Cyanophyta 24.03a 19.5b 13.03c 15d 0.21 <0.001 

Dinophyta 1a 1a 1a 1a 0.0 - 

Eugleonophyta 2a 2a 3b 3b 0.1 <0.001 

Phytoplankton 100 100 100 100 

Rotifera 29.17d 32.07c 38a 37.3b 0.35 <0.001 

Crustacea 61.1d 68.2a 62.07c 63.07b 0.15 <0.001 

Zooplankton 100 100 100 100 

The total plankton count also showed significant varia
tion across treatments, with T4 having the highest abun
dance at 76.1 thousand, compared to T1 at 49.33 thousand. 
The data suggest that increasing the application rate of ver
micompost not only boosts phytoplankton and zooplank
ton individually but also enhances overall plankton abun
dance, contributing to a healthier aquaculture ecosystem. 
The strong correlation coefficient (0.941) reinforces the 
idea that higher nutrient levels foster greater plankton pro
ductivity, crucial for the growth of the Nile tilapia in these 
systems. 

DISCUSSION 

WATER QUALITY 

The increase in DO levels in the first 15 days can be attrib
uted to enhanced photosynthesis by phytoplanktons where 
their numeric increment is facilitated by the nutrients and 
organic matter in vermicompost. After 15 days, excess or
ganic matter is assumed to be collected on the pond bottom 
which increases aerobic decomposition by bacteria, hence 
it decreases the DO levels. The stabilization of pH levels 
within the optimal range is essential for the physiological 
processes of fish and other aquatic organisms. The reduc
tion in ammonia and nitrate concentrations is particularly 
noteworthy, as these compounds are toxic to fish at high 
levels.11 

The decline in DO by Day 30 raises concerns about the 
potential for oxygen depletion due to organic matter break
down, which can lead to increased biochemical oxygen de
mand (BOD). This aligns with findings from previous stud
ies that highlight the importance of balancing nutrient 
input with microbial respiration rates to maintain optimal 
oxygen levels in aquatic systems.12 

The increase in pH levels across treatments may be in
dicative of higher carbon dioxide uptake by primary pro
ducers, as well as potential ammonia volatilization. Alka
line conditions can affect nutrient availability, particularly 
for phosphorus and nitrogen species, which are crucial for 
algal growth.13 While higher pH levels can promote algal 
blooms, they may also pose risks for certain aquatic organ
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Figure 1. The percentage diversity of phytoplanktons in the water sample          
Dino, eugle, cyno, bacilla and chloro are abbreviated forms of Dinophyta, Euglenophyta, Cyanophyta, Bacillarophyta and Cholorophyta. 

isms that are sensitive to such changes. The results sug
gest that careful management of vermicompost application 
rates is necessary to prevent adverse effects on aquatic life. 

The marked increase in turbidity, especially in T4, in
dicates a rise in suspended particles likely due to organic 
matter from the vermicompost. Elevated turbidity can hin
der light penetration, adversely affecting photosynthetic 
organisms and potentially leading to shifts in community 
structure14The significant turbidity observed in high-ap
plication treatments suggests that monitoring and manag
ing sediment resuspension is crucial, particularly in aqua
culture systems where light availability is critical for the 
growth of phytoplankton. 

The reduction in ammonia levels across treatments 
highlights the potential of vermicompost to enhance nutri
ent cycling within the system. As vermicompost improves 
microbial populations, it can facilitate the conversion of 
ammonia to less toxic forms through nitrification 
processes. This is particularly relevant in aquaculture, 
where ammonia accumulation can be detrimental to fish 
health15The observed trends suggest that vermicompost 
can be an effective strategy for mitigating ammonia toxicity 
in aquaculture environments. 

PLANKTON DIVERSITY AND ABUNDANCE 

The dominance of Chlorophyta and a stable presence of 
zooplankton across treatments suggest a productive and 

balanced aquatic ecosystem essential for enhancing fish 
growth and overall pond productivity. These findings un
derscore the effectiveness of vermicompost in promoting 
healthy aquatic environments conducive to sustainable 
aquaculture practices. The increase in plankton diversity 
and abundance with higher vermicompost application rates 
emphasizes the role of nutrient enrichment in supporting 
aquatic food webs. The substantial increase in Chlorophyta, 
especially in T2 and T3, indicates a favorable response to 
the nutrient influx, which is consistent with literature sug
gesting that nutrient-rich environments can enhance pri
mary productivity.16 Furthermore, the stable populations 
of zooplankton across treatments reflect a healthy food 
web, where increased phytoplankton biomass supports 
higher trophic levels. The results of this study have signif
icant implications for aquaculture management practices. 
Applying vermicompost at moderate rates (e.g., T2 or T3) 
appears to enhance water quality and promote plankton 
production without causing detrimental effects such as ex
cessive turbidity or reduced oxygen levels. This balanced 
approach could lead to more sustainable aquaculture sys
tems, improving not only production but also the overall 
health of aquatic ecosystems. 

PHYTOPLANKTON DIVERSITY AND ABUNDANCE 

The results indicate that Chlorophyta exhibited the highest 
percentage abundance, particularly in treatments T2 (54%) 
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Figure 2. The percentage diversity of zooplanktons in the water sample          

and T3 (67%). This increase can be attributed to the nutri
ent enrichment provided by vermicompost, which supplies 
essential macro- and micronutrients that facilitate phyto
plankton growth. Chlorophytes are often dominant in nu
trient-rich environments, as they can rapidly utilize avail
able nutrients for growth.17 This observation aligns with 
previous studies indicating that organic amendments, such 
as vermicompost, significantly enhance phytoplankton bio
mass and diversity in aquatic ecosystems.18 

In contrast, the abundance of Bacillariophyta (diatoms) 
was highest in T1 (32%) but decreased in the higher treat
ments. This shift may suggest a competitive advantage for 
Chlorophyta in nutrient-rich conditions, where faster 
growth rates can outcompete diatoms for light and nutri
ents. This finding is important because it indicates poten
tial changes in the primary producer community structure, 
which can influence overall productivity and energy trans
fer within the food web. 

Table 5. Numeric abundance of planktons in water samples (10       3)  

Variables Treatments P-value R-squared Correlation coefficient 

T1 T2 T3 T4 

Phytoplankton 45.63c 49.22bc 51.25b 66.17a <0.001 0.800 0.894 

Zooplankton 3.7c 7.53b 8.51ab 9.93a <0.001 0.874 0.935 

Total Planktons 49.33c 56.75b 59.76b 76.1a <0.001 0.886 0.941 

ZOOPLANKTON COMPOSITION 

The composition of zooplankton, particularly Crustacea 
(61% in T1 and 68% in T2), illustrates a strong relationship 
between phytoplankton abundance and zooplankton popu
lations. The stable presence of zooplankton across all treat
ments indicates a well-functioning food web where in
creased phytoplankton biomass supports higher trophic 
levels. This correlation highlights the role of primary pro
ducers in providing a food source for zooplankton, which 
are essential for the transfer of energy to higher trophic lev
els, including fish.19 

Interestingly, the relatively consistent presence of Ro
tifera (29% in T1 and increasing to 38% in T3) suggests that 
this group of organisms may also benefit from the nutri
ent-rich conditions created by vermicompost application. 
Rotifers play a crucial role in nutrient cycling and can act 
as indicators of water quality. Their increased abundance 
in treatments with higher vermicompost applications indi
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cates that the overall ecosystem health may be improving, 
promoting a diverse and stable zooplankton community. 

IMPLICATIONS FOR AQUACULTURE MANAGEMENT 

The observed shifts in plankton community structure em
phasize the importance of managing nutrient inputs in 
aquaculture systems. The enhancement of chlorophyte 
populations can lead to increased primary productivity, 
which may improve fish growth rates and overall yields. 
However, it is crucial to monitor the balance of nutrient 
inputs to avoid potential negative impacts, such as algal 
blooms or decreased water quality due to high turbidity. 
The enhanced total plankton abundance across treatments 
suggests a thriving aquatic ecosystem, highlighting the ef
ficacy of vermicompost in promoting productivity within 
the aquaculture ponds. These findings provide valuable in
sights into the role of organic amendments in supporting 
sustainable aquaculture practices. 

Moreover, the presence of diverse zooplankton popula
tions indicates a healthy ecosystem capable of supporting 
fish and other higher trophic levels. This relationship un
derscores the need for sustainable practices in aquaculture, 
such as the strategic use of organic amendments like vermi
compost, to enhance nutrient availability while maintain
ing water quality and biodiversity. 
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