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Abstract
Purpose The increase in demand for fish has necessitated the establishment of fish pond. The discharge of spent pond water 
pollutes the adjoining surroundings. The aim of this investigation was to determine the suitability of artificial pond waste-
water (APWW) as source of manure for crop cultivation.
Method Cowpea seeds were planted in polybags containing soil treated with varied amount of artificial pond wastewater. 
Thereafter, growth and various metabolic properties of cowpea seedlings were determined using standard procedures.
Results Artificial pond wastewater treatment of soil increased significantly (P < 0.05) the growth parameters, content of 
biomolecules and activities of alpha amylase, starch phosphorylase and peroxidase when compared to the control. Exposure 
of the seedlings to APWW did not alter most oxidative stress markers compared to the control. In addition, APWW in soil 
significantly (P < 0.05) increases the levels of vitamin C but had no alterations in the activities of succinate dehydrogenase 
(SDH), lactate dehydrogenase (LDH) and sulphite oxidase (SO) of the cowpea seedlings compared to those of the controls. 
The activities of aldehyde oxidase (AO) and xanthine oxidase (XO) significantly (P < 0.05) increased compared with the 
control.
Conclusion The major effects of APWW on plants were stimulation of growth parameters, increase in concentration of 
macromolecules as well as increase in activities of starch-metabolizing enzymes, and peroxidase activity with no adverse 
effect on antioxidant, respiratory and drug-metabolizing enzymes, thus, suggesting that artificial pond wastewater has posi-
tive effect on cowpea seedlings and can act as organic fertilizer for cowpea cultivation.
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Introduction

The increase in world population and climate change factors 
has created new concerns about the ability of the world to 
feed itself in a sustainable manner (Cassman et al. 2003; 
Godfray et al. 2010). This is because the use of land for other 
purposes has resulted in sharp degradation of agricultural 
natural resources particularly, the soil (Eme et al. 2014). In 
addition, the hot and humid tropical environment is charac-
terized by rapid weathering of soils resulting in large areas 
of ultisols and oxisols (Udoh and Iren 2016). The ultisols 
and oxisols regions have poor chemical properties and this 
adversely affects agriculture in these regions (Golabi et al. 

2004; Udoh and Iren 2016). The soils of these regions have 
low organic matter content due to heavy rainfall (3000 mm) 
and high temperature (28–33 °C) (UNDP 2006). The high 
temperature and heavy rainfall cause rapid organic matter 
decomposition, which also acidify the soil due to the release 
of hydrogen ions (Golabi et al. 2004).

The conventional soil improvement technologies 
employed by farmers are the use of inorganic fertilizers, 
crop rotation, bush fallowing and the use of agro-chemicals 
(Udoh and Iren 2016). However, factors such as soil degra-
dation due to intensive cultivation and reduction in fallow 
periods occasioned by population pressure and industriali-
zation alongside monocultural practice by most farmers in 
Nigeria have made crop rotation and bush fallowing almost 
impracticable and inadequate (Udoh et al. 2016). This cou-
pled with factors such as the portability, high nutrient con-
centration, nutrient stability and high crop yield of inorganic 
fertilizers led to overdependence on inorganic fertilizers as 
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both soil and crop improvement method (Udoh and Iren 
2016, Udoh et al. 2016). However, inorganic fertilizers can-
not correct excessive degradations of soils by a high rainfall 
regime. In addition, the high cost of inorganic fertilizers 
makes them unaffordable to poor farmers (Udoh and Iren 
2016). More so, the continuous use of chemical fertilizers 
has been reported to result in nutrient imbalance in the soil, 
hence the need for organic manures for crop production 
(Maheshbabu et al. 2008; Adeniyan et al. 2011). Besides, the 
first step in any farming practice in tropical environment is 
the use of organic manure. This is because organic matter is 
an essential part of soil physical properties, aggregation and 
moisture-holding capacity. This provides a platform for good 
productivity. Therefore, soil and crop improvement method 
that is able to preserve satisfactory physical and chemical 
conditions of the soil must be employed (Golabi et al. 2004; 
Argaw 2017).

A good number of researches have shown soils amended 
with animal and plant manures improved soil conditions 
and crop yields (Iren et al. 2011; John et al. 2013; Udoh 
et al. 2016; Khaliq et al. 2017). Ayeni and Adetunji (2010) 
reported that organic fertilizers positively impacted soil 
nutrient, soil structure, base saturation and bulk density. 
Moreover, organic manures are rich in organic matter and 
are a good substrate for the growth of soil microorganisms 
and they positively affect nutritional balance and the physi-
cal properties of soil (Maheshbabu et al. 2008). Soils treated 
with organic manures have been reported to significantly 
improve soil productivity and the yield of maize (John et al. 
2013). Iren et  al. (2015) reported that organic manures 
improved the sustained production of water leaf.

Water pollution from discharging wastewater of fish 
farms has become a concern worldwide (Ghate et al. 1993; 
Pulatsu et al. 2004; Fadaeifard et al. 2012; Omofunmi et al. 
2016). Although the constituents of fish pond wastewater 
depend on the proximate composition of the feed used and 
its stability, as well as fish-feeding methods employed, a 
typical wastewater from fish pond normally contains fish 
metabolic products, fish feces and unused nutrients residue 
(Fadaeifard et al. 2012). Proper management of fish feeding, 
wastewater treatment and proper wastewater disposal have 
been the focus of aquaculture industry as a way of reducing 
pollutions by fish pond wastewater (Fadaeifard et al. 2012). 
In some parts of Asia, domestic wastewater was tradition-
ally used as fertilizer in agriculture or as soil conditioner 
(Naddafi et al. 2005). The report of FAO (2014) has also 
shown that the residue that settles in fish ponds as silt are 
rich in nutrient and, therefore, wastewater from fish pond is 
a useful organic fertilizer for crop cultivation. In a like man-
ner, fish pond effluent had been applied in the cultivation of 
crops such as French beans (Meso et al. 2007), amaranthus 
(Ojobor and Tobih 2015), pineapple (Udoh et al. 2016) and 
garden egg (Udoh et al. 2016). Literature search indicates 

dearth of information in this regard. Therefore, the aim of 
this study was to establish the effect of artificial pond waste-
water on some aspects of growth and metabolism of cowpea 
seedlings.

Materials and methods

The artificial pond wastewater was collected from concrete 
pond in Obiaruku, Nigeria. The physical and chemical char-
acteristics of the wastewater are shown in Table 1. The soil 
sample used and its physicochemical properties were previ-
ously described (Achuba and Okoh 2014).

Experimental design

One thousand six hundred grams of soil was added to each 
bag and divided into nine groups; the groups were treated 
with 10 ml, 20 ml, 30 ml, 40 ml, 50 ml, 60 ml, 80 ml and 
100 ml, and 0.00 (v/w) of artificial pond wastewater. The 
required volume of tap water was added to the treatments 
to make each treated groups have equal amount of water 
(100 ml). Five seeds of the V. unguiculata were sown in each 
test bag to an approximate depth of 2 cm and kept under 

Table 1  Properties and composition of APWW used

TDS Total dissolved solid, TSS total suspended solid, COD chemical 
oxygen demand, BOD biological oxygen demand, DO dissolved oxy-
gen, ND not detected

Parameters Values

pH 6.98 ± 0.5
Conductivity (dS m−1) 126 ± 35.4
Turbidity(NTU) 136.7 ± 21.6
TDS  (mgL−1) 374.6 ± 16.3
TSS  (mgL−1) 266.3 ± 35.6
COD  (mgL−1) 346.5 ± 28.6
BOD  (mgL−1) 3.13 ± 0.6
DO  (mgL−1) 10.8 ± 1.4
Acidity  (mgL−1) 141.2 ± 11.6
Alkalinity  (mgL−1) 53.6 ± 5.7
Hardness  (mgL−1) 1.02 ± 0.01
Mg  (mgL−1) 1.33 ± 0.02
Ca  (mgL−1) 36.3 ± 1.6
Chloride  (mgL−1) 11.3 ± 1.20
Sulfate  (mgL−1) 2.06 ± 0.56
Phosphate  (mgL−1) 2.01 ± 0.02
Nitrate  (mgL−1) 3.02 ± 0.01
Copper  (mgL−1) 0.03 ± 0.001
Zinc  (mgL−1) 0.04 ± 0.002
Lead  (mgL−1) 0.01 ± 0.001
Cadmium ND
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partial shade. During the experiment, water (80 cm3) was 
added daily to keep the soil moist.

Determination of morphological parameters

The stem lengths of the seedlings were measured 12 days 
after planting. The stem length was measured from the soil 
level to the terminal bud. Leaf area of the seedlings was 
determined using a ruler and its value converted by multi-
plying with a correction factor. The uprooted seedlings were 
carefully rinsed with water and air dried. Fresh weight was 
determined from specimens of cowpea seedlings using the 
Setra BL-40s electronic balance.

Determination of biochemical parameters

The concentrations of total carbohydrate, reducing sugar, 
amino acid, total protein and chlorophyll were estimated as 
previously described (Achuba 2006).

Determination of total sugar content, glucose, 
amino acid and total protein

Leaf homogenate needed for total sugar, glucose, amino 
acid and protein determinations was prepared as previously 
described (Achuba 2006), and the sugar and protein were 
determined using the methods of Tietz (1982) and Lowry 
et al. (1951), respectively. While total free amino acid was 
determined by ninhydrin method after deproteination with 
5% trichloroacetic acid (TCA). Glucose was determined by 
the method of Trinder (1969).

Determination of photosynthetic pigments 
(chlorophyll and β‑carotene)

The leaf (1.0 g) was homogenized in 96% methanol with 
a mortar and pestle, and the resultant homogenate centri-
fuged at 2500 rpm for 10 min. The supernatant obtained 
was diluted and used for the determinations of chlorophylls 
and carotene. Chlorophyll was determined as stated by 
Lichtenthaler (1987) and carotenoid was determined by 
taking the absorbance of the supernatant at 662 nm, 646 nm 
and 470 nm, and the concentration determined by Duxbury 
and Yentsch (1956).

Determinations of starch‑metabolizing enzymes 
and peroxidase activities

Alpha-amylase activity was assayed using the method of 
Gupta et al. (2003) and the activity calculated using the for-
mula of Xiao et al. (2006). Starch phosphorylase activity 
was assayed using the method of Singh and Steinnes (1976). 

Peroxidase activity was assayed as reported in Rani et al. 
(2004).

Determinations of antioxidant parameters 
and drug‑metabolizing enzymes

Oxidative stress parameters were determined as stated in 
Rani et al. (2004). Vitamin C was determined as described in 
Achuba (2008). Succinate dehydrogenase and lactate dehy-
drogenase activities were carried out using the methods of 
Sajan et al. (1995) and Kaiglova et al. (2001), respectively. 
The methods of Macleod et al. (1961), Johns (1967) and 
Stirpe and Della Corte (1969) were adopted to determine 
sulphite oxidase, aldehyde oxidase and xanthine oxidase 
activities, respectively.

Statistical analysis of data

Analysis of variance (ANOVA) and post hoc Fisher’s test for 
multiple comparisons were performed on the data generated 
with statistical package for social science (SPSS), version 
21, and level of significance was set at P values < 0.05.

Results and discussion

The progressive increase in world population alongside the 
ever decreasing available agricultural lands and unpredict-
able negative impact of climate change poses a major threat 
to global food security (Cassman et al. 2003; Godfray et al. 
2010; Eme et al. 2014; Udoh et al. 2016). This has resulted 
in the search for measures that could curtail impending food 
shortages and world hunger both by governmental and inter-
governmental agencies (FAO 2014; Udoh and Iren 2016).

One among other several methods that have the potential 
of boosting the ability of the world to feed itself amidst the 
progressive increase in world population and the decreas-
ing available agricultural lands is increasing the yield and 
productive capacity of the available agricultural lands 
(Udoh and Iren 2016). Soil and crop improvement method 
that is able to preserve satisfactory physical and chemical 
conditions of the soil is essential for increased productivity 
to meet global food demand (Golabi et al. 2004; Hussain 
et al. 2017; Radin et al. 2018). Artificial pond wastewater 
is organic manure (Udoh and Iren 2016). Organic manures 
are rich in organic matter and microorganisms, which can 
enhance the biochemical characteristics of soils, as well 
as their fertility (Kajimura et al. 2004; Fadaeifard et al. 
2012; Benabderrahim et al. 2017). Several researchers have 
reported improved soil conditions and crop yields by treat-
ment with organic manures (Mhamdi et al. 2010; Bray et al. 
2000).
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Domestic wastewater was traditionally used as a fertilizer 
in agriculture or as soil conditioner, and pond effluent has 
been used to improve the growth rate and quality of crops 
(Wood et al. 2001; Naddafi et al. 2005; Ojobor and Tobih 
2015). This present study investigated the effects of artificial 
pond wastewater (APWW)-treated soil on the growth and 
biochemical indices of cowpea seedlings. Artificial pond 
wastewater-treated soil stimulated growth parameters (leaf 
length, leaf area and fresh weight) and macromolecules of 
the cowpea seedlings relative to the control, most especially 
at higher volume of the wastewater-treated soil (Figs. 1 and 
2).

This is corroborated by the findings of some research-
ers who reported improved growth and yield as well as 
increased protein and chlorophyll contents of plants grown 
in soils amended with organic manures (Abo-Shady et al. 
2017). Udoh and Iren (2016)reported that soils treated with 
fish pond wastewater increased soil organic matter, nitrogen, 
phosphorus, calcium and bulk density than organic manure 
(pig manure, poultry manure) and inorganic fertilizer (NPK). 
The improved levels of these biomolecules in the experi-
mental seedlings may be predicated on the high content of 
organic matter, phosphorus, nitrogen and calcium. Phospho-
rus is important for chlorophyll formation (Nelson and Cox 
2005), which is needed for the formation of carbohydrates 
via photosynthesis, and the byproducts of carbohydrates 
used to produce proteins and amino acids (Nelson and Cox 
2005; Achuba 2006).

Alpha amylase and starch phosphorylase are two enzymes 
that are important in starch degradation. Starch metabo-
lism which involves degradation and synthesis is impor-
tant for seed germination and plant growth (Nelson and 
Cox 2005; Achuba 2006).Treatment of soil with APWW 
resulted in increase in the activities of alpha amylase, 

starch phosphorylase and peroxidase in cowpea seedlings. 
The increase in the activities of alpha amylase and starch 
phosphorylase was significant (P < 0.05) for all the APWW-
treated groups compared with the control. However, the 
increase in the activity of peroxidase was only significant 
for cowpea seedlings grown in soil treated with 80 ml of 
APWW (Fig. 3).

This could mean better growth of these seedlings as more 
energy will be available for growth through efficient starch 
mobilization during early seedling development. Also, 
the increase in peroxidase activity observed in this study 
upon the application of artificial pond wastewater is not far 
fetched as artificial pond wastewater is rich in nutrient and 
organic matter that stimulate plant growth (Kajimura et al. 
2004; Fadaeifard et al. 2012; FAO 2014; Udoh and Iren 
2016). This may be predicated on the fact that peroxidase is 
involved in cell wall biosynthesis, whose increase in activity 
leads to concomitant plant growth (Chanda and Singh 1997; 
Pandey et al. 2017).

Malondialdehyde (MDA) is an important byproduct of 
lipid peroxidation and, therefore, it is a very sensitive indi-
cator of lipid peroxidation (Bhattacharjee 2014). Increased 
levels of MDA and thus increased peroxidation of membrane 
lipids cause cellular damage (Nwaogu and Onyeze 2014). 
Superoxide dismutase (SOD), catalase (CAT) and vitamin 
C are important enzymes and non-enzyme antioxidant that 
scavenge the noxious superoxide ion (Mazid et al. 2011; 
Zhang 2013). This underscored the importance of these 
parameters. There was no significant (P < 0.05) increase 
in total SOD activity and MDA levels in cowpea seedlings 
grown in soil treated with APWW compared with the con-
trol. However, Cu/ZnSOD, MnSOD and catalase activi-
ties significantly (P < 0.05) increased in cowpea seedlings 
grown in soil treated with APWW compared to the control. 

Fig. 1  The morphological char-
acteristics of cowpea seedlings 
grown in soils treated with arti-
ficial pond wastewater and the 
control. Results are expressed 
as mean of four determinations. 
a: not different significantly 
(P < 0.05) relative to control; b: 
different significantly (P < 0.05) 
relative to control
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Fig. 2  The content of macro-
molecules of cowpea seedlings 
grown in soils treated with arti-
ficial pond wastewater and the 
control. Results are expressed 
as mean of four determinations. 
a: not different significantly 
(P < 0.05) relative to control; b: 
different significantly (P < 0.05) 
relative to control
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Moreover, the levels of vitamin C significantly increased in 
cowpea seedlings grown on APWW-treated soil compared 
to the control (Fig. 4).

This may imply a better ability of these plants to han-
dle oxidative stress as both catalase and vitamin C in addi-
tion to the SODs act to protect plant cell from oxidative 
damage (Gaetani et al. 1996; Nelson and Cox 2005). This 
suggests that the treatment of soils with APWW did not 
stimulate oxidative stress in cowpea seedlings. Biofertilizer-
stimulated increase in yield and SOD activity in plants has 
been reported (AlAbdallah et al. 2017; El-Batanony 2017; 
Moustafad et al. 2017). The increase in these SODs may 
be APWW-induced activity to protect the seedlings from 
endogenous superoxide ion (Achuba 2014).

The results indicated no significant increase in the activi-
ties of succinate dehydrogenase (SDH), lactate dehydroge-
nase (LDH) and sulphite oxidase (SO) of cowpea seedlings 
grown in APWW-treated soil compared to that of the con-
trols. Conversely, the activities of aldehyde oxidase (AO) 
significantly increased at all levels of APWW compared to 
the control while significant increase in the activities of xan-
thine oxidase (XO) was only recorded at 60 ml, 80 ml and 
100 ml of APWW compared with the control (Fig. 5).

The similarity in the activities of succinate dehydroge-
nase and lactate dehydrogenase activity in APWW-exposed 
plant and the control indicates that APWW has no adverse 
effect on energy metabolism. This is because succinate 
dehydrogenase activity is a measure of aerobic respiration 
while lactate dehydrogenase activity measures anaerobic 
respiration (Achuba 2014). In the same vein, the activities 
of xenobiotic metabolizing enzymes were not affected by 
the APWW. These enzymes have been reported to be part 
of the detoxifying process in plant exposed to polluted envi-
ronment (Achuba and Okunbor 2015, Asagba et al. 2017).

Conclusion

The major effects of APWW on plants were stimulation of 
growth parameters, increase in concentration of macromol-
ecules as well as increase in activities of starch-metabolizing 
enzymes, peroxidase activity with no adverse effect on anti-
oxidant, respiratory and drug-metabolizing enzymes. The 
positive alterations of these biochemical parameters indi-
cated that APWW was not injurious to exposed seedlings. 
These observations suggested that artificial pond wastewater 

Fig. 4  The antioxidant status 
of cowpea seedlings grown in 
soils treated with artificial pond 
wastewater and the control. 
Results are expressed as mean 
of four determinations. a: Not 
different significantly (P < 0.05) 
relative to control; b: different 
significantly (P < 0.05) relative 
to control
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has a positive effect on cowpea seedlings and can act as 
organic fertilizer for cowpea cultivation.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.
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