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Abstract  7 
A comparative study on the communities of phytoplankton in two newly inundated ponds was carried out from 8 
September 2023 –to October 2023.The study was conducted in a completely random design experimental setup with 9 
two treatments,and eachreplicated twice, using organic (chicken manure) and inorganic fertilizer (chicken manure and 10 
di-a1mmonium phosphate fertilizer,(20:10:10,)(2.5kg for each) fertilizers. Out of 1114 individuals of phytoplankton 11 
identified, 611 were frombelong to the organic fertilizerd-treated tank, while 503 individuals were accounted forfrom 12 
the inorganic fertilizer-treatedd tank. The highest and the lowest phytoplankton species identified were 13 
Dactylococlopsis irregularis(79)>Phormidium tenue (53)>Ankistrodesmus falcatus(39) for the organic fertilized tank 14 
while the dominant species for the inorganic tank were Dactylococlopsis irregularis (45)>Ankistrodesmus falcatus (36), 15 
>Dinobryon bararicum (31). The least dominant species found in this current study for organic fertilizer were 16 
Closterium macilentum(7)>Amoeba polypodia (7)>Volvox aureus (3)>Raphidiopsis curvata(2) while the trend for 17 
inorganic fertilizer were Aphanizomenon flosaquae(7) >Spirulina subtilissima (4) >Nitzschia linearis (2). 18 
Physicochemical factors such asliketTemperature, pH, pPotassium, and tTotal nitrogen, were found to be the important 19 
factors influencing the growth and distribution of phytoplankton and they exhibited significant positive correlation with 20 
phytoplankton in the PCA and CCA biplot. This present study revealed inter-tank differences in some of the physico-21 
chemical parameters investigated. Potassium, phosphorus, nitrogen, and dissolved oxygen (DO) were significantly 22 
different across the two treatments, while temperature and pH were notn-significant, statistically significant (P<0.05). 23 
The result from the analysis of all community parameters (Shannon-Wiener diversity, Evenness, Simpson, and 24 
Margalef indices) showed that parameters varied slight variationsly. The highest in Shannon-Wiener diversity, 25 
Evenness, the Simpson, and Margalef indices were found in the inorganic fertilizer-treated tank with their respective 26 
values (3.216, 0.8901, 0.956, and 4.34, respectively), while the lowest in Shannon-Wiener diversity, Evenness, the 27 
Simpson and Margalef indicesvalues were found in the organic fertilizer-treatedd tank with their respective values 28 
(3.141, 0.8256, 0.9481, and 4.2109, respectively).This result indicates that the abundance and structure of 29 
phytoplankton communities wereas affected by the different fertilizer used and  also the physicochemical condition of 30 
the tankthe tank's physico-chemical conditions.  31 
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1.0 Introduction 35 
In the realm of aquatic ecosystems, phytoplankton serves as a fundamental component, playing a pivotal role 36 

in nutrient cycling and primary productivity (Ni et al., 2018).Tand the structure of phytoplankton community is a good 37 
indicator of water quality due to its sensitivityalertness to environmental stresses (George and Atakpa, 2015; George 38 
and Opeh, 2016; George et. al., 2021). The introduction of fertilizers, whether organic or inorganic, into aquatic 39 
ecosystems can significantly influence phytoplankton composition and abundance, thereby impacting overall ecosystem 40 
dynamics (Sipaúba-Tavares et al., 2011; Akpan,et. al., 2022; Asuquo,et. al., 2022). 41 

The abundance and structure of phytoplanktonthe populations of phytoplankton are majorly primarilyregulated 42 
by inorganic nutrients, which include, but are not limited to, nitrogen, phosphorus, and silica (Akungaet al., 2018). The 43 
major forms of available nitrogen areoccurs as nitrate, nitrite, and ammonia. Phosphorus occurs as soluble 44 
orthophosphate, while silicaone exists in the form of silicates (USEPA, 2008).  Phytoplankton communities are 45 
sensitive to alterations in their habitats, and thereforeby, phytoplankton total biomass and many phytoplankton species 46 
are utilized as indicators of aquatic habitat qualityfications (Chellappaet al., 2009). Phytoplankton demonstrates water 47 
quality through changes in theirits community composition, and distribution, and proportion of sensitive species 48 
(Gharibet al., 2011). Phytoplankton are largely governed by light, nutrients, temperature, community structure, life-49 
cycle history, stratification or vertical mixing, and tides ((Yusuf, 2020).) 50 

Environmental conditions can directly or indirectly affect the community structure of phytoplankton (Whitton, 51 
2012).  Previous studies have proved shownthat the change characteristics of phytoplankton structurechanges are 52 
closely related to hydrological conditions, and nitrate concentration (Negro et al., 2000). Additionaly, these changes 53 
have a strong, and also have a good coupling relationship with chemical oxygen demand (COD) and particulate organic 54 
matter (POM) (Lee and Kang, 2010). When environmental factors change, theyit can still greatly control the 55 
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phytoplankton community structure. to a great extent. It is becoming more and moreincreasingly essential to study the 56 
changes inof phytoplankton community structure to improve water quality assessment (Huang et al., 2022). Therefore, 57 
monitoring phytoplankton community structure and diversity has become an essential for assessing water ecosystem 58 
health and water quality evaluation (Nuneset al., 2018). Thus, uUnderstanding the changes ofin phytoplankton 59 
communities in ponds contaminated by agriculture may contribute to determining the best approaches for directions of 60 
protectiong of these ecosystems and provide reference cases for broaderwider research (Huang et al., 2022).  61 
 Fertilization of ponds to enhance phytoplankton production and zooplankton suitable for larval fish is a 62 
common practice in Nigeria (Sipaúba-Tavares et al., 2011). Fertilizer sources maybe inorganic or organic (matter) as 63 
the case may be, which include agricultural by-products and animal manures. Chemical fertilizers typically is 64 
composedconsistof nitrogen, phosphorus, and potassium compounds that dissolve readily to provide nutrients to 65 
phytoplankton (Green, 2015). Organic fertilizers includes agricultural by-products, for example, rice bran, cottonseed 66 
meal, and animal manures, such asfor example, poultry litter, cow manure, which first must undergo decomposition to 67 
release nutrients for phytoplankton growth.  The combined use of organic and inorganic fertilizer is known to have 68 
direct impact on the plankton community structure (Sipaúba-Tavares et al.,2011) by promoting both the autotrophic and 69 
heterotrophic organisms in the ponds. Organic fertilization is also known to promote the growth of smaller-sized 70 
zooplankton, especially the rotifers (Okojin and Obi, 1999), as well as other micro-zooplankton such as protozoans and 71 
copepod nauplii (Pinto-Coelho et al.,2005) which usually dominate eutrophic waters.  72 
 This comparative study aims to investigate the effects of organic and inorganic fertilizers on phytoplankton 73 
communities in two newly inundated ponds. The choice of fertilizers-organic and inorganic is motivated by their 74 
contrasting compositions and potential ecological implications. Organic fertilizers, derived from natural sources, 75 
typically contain complex organic compounds and micronutrients, while inorganic fertilizers are composed of synthetic 76 
compounds with readily available nutrients.  77 

The inundation of ponds provides a unique opportunity to observe the establishment and development of 78 
phytoplankton communities in relatively undisturbed environments. By comparing the responses of phytoplankton to 79 
different types of fertilizers, this study seeks to elucidate how nutrient availability influences community structure, 80 
species diversity and biomass production. Furthermore, understanding the ecological implications of fertilizer type on 81 
phytoplankton communities can inform sustainable management practices for freshwater ecosystems. Insights gained 82 
from this study may contribute to the development of strategies aimed at mitigating eutrophication and maintaining the 83 
ecological integrity of aquatic habitats. 84 
 85 
2.0 Materials and Methods  86 
2.1 Study Area   87 

The study was conducted from September 2023 to October 2023 at the hatchery research unit of the 88 
Department of Fisheries and Aquatic Environmental Management University of Uyo.  89 

 90 
2.2 Pond Preparation and Experimental Design   91 

A fFew days prior to the trial, ponds were prepared by, draininged, washinged, and checking water supply and 92 
draining systems checked,.Vvegetation was removed from the bottom and sides of the ponds. One week before the trial, 93 
the ponds were filled, and subsequently, water loss due to evaporation was compensated to maintain the same level 94 
throughout the study. The study lasted for only 31 days. The study and was conducted in a completely random design 95 
with two treatments and two replicates using organic and inorganic fertilizers (see Pplate 1). Two types of fertilizers 96 
viz: chicken manure and di-ammonium phosphate fertilizer) were used in this experiment. Fresh manure from layers 97 
kept in the cages wasere collected from poultry unit belonging to the Department of Animal Science University of Uyo. 98 
The nitrogen (N (2.55%) and phosphorus (P (0.95%) content in chicken manure wereas determined using proximate 99 
analysis at the Animal Science laboratory according to the Association of Official Analytical Chemists (AOAC, 2002). 100 
Four concrete tanks,each having withan area of approximately 7.62m2,each were used and then filled with water to aof 101 
depth of 2.5ft. Two treatments: 2.5kg of chicken manure, 2.5kg of di-ammonium phosphate fertilizer and a no fertilizer 102 
(control (no fertilizer) were randomly assigned to the tanks,.with eEach treatment was replicated once. 103 
 104 
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 105 
Plate 1: Experimental setup  106 
 107 
2.3 Phytoplankton Collection and Identification 108 

One week after fertilization, water samples were collected.  On-farm phytoplankton samples were taken at 15 109 
cm below the water surface. Phytoplankton specimens were collected by filtration of 25 L of water using a 20-110 
micrometer plankton net (Plate 2). The collected phytoplankton samples were collected and fixed in 4% formalin for 111 
further analysis in the laboratory. Samples were taken at approximately 8 a.m. at 2 or 3-day intervals. Phytoplankton 112 
wereas concentrated by filtration through sand and counted in a counting chamber under a microscope fitted with an 113 
ocular micrometer (APHA, 2005). Identification of phytoplankton species was conducteddone by observing through the 114 
microscope and for enumerationg under athe light microscope (objective x 40), and by using standard keys for plankton 115 
identification according to Needham and Needham (1975); as well as guides provided by Newell and Newell (1975); 116 
APHA (1985), and Egborge (1973). 117 
 118 

 119 
Plate 2: Plankton net  120 
 121 
2.4 Species Indices 122 

Species composition and abundance of phytoplankton were described using the method of Hoppenrathet al. 123 
(2009). The phytoplankton community structure was analyzed using the Shannon-Wiener Index (H’), species richness 124 
(d), and the Evenness index (J’) using Partversion 3.25 (Hammer et al., 2001). Correlation analysis and 125 
principalcomponent analysis (PCA) were used to determine the relationships between the phytoplankton and 126 
environmental factors using the XLSTAT BASIC+(Addinsoft, US).  127 
 128 
 129 
2.4.1. Phytoplankton species indices  130 

The phytoplankton community structure was assessedestimated using the Shannon diversity index (H')of 131 
biodiversity, the species equality index (E), and the Simpson dominance index (D). The diversity index was calculated 132 
with theusing Krebs’s equation (Krebs, 2014).   133 
 134 
2.4.2 The species Evenness (or Equitability)  135 
The calculation of the uniformity index is based on the equation of Krebs (2014):   136 
 137 
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 138 
Where:   139 
e - uniformity index;   140 
H' - diversity index;   141 
Hmax - ln S;   142 
S - number of types.   143 
 The ratio of the observed diversity (H) to the maximum diversity (Hmax) was taken as a measure of the evenness (E). 144 
According to Krebs (2014), it measures the distribution of individuals.  145 
 146 
2.4.3 Margalef’s species richness index 147 
  According to Pielou(1966), this is presented as:  148 

 149 
Where:  150 
  s = Total number of species in the sample  151 
 In = natural or Naperian logarithm, and  152 
N = total number of individuals in the sample  153 
 154 
2.4.4. Shannon – wiener diversity index (H)  155 
The index used to determine the level of species diversity in a community is the Shannon Wiener index (Krebs 2014):   156 
 157 

 158 
Where:   159 
H - index of species diversity 160 
Pi - probability function for each part as a whole (ni/N); ni - number of individuals of type-i;   161 
N - total number of individuals.   162 
 163 
2.4.5 Simpson index  164 

The dominance index is used to determine the extent to which a species dominates another group. The 165 
dominance index was obtained using the Simpson index (Krebs 2014):   166 
Where:   167 
 168 

 169 
D - Simpson dominance index;   170 
ni - number of individuals of type i;   171 
N - total number of individuals;   172 
S - number of types (species).  173 
2.5 Collection of Water Sample 174 

Three plastic bottles for water samples and dissolved oxygenDO,bottleseachmeasuring 50 cl,each were used to 175 
collect water samples. The bottles were immersed to about 60 cm below the water surface and filled to capacity. After 176 
removal from the water, each Then brought out of the water and properly closed. Each bottle was carefully sealed, 177 
flushed severally and confirmed thatensuring no air bubbles wereexistspresent. They were then transported to the 178 
fisheries laboratory in the Department of Fisheries and Aquatic Environmental Management for further analysis.  179 
 180 
2.6 Water quality 181 

Water temperature, dissolved oxygen (DO)DO, and pH were determined measuredat in-situ in the morning by 182 
8:00am using mercury – in – glass thermometer, portable pH meter model –(HI98107 Hanna instrument), and portable 183 
dissolved oxygenDO meter (model HI98303 Hanna instrument) (APHA, 1998;, APHA, 2005). Other water quality 184 



 

 

parameters (phosphate, nitrates, and potassium) were determined in the laboratory based onfollowingstandard 185 
laboratory proceduresaccording to (APHA,(2005),and APHA (1998).  186 
 187 
2.7 Statistical Analysis  188 
 Data on the physico-chemical parameters and phytoplankton composition were analyzed. Analysis of variance 189 
(ANOVA) was used to test for statistical differences between the means of the physical and chemical parameters inof 190 
the fish ponds. Descriptive statistics of data for water quality analyses and phytoplankton wasere done using Microsoft 191 
Excel. Principal Components Analysis (PCA) was used to determine the relationship between physico-chemical 192 
parameters and phytoplankton, utilizsing the PAST software.  193 
 194 
3.0 Results 195 
3.1 Mean Variations in Physicochemical parameters in the two Tanks 196 

The Dissolved oxygenDO in theis present study was 4.13±0.16bin for the inorganic tank and 4.71±0.18ainfor 197 
the organic tank. This parameter exhibited significantce difference at P<0.05 in the study. The highest mean DO value 198 
(4.71±0.18a) was observed in the inorganic fertilized tank, while the leaowest value (4.13±0.16b) was recorded in the 199 
organic fertilized tank (Table 1). 200 
 Temperature values for inorganic and organic treated tanks were (6.20±0.19a and) (5.96±0.23a) respectively.  201 
The highest mean temperature (6.20±0.19a) was observed in the organic treated tank while the least value (5.96±0.23a) 202 
was recorded in the inorganic treated pond. For the two treatments, there was no significant differencet observed in 203 
temperature (Table 1).   204 
 The pH values were 5.96±0.23a and 6.20±0.19a for inorganic and organic fertilized tanks respectively. The 205 
highest value (6.20±0.19a) was recorded in the organic fertilized tank, while the leaowest value (5.96±0.23a) was 206 
obtained in the inorganic treated tank. Statistically, significant different was not observed for this parameter at P<0.05 207 
between the two treatment tanks (Table 1). 208 

Potassium levels in this present study wereas 51.29±2.88a for the inorganic fertilized tank and 16.52±1.19b for 209 
the organic fertilized tank. The study revealed a significant difference across the two fertilizers used (Table 1). 210 

Phosphorus levels were found to be 27.97±1.08a for the inorganic tank and 12.30±0.43b for the organic tank. 211 
This parameter was highly significant at P<0.05 in the study (Table 1). 212 

Total nitrogen levels were found to be 33.39±0.66a for the inorganic tank and 11.85±0.58b for the organic tank. 213 
This parameter showed a marked significant difference (P<0.05) in the study (Table 1). 214 

 215 
Table 1: Mean (±SE) of Physico-chemical parameters in the two Fertilized Tanks 216 

Variables  INORGANIC  ORGANIC  
DO  4.71±0.18a 4.13±0.16b 
TEMPERATURE 26.00±0.14a 25.97±0.14a 
PH  5.96±0.23a 6.20±0.19a 
POTASSIUM [MG/L]  51.29±2.88a 16.52±1.19b 
PHOSPHORUS [MG/L]  27.97±1.08a 12.30±0.43b 

TOTAL NITROGEN [MG/L] 33.39±0.66a 11.85±0.58b 
 Means with different superscripts along the same row are significantly different (Duncan’s test) p<0.05  217 

3.2 Pearson Correlation Matrix for The Physio-Chemical Parameters  218 
Pearson’s correlation analysis was conducted to reveal the relationships between the environmental parameters 219 

in the two tanks. Based on the Pearson analysis, potassium and total nitrogen have a significantly positive correlation 220 
(0.90), potassium and phosphorus (0.90).A sSignificant positive correlation was observed for phosphorous and total 221 
nitrogen (0.85). DO has a relativelyweak correlation with pH (0.34), and with phosphorus (0.23). pH has a weak 222 
correlation with phosphorus (0.04). High negative correlations occur between pH and total nitrogen (-0.18), and 223 
between pH and potassium (-0.14) (Table 2). 224 

 225 
 226 
 227 
 228 
 229 
 230 
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Table 2: Pearson correlation matrix for the physico-chemical parameters  232 
Variables  DO          TEMP          PH          POTASSIUM PHOSPHORUS   TOTAL NITROGEN  233 
DO  1.00       

TEMPERATURE 0.09  1.00      

PH  0.34  0.10  1.00     

POTASSIUM  0.07  0.00  -0.14  1.00    

PHOSPHORUS  0.23  0.07  0.04  0.90  1.00   

TOTAL N 0.09  0.00  -0.18  0.90  0.85  1.00  
Values in bold are different from 0 with a significance level alpha=0.05  234 

3.3Phytoplankton Abundance   235 
The phytoplankton species recorded during the study are presented in Table 3.  A total of 1,114 individuals 236 

were recorded in both fertilized tanks.  The phytoplankton composition was dominated by Dactylococlopsis irregularis 237 
(79)>Phormidium tenue (53)>Ankistrodesmus falcatus (39) in the organic fertilized tank, while the dominant specie for 238 
the inorganic tank were   Dactylococlopsis irregularis (45)> Ankistrodesmus falcatus (36), >Dinobryon bararicum 239 
(31). The least dominant species found in this current study for organic fertilizer were Closterium macilentum 240 
(7)>Amoeba polypodia (7)>Volvox aureus (3)>Raphidiopsis curvata (2), while the trend for inorganic fertilizer were 241 
Aphanizomenonflos-aquae (7) >Spirulina subtilissima (4) >Nitzschia linearis (2). 242 

 243 
Table 3: Phytoplankton Abundance in the two Fertilized Tanks   244 

Phytoplankton Species 
 

ORGANIC 
(INDIVIDUALS) 

INORGANIC 
(INDIVIDIUALS) 

Dactylococlopsis irregularis 79 45 
Dinobryon cylindricum 27 22 
Dinobryon bararicum 19 31 
Phormidium tenue 53 18 
Euglena tripteris 15 17 
Euglena sanguine 23 24 
Closteriopsis longissima 20 12 
Synedra ulna 10 18 
Gonatozygon aculeatum 19 17 
Nitzschia paradoxa 19 12 
Aphanizomenon flos-aquae 26 7 
Ankistrodesmus falcatus 39 36 
Melosira granulata 27 26 
Synedra acus 17 19 
Closterium gracile 27 19 
Spirulina subtilissima 26 4 
Tabellaria floccusa 17 12 
Tabellaria fenestrata 23 21 
Phormidium valderiae 33 19 
Lyngbya limnetica 23 13 
Volvox aureus 3 8 
Amoeba polypodia 7 16 
Rivularia planctonica 11 29 
Raphidiopsis curvata 2 27 
Nitzschia linearis 8 2 
Onychonema filiforme 16 10 
Closterium macilentum 7 8 
Glocotrichiae chinulata 15 11 

 245 



 

 

3.4 Phytoplankton Diversity Indices  246 
The eExistence of phytoplankton in each treatment investigated wasere recorded and used for numerical 247 

analysis in all community parameters (Shannon-Wiener diversity, Evenness, Simpson, and Margalef indices). These 248 
parameters varied slightly, as shown in (Table 4). The highest in Shannon-Wiener diversity, Evenness, the Simpson, 249 
and Margalef indices were found in the inorganic tank with their respective values thus: (of 3.216, 0.8901, 0.956, and 250 
4.34)., while t The lowest in Shannon-Wiener diversity, Evenness, the Simpson and Margalef indices were found in the 251 
organic fertilized tank with their respective valuesthus (of3.141, 0.8256, 0.9481, and 4.2109).  252 
 253 
Table 4: Phytoplankton Diversity Indices in the two Fertilized Tanks 254 
Indices ORGANIC INORGANIC 
Taxa_S  28 28 
Individuals  611 503 
Dominance_D  0.05188 0.044 
Simpson_1-D  0.9481 0.956 
Shannon_H  3.141 3.216 
Evenness_e^H/S  0.8256 0.8901 
Brillouin  3.018 3.07 
Menhinick  1.133 1.248 
Margalef  4.2109 4.34 
Equitability_J  0.9425 0.9651 
 255 
3.5Canonical Correspondence Analysis of Environmental Variables with Phytoplankton    256 
 Six environmental factors affected phytoplankton presence with to different varyingdegrees. Temperature, pH, 257 
DO, potassium, pPhosphorus and total nitrogen had a significantgreat influence on phytoplankton, as indicated by their 258 
high correlation with the two significant canonical roots. The phytoplankton in the first quadrant of the biplot were 259 
strongly correlated withto pH, tTemperature, and DO, and negatively correlated withto total nitrogen and potassium. 260 
Only one species of phytoplankton was found in the second quadrant. Amoeba polypodia, Closterium macilentum, 261 
Volvox aureus, Raphidiopsis curvata, Synedra ulna were the dominant species distributed in the third quadrant (Fig.,1)  262 

 263 

Figure 1: Canonical correspondence analysis of environmental variables with phytoplankton 264 

3.6 Principal Component Analysis (PCA) Plot of The First Two Components of All Variables Measured During 265 
the Study Period 266 
 The study revealed a total of 1114 individuals of 28 species of phytoplankton, consisting of 611 individuals in 267 
the tank fertilized with organic fertilizer and 503 individuals infrom the inorganic-treated tank.and 6Six environmental 268 
factors (tTemperature, DO, pH, pPotassium, pPhosphorus, and tTotal nitrogen) were screened for PCA analysis based 269 
on the abundance of phytoplankton. PCA biplot showed that the eigenvalues of the two axes were 18.49% (Fig. 3.). The 270 
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PCA between thevariance explained by the first environmental factors axis and species axis was 10.19%, while that for 271 
the second axes was 8.30%, indicating a close relationship between phytoplankton and the environmental variables 272 
analyzed. The most important environmental variables were pPhosphorus and total nitrogen (mg/l), potassium, and 273 
dissolved oxygenDO.  274 

 275 
Figure 2: Principal component analysis (PCA) plot of the first two components of all variables measured. 276 

 277 

4.0 Discussion, Conclusion and Recommendations  278 
4.1 Discussion 279 

This present study revealed inter-tank differences in some of the physico-chemical parameters investigated. 280 
Potassium, phosphorus, nitrogen and dissolved oxygenDO were significantly different,bBut, temperature and, pH was 281 
not statistically n-significant, statistically. Dissolved oxygenDO is the most significant ecological factor of the fish pond 282 
ecosystem (Prabhat, 2019). Mahboob (1992) recorded the maximum average dissolved oxygenDO when there was 283 
abundance of phytoplanktonphytoplankton was abundant. SA similar trend was observed in these present investigations 284 
as the values obtained where within the permissible level of 4mgl-1 for aquaculture. The water remained close to the 285 
saturation values with regard to oxygen, showing the presence of healthy environment duringin the study period. 286 
(4.13±0.16b (4.71±0.18a). 287 
 A mean of 7.03±0.49 dissolved oxygenDO has been recorded in studies on physicochemical characteristics 288 
and phytoplankton diversity in fish ponds (El Nemaki et al., 2008).  A range of 7.69±00.15 to - 7.74±00.20 DO was 289 
reported by Prabhat (2019) for two fertilized fish pond.;Akunga et al. (2018) reported the values of 7.0±0.2, 6.7±0.2, 290 
and 6.0±0.3 for concrete, earthen, and liner pond,respectively, which are all higher than the values recorded in this 291 
present study. The reason for this dissimilarity in DO with the present study could be due to high mean temperature 292 
observed in this study,.This is becauseasdissolved oxygenDOof inwater declines with an increase in temperature of the 293 
water and vice versa. Yet oOther studies have shown a dissolved oxygenDO concentration of 2.53 mgl-1 for drainage 294 
water and 5.68 mgl-1 for irrigation water (Fafioye et al., 2005), which are conformable comparableto the values 295 
recorded in this present study. 296 

 Temperature is an important independent factor which thatcan affect phytoplankton (Saeiamet al, 2020). 297 
Temperature affects influencesfish growth by influencing affecting thephysico-chemical conditions of water. It also 298 
affects impactsthe speed of chemical changes in soil, water, and the contents of dissolved gases (Prabhat, 2019).  299 
Studies on the effects of urea along with a constant supply of quality of poultry manure on phytoplankton production in 300 
earthen fish ponds,revealeds that pond water temperature varied from 26.3oC to 33oC (Davies et al., 2009) which is in 301 
line with the values obtained in this present study. The tTemperatures values recorded in this present study are within 302 
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the optimal ranges for plankton growth (18.3-37.8°C) (Bagchi and Jha, 2011) and are recommended for fish culture 303 
(26.06-31.97°C) (Boyd, 1982) in tropical ponds. Inter-tanks differences infor water temperature in this current study 304 
were non-significant,as thewith values 26.00±0.14a for the inorganic fertilized tank and, 25.97±0.14awere observed for 305 
inorganic and organic fertilized tanks respectively. This result corroborates the submission findingsof Prabhat (2019) 306 
who also reported non –significance significantdifference in the temperature of the fertilized ponds investigated. The 307 
values of temperature values obtained in this present study is arein line with the range 24.2±0.4 - 24.1±0.4 - 26.0±0.4 308 
reported by Akunga et al. (2018) for concrete, pond, earthen, and liner pond, respectively.   309 
 Qiu et. al., (2018) stated that fertilizer application significantly affects the pH of a medium. However, no 310 
significant difference was found in this current study.  The pH values were 5.96±0.23a and 6.20±0.19a for inorganic and 311 
organic fertilized tanks, respectively. This result corroborates the findings of Prabhat (2019) who also reported that 312 
there was no significant difference in the pH values from their investigation. The authors reported pH values of both 313 
fertilized ponds in the range between of7.30 to 9.40 (Tl) and 7.60 to 9.10 (T2) in their respective ponds. Hassan (1989) 314 
observed that the production was more higherin experimental ponds whose withpH values ranged from 6.9 to 9.5, 315 
which is also in tandemconsistent with the values observed in this present study. 316 
 Phytoplankton require nutrients such as nitrate and, phosphate for growth. However, some phytoplankton can 317 
fix nitrogen and can grow in areas where nitrate concentrations are low (Kumar et al 2014). PThe potassium level in 318 
this present study was 51.29±2.88a for the inorganic fertilized tank and 16.52±1.19b for the organic fertilized tank. The 319 
tank with the inorganic fertilizer recorded a higher amount of potassium level as compared with to thetank fertilized 320 
with organic fertilizer. This could be attributed to the high potassium released by the inorganic fertilizer.  321 

 The mean phosphorus level in this present study was higher in the inorganic tank than in the organic tank, 322 
which was contrary to the submissions findingsof Hossain et al. (2006) who suggested that the capacity of phosphorus 323 
released from poultry manure might be more efficient than other organic fertilizers and inorganic fertilizers used in their 324 
study. The mean phosphorus levels (27.97±1.08a)in the inorganic tank and (12.30±0.43b) in the organic tankin this 325 
present study areis lower than 610-1010 µg l-1 reported from instudies on phytoplankton diversity and its relationship to 326 
physico-chemical parametersreported by Hossain et al. (2006).More soAdditionally, it is alsothese levels are lower than 327 
the mean total phosphorous levels (458.7±50.8) reported in liner ponds by Akunga et al. (2018). The variations could be 328 
attributed to the different water-holding facilities used in the previous findings studiesand also could be attributed 329 
influenced by theto effects of pH in the pond since pH had a positive correlation with phosphorus levels in the earthen 330 
pond. However, the mean phosphorus level in this current study is significantly higher than the values reported by 331 
George and Atakpa (2015),in their investigations who recorded the range of 0.14-0.67 and, 0.05-0.64 for phosphorus in 332 
Pond A and Pond C, respectively. 333 
 The mean total nitrogen concentrations (33.39±0.66a)in the inorganic treated tank and (11.85±0.58b)in the 334 
organic treated tank in this present study wasere higher in the inorganic treated tank than the organic. The tank treated 335 
with inorganic fertilizer recorded a relatively high amount of total nitrogen due to the low number of nitrifying bacteria 336 
and the absence of soil medium in atthe bottom of the tank as compared to the one treated with organic fertilizer. Total 337 
nitrogen concentration in this present study is far muchlower when compared to the range ofd 272.81 µɡl-1i in liner 338 
ponds to 2887.6 µɡl-1 in concrete ponds, with a mean of 728.2±68.1 µɡl-1as reportedby Akungaet al. (2018) andthe 200 339 
- 300 µgl-1 reported by (Saeed and Mohammed,(2012). This variation can be ascribed attributedto the low number of 340 
nitrifying bacteria present in their pond and the nature of the pond bottom in their study.   341 
 Based on the results from the Pearson correlation matrix of the physico-chemical parameters, the difference 342 
inof phytoplankton composition is obtained influencedfrom bya combination of physical conditions and water 343 
chemistry. The study revealed that some certainparameters say, potassium, phosphorous, and total nitrogen, have a 344 
significantly positive correlation with phytoplankton abundance.  345 
 Phytoplankton has playan important role in aquatic ecosystems due to their fast response to changes 346 
(Soeprobowati et al., 2021).  In this present study, a total of 1,114 individuals of phytoplankton were identified of 347 
which the trend of species dominated in composition were Dactylococlopsis irregularis (79)>Phormidium tenue 348 
(53)>Ankistrodesmus falcatus (39) in the organic fertilized tank while the dominant species for the inorganic tank were 349 
Dactylococlopsis irregularis (45)> Ankistrodesmus falcatus (36), >Dinobryon bararicum (31). The least dominant 350 
species found in this current study for organic fertilizer were Closterium macilentum (7)>Amoeba polypodia (7)>Volvox 351 
aureus (3)>Raphidiopsis curvata (2) while the trend for inorganic fertilizer were Aphanizomenonflos-aquae (7) 352 
>Spirulina subtilissima (4) >Nitzschia linearis. 353 
 The species diversity, expressed with the Shannon index,was on a higher level within the ranged from 3.141 -354 
3.216 in this current study. The higher values of Shannon’s index (H) in the inorganic fertilized tank of 3.216 indicated 355 
greater species diversity as compared to 3.141 in the organic fertilized tank. This slight difference may be due to the 356 
fact that the inorganic treated tank could not lose outretains fertility easily and due to the tankmore effectively, 357 
influenced by its physicochemical parameters. In additionAdditionally, the higher Shannon index in inorganic tank over 358 
the organic tank could be attributed to suitable more favorableatmospheric conditions of inthe inorganic tank. 359 

Comment [u7]: Not found in the reference list. 



 

 

Differences in phytoplankton diversity could mayalso be an indication indicatethat phytoplankton diversity is affected 360 
influencedby the tank type and physico-chemical parameters.  361 
 The combined rangeof Shannon index (H`) from 3.141 to– 3.216 of Shannon index for organic and inorganic 362 
treated tanks found in this present study is slightly higher than the reported range of 0.108 to -2.584 by Saeiam et al. 363 
(2020).  Evenness Index (JE) of 0.8256 to- 0.8901 showed indicates thatall the species were slightly-equallyrelatively 364 
evenly abundant in theacross the various treatments investigated. The combined range 0.8256 - 0.8901 of Evenness (J) 365 
for organic and inorganic treated tanks found in this present study is in agreementaligns with the reported rangeof 0.086 366 
- 0.530 by Saeiam et al. (2020). Similarly, tThe combined range of Simpson index (1-D) from 0.9481- 0.956 for 367 
Simpson in organic and inorganic treated tanks found in this present study agrees totallyalso falls within the reported 368 
range of 0.031 to- 0.900 by Saeiam et.al. (2020). 369 
 The Index of individual abundance was highest in the tank treated with organic fertilizer, with (611) 370 
individuals, followed by the inorganic fertilized tank with (503) individuals. The highesrt individual phytoplankton 371 
abundance observed in the organic fertilized tank in this present study might be due to the fact that the tank was not 372 
lessseverely impacted bypolluted pollution,and sotherebyfavored favoringthe speciesabundance of species. The 373 
Margalef Indixces (a measure of species rRichness or tTaxa rRichness ‘d’) was higherst (4.34) in tank treated with 374 
inorganic fertilizer, reflecting that thise fertilizer–treated tank was still rich inmaintained a high level of biodiversity.  375 

In the CCA bioplot of the study, it was noticed observedin the study that most of the dominant species were 376 
distributed in the first and fourth quadrants, which might be related to the heavypossibly indicating higher pollution 377 
levelsof in thefertilized treated tanks. There were manyVarious environmental factors were found to significantly 378 
impactaffecting the growth and distribution of phytoplankton. However, the main impactedspecific factors varied 379 
among theacross different CCA biplots. The main keyfactors impacting influencing thephytoplankton community in 380 
this current study were identified as, pH, DO, and total nitrogen, and potassium. ThusTherefore, it can beis inferred that 381 
the condition of water quality condition in the two treated tanks had great a significantimpact on phytoplankton 382 
community.  383 
 The projections of the entire sets of variables in PCA plots show illustratethe role of  pH, total nitrogen, and 384 
potassium  in structuring of the phytoplankton system.,with hHigh amounts concentrationsofthe phytoplankton species 385 
such asDinobryon bararicum, Euglena tripteris, Synedra ulna, Raphidiopsis curvata,and Spirulina subtilissimawere 386 
strongly correlated to withDOo, total nitrogen and, potassium, and phosphorus in the first quadrant.and Species 387 
likeAnkistrodesmus falcatus, Spirulina subtilissima, Dinobryon cylindricum, Euglena sanguine,and Nitzschia paradoxa 388 
had showeda strong affinity for temperature, and pH, as shown in Ffigure (2.) 389 
 390 
4.2Conclusion   391 

From Theresults obtained in ofthis study it can be concludedindicate that the abundance and composition of 392 
phytoplankton was wereaffected significantly influencedby the type of fertilizer tank treatment type and the physico-393 
chemical condition of the tanks. The tank treated with organic fertilizer exhibited A higher abundance and species 394 
composition of phytoplankton was found in tank treated with organic fertilizer as compared to the tankone treated with 395 
inorganic fertilizer. Furthermore,  The current study found that higher phytoplankton diversity observed in organic 396 
fertilizer-treated tankof phytoplankton mightmay reflect the betterwater quality and the environmental 397 
conditionscompared to the inorganic fertilizer-treated tankin the different tank’s treatment.  The results study also 398 
foundin this study revealed that the addition of fertilizers to the tank influenced some of thealtered several physico-399 
chemical properties of the water. It is assumed that Water bodies with a higher diversity of phytoplankton generally 400 
affect indicate betterwater quality, which could be observed through theas evidenced by fluctuation in its bothbiotic and 401 
abiotic variables.  The resultsof this present study indicatedsuggest that the addition of fertilizers increased to the fish 402 
tanks also increased the level of nitrogenous compounds, which is considered as a good sourceare beneficial for 403 
phytoplankton growth. Canonical Correspondence Analysis (CCA) and Principal Component Analysis (PCA) showed 404 
highlightedthat DO, pH, tTotal nitrogen, pPotassium, and pPhosphorus were importantlyas critical environmental 405 
factors influencing the distribution of phytoplankton communitiesy. The study also furtherrevealed that different 406 
phytoplankton species demanded differentexhibit preferences for specific environmental conditions. The CCA biplot 407 
results indicate underscoredthat the relationship between phytoplankton community structure and water quality are 408 
strongly affected by the treatment of theinfluenced fertilizer treatmentss used.   409 
 410 
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