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Carbon, nitrogen and phosphorus (CNP) ratio is a significant index of high yielding 

aquaculture. The study was performed to determine the nutrients profile of different 

aquaculture ponds and to evaluate the necessary nutrients amendment required for high fish 

growth in fish farming ponds of different nutrients status and culture practices. Ten ponds – 

four sewage–fed–fish farming ponds, two carp farming ponds, two large water bodies of 

carp poly culture and two pangas (Pangasius pangasius Ham.) monoculture ponds were 

considered in this study. Nutrients and water qualities, primary productivity, heterotrophic 

bacterial population and fish growth of all ponds were examined during four months culture 

period.  The higher daily fish growth rate (1.71 – 1.75 g d–1) was found in the pangas 

cultured ponds due to favorable CNP ratios (49.6:6.5:1 and 56:6:1) developed by congenial 

nutrient profile compared to remaining fish cultured ponds suffered by eutrophic and 

oligotrophic status because of imbalanced nutrients regulated unfavourable CNP ratio. 

Therefore, the amendment of such imbalanced nutrients status is necessary to maintain the 

balanced CNP ratio by manipulating nutrients concentrations using the methods of 

fertilization as well as removal of nutrients from the aquaculture environment to recover the 

aquaculture system from oligotrophic and eutrophic problems, respectively for beneficial 

and sustainable fish culture. 

 

 

1. Introduction 
 

The productivity of ecosystem depends greatly upon nutrients 

availability in supporting medium. This biological 

productivity in aquaculture pond is often limited by nutrients 

deficiency. Application of fertilizer has assumed importance 

to supplement nutrient deficiency and augment productivity 

through amplification of autotrophic and heterotrophic 

components. The carbon (C), nitrogen (N) and phosphorus 

(P) of water act as limiting factors in biological productivity 

of the aquaculture ecosystem. Phosphorous and organic 

carbon play pivotal role in the productivity process of aquatic 

environment and significantly controlling its physico–

chemical properties (Bhakta et al. 2013). The CNP ratio in 

certain range is supportive for the growth and propagation of 

phyto– and zoo– planktons which are the key components of 

aquaculture productivity.  

Phyto–planktons are the primary producers in aquatic 

ecosystem (Bhakta and Jana 2002). With the adoption of 

proper management measures through fertilizer input 

(Bhatnagar and Singh 2010), the nutrients status of 

aquaculture pond environment (soil and water) can be 

maintained to increase the primary productivity (Boyd 

1982b). Bacteria are the most abundant and important 

biological components involved in the transformation and 

mineralization of organic matter into bioavailability forms 

through heterotrophic pathway (Cho and Azam 1988; 

Pomeroy et al. 1991; Williams 1981), which maintain the 

nutrients level and regulate the productivity of the aqua–

farming ponds (Bhakta et al. 2009). 

Any deviation in the molecular ratio of C, N and P of 

phytoplankton mass from Redfield ratio (C:N:P = 106:16:1) 

signified elemental limitation and sub–optimal 

phytoplankton growth (Tett et al. 1985). A N:P ratio > 17 

indicated P limitation, N:P ratio < 10 indicated N limitation 

and the ratio between 10 – 17 indicated either of the nutrients 

may be limiting (Hellström 1996). N–fixing cyanobacteria 

tended to dominate in lakes when a mass N:P ratio < 22 

(Havens et al. 2003). In freshwater, growth of cladocerans 

demanded more P (Anderson and Hessen 2005). Sediment 
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that acted as sink for P played an important role in CNP 

balance in pond but on increasing eutrophication, the P 

capturing ability of sediment was decreased Hobbs et al. 

2005). Application of fertilizer or manure in aquaculture pond 

could increase natural food and fish yield (Bhatnagar and 

Singh 2010). Growth and reproduction of bacteria decreased 

with increasing C and N ratio and C and P ratio in substrate 

(Goldman et al. 1987). 

Rhee (1978) reported that optimal NP ratio in water for 

the culture of Scenedesmus sp was 30:1 by moles and at 

higher and lower NP ratio, the algae culture was limited. The 

optimal molar ratio for the cyanobacterium Anacystis 

nidulans P. Richt. was also 30:1 (Sirenko 1972). The critical 

N:P ratios for the productivity of green algae Scenedesmus 

quadricauda and Stigeoclonium tenue (Ag.) Kutz. were 

estimated to be 22:1 and 17:1, respectively (Vries and 

Klapwijk 1987). The best N:P ratios for green algae was 

reported to be > 29 :1 (Smith 1983) whereas, the blue–green 

algae was dominated mostly at ratios of 5–10 : 1 (Schindler 

1977). High N:P weight ratio in nutrient medium  (20 – 50 :1) 

favored the growth of chlorophyta while cyanophyta grew 

better at low ratio (2–5:1) (Levich and Bulgakov 1993). 

From the above understanding it is obvious that aqua–

farming ponds may undergo lower biological productivity due 

to deficiency in essential nutrients, carbon, nitrogen and 

phosphorus content in pond environment – oligotrophic 

problem in one hand, and may have the problem of high 

nutrients enrichment – eutrophication problem, especially in 

sewage–fed fish culture ponds on the other hand.  Generally, 

these are the major and critical problems of nutrients 

management which severely effects the fish growth and 

hampers the fish production in aquaculture environment. 

From the above points of view, the determination of nutrients 

profile of an aquaculture pond becomes imperative for the 

management of proper/optimal nutrients level to sustain the 

higher fish production.  

Therefore, the present study has been attempted to 

determine the nutrients status of different aquaculture ponds 

in order to evaluate the necessary nutrients amendment 

required for high and sustainable fish culture.  

 

2. Materials and methods 
 

2. 1. Study area and fish culture condition 
 

Ten fish ponds were selected on the basis of nutrient status 

and culture practices to draw a nutrient profile of the ponds 

and thereby to identify limiting factors responsible for fish 

production. Of these ten ponds, four ponds were highly 

eutrophic and located in the sewage–fed–fish farm in Kalyani 

(Latitude 23°N and Longitude 88.5°E), Nadia district, West 

Bengal, India; the another 4 ponds (Carp farming ponds and 

Kulia fish farm) were located within 10 km distance of the 

sewage–fed–fish in the same district; 2 remaining ponds 

(monoculture of pangas) were situated in the district of North 

24–Parganas, adjacent to Nadia district (Fig. 1).  

The sewage fed fish ponds (~1 ha each; called as SFP–1, 

SFP–2, SFP–3 and SFP–4) were situated in a series along the 

effluent gradient from the source to outlet. However, there 

was no sewage flow along the gradient during the period of 

study. The sewage fed ponds were stocked with advance fry 

(3 – 6 g) of catla (Catla catla L.), bata (Labeo bata Ham.), 

rohu (Labeo rohita Ham.) and common carp (Cyprinus 

carpio L.) at 20000 fry ha
–1

 and reared upto fingerling size 

for four months. No fertilizer and supplementary feed were 

used during the culture period. Among the remaining six 

ponds, two ponds (~1.2 ha each) were used for carp farming 

(called as CFP–1 and CFP–2) and stocked with advanced fry 

(3 – 6 g) of Indian major carps (catla, bata, rohu and 

common carp) at 22,000 fry ha
–1

 with different fish species 

ratios in each pond. Mixed fertilizer of cow dung and poultry 

dropping was applied at 23000 kg ha
–1

yr
–1

. Supplementary 

feeds of rice bran and mustard oil cake were provided at 7% 

of the total fish weight per day during the four months 

culture period. Another two ponds (~1.6 ha each) were used 

for monoculture of pangas (Pangasius pangasius Ham.) 

called as PFP–1 and PFP–2. Fishes were stocked at 14,000 

fry ha
–1

. Supplementary feeds (rice bran and wheat bran, 1:1) 

were provided at 8% of the fish body weight per day and the 

applied dose of fertilizer (a mixture of cow dung and poultry 

dropping) was 20000 kg ha
–1

yr
–1

. Other two large water 

bodies (~7.082 ha each) located in Kulia fish farm (called as 

KL–1 and KL–2) were also selected for the study. The ponds 

were used for traditional composite stocking of four species 

of carps (catla, bata, rohu and common carp) at 12,000 fry 

ha
–1

. No fertilizer and supplementary feeds were used during 

fish culture. The experiments were carried out for four 

months (January – April) production period in these ponds. 

 

 
Fig. 1 Figure depicting the location of Nadia and North 24–

Parganas districts in the State of West Bengal, India (a) and 

location of the present study sites (b) 

 

2.2. Examination procedure 

 

Three water samples of each pond were collected at fifteen 

days interval at 12.00 am and examined for nutrients 

(ammonium–N, nitrite–N, nitrate–N, orthophosphate, 

dissolved organic C) and water qualities parameters 

(temperature, pH, alkalinity, dissolved oxygen and chemical 

oxygen demand) following the standard methods (APHA 

1998). Primary productivity of the phytoplankton was 

determined using the light and dark bottle method described 

by Vollenweider (1974).  

The conventional spread plate technique was used under 

aerobic conditions to enumerate viable counts of different 

2 
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nutrient cycling groups of bacteria, such as heterotrophic 

bacteria (HB), cellulose decomposing bacteria (CDB), 

denitrifying bacteria (DNB) and phosphate solubilizing 

bacteria (PSB) following the methods described by Rodina 

(1972) and Austin (1990).  Each dilution of the sample was 

plated in triplicate, incubated at 35 C for two days and 

arithmetical mean counts of the three replicates were 

considered for evaluation in the present study.  

After specified culture period, the fish growth was 

recorded in each pond. 

 

2.3. Statistical analysis 

 

The mean data of three samples of each culture system were 

used for statistical analysis. The means were compared 

following the one way analysis of variance (ANOVA) 

(Gomez and Gomez 1984) and least significance difference 

(LSD). The statistical packages (EASE and M–STAT) were 

used in the computer to perform the various statistical 

analyses. The level of acceptable statistical significance was 

specified at P < 0.05. 

 

3. Results and discussion 
 

Irrespective of fish species, different types of pond showed a 

significant difference (ANOVA, P<0.05) in fish growth. The 

average weights of fish ranged from 142 to 210 g in all ponds 

followed by various culture practices. Daily fish growths 

were maximum in PFP–1 (1.75 g d
–1

) and PFP–2 (1.71 g d
–1

) 

and minimum in KL–1 (1.18 g d
–1

) and KL–2 (1.21 g d
–1

) 

(Fig. 2).  

 

Fig. 2 Relationship between primary productivity and daily 

fish growth in ten surveyed fish ponds managed under 

different culture practices 

 

The concentrations of three species of nitrogen and 

orthophosphate showed a significant (ANOVA, P<0.05) 

different in the ponds of different culture practices. The mean 

concentrations of ammonium–N, nitrite–N, nitrate–N and 

Orthophosphate ranged from 0.478 to 1.917 mg l
–1

, 0.351 to 

1.041 mg l
–1

, 0.038 to 0.104 mg l
–1 

(Fig. 3a,b,c) and 0.208 to 

0.412 mg l
–1

 (Fig. 4a) in ten ponds, respectively. The 

concentrations of ammonium–N, nitrite–N, nitrate–N and 

orthophosphate were in the order as follows: SFP–1 > SFP–2 

> SFP–3 > SFP–4 > PFP–1 > PFP–2 > KL–1 > KL–2 > CFP–

1 > CFP–2 (ANOVA, P < 0.05). Frequency distribution of 

ammonium–N revealed that higher concentration classes 

(1.215 – 1.917 mg l
–1

) occurred (42%) exclusively in all 

sewage fed ponds (SFP–1 to SFP–4) followed by next higher 

class range (0.815 to 1.214 mg l
–1

) in PFP–1 and PFP–2 

(23%) and the lowest concentrations (0.478 – 0.814 mg l
–1

) 

in CFP–1, CFP–2, KL–1 and Kl–2 (35%). Frequency 

distribution of nitrite–N also showed the higher 

concentrations (0.751 – 1.041 mg l
–1

) in four sewage pond 

(36%) and lower range (0.351 – 0.750 mg l
–1

) in the 

remaining ponds (64%). The responses of frequency 

distribution of nitrate–N were similar to that of ammonia–N. 

Higher concentrations (0.068 – 0.104 mg l
–1

) were found in 

four sewage fed ponds (41.5%), whereas lower class range 

(0.038 – 0.067 mg l
–1

) occurred in the remaining ponds 

(58.5%). Frequency distribution of orthophosphate 

concentrations were skewed towards occurrence (40%) of 

higher class range (0.299 – 0.412 mg l
–1

) exclusively in four 

sewage fed ponds, whereas, lower class range (0.208 – 0.298 

mg l
–1

) was dominant (60%) in the remaining ponds.  

Organic C in water varied (7 to 17.5%) by a factor of 2.5 

in different fish culture ponds (Fig. 4b). Concentration 

differences of organic C were significant among the ponds, 

showing the following order of variations: PFP–1 > PFP–2 > 

SFP–2 > CFP–2 > CFP–1 > SFP–1 > SFP–3 > SFP–4 > KL–

2 > KL–1. Frequency distribution of organic C in water 

showed three categories of ponds: higher class range (14.5 – 

17.5%) was found in PFP–1, PFP–2 CFP–1 and CFP–2, 

middle class range (8.54 – 14.5%) was dominant (63%) in 

SFP–2, SFP–3, SFP–4, CFP–1, CFP–2, PFP–1 and PFP–2, 

and lower class range (7 – 8.5%) was exclusively in KL–1 

and KL–2 (20%).  

The gross primary productivity (GPP) was highly 

variable (108 – 196 mg C m
–3

h
–1

) in all ponds. The gross 

primary productivity in SFP–1 (183 mg C m
–3

h
–1

) was 0.5, 

2.8, 3.2, 13.6, 15.8, 6.5, 8.1, 31 and 30.7% higher than that 

of SFP–2, SFP–3, SFP–4, CFP–1, CFP–2, PFP–1, PFP–1, 

KL–1 and KL–2, respectively. The net primary productivity 

(NPP) evidenced the similar trend of variations as that of 

GPP in different ponds. The maximum and minimum values 

of NPP 127 mg C m
–3

h
–1 

and 27 mg C m
–3

h
–1 

were found in 

SFP–1 and KL–2, respectively (Fig. 2).  

Above results clearly demonstrated that daily fish growth 

was maximum in two pangas farming ponds (PFP–1 and 2), 

though primary productivity (Fig. 2), and concentrations of 

water quality and nutrient parameters were higher in the four 

sewage–fed fish ponds (SFP–1 to 4) than that of remaining 

six ponds. No strong positive correlation was also found 

between the daily fish growth and primary productivity (r = 

0.557). It obviously inferred that despite high and low levels 

of nutrients concentration, a specific and optimum state of 

nutrient concentrations in fish culture ponds are of 

paramount important for optimal pond productivity and 

sustainable fish growth, which is pronounced by PFP–1 and 

2 ponds in the present study.  

The CNP ratios varied remarkably in different fish ponds. 

The values were 33.1:7.5:1, 36.5:7.2:1, 35.1:7:1, 33.:6.8:1, 

44.7:.4.3:1, 47:4.3:1, 49.6:6.5:1, 56:2.6:1 and 31:5.5:1 and 

33.1:7.5:1  in SFP–1, SFP–2, SFP–3, SFP–4, CFP–1, CFP–2 

, PFP–1, PFP–2, KL–1 and KL–2, respectively (Fig. 5).  

Using as an indicator of fish growth, it can be implied 

that the  states  of  all  nutrient    parameters,    ammonium–N  

3 
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(0.815 – 1.214 mg l–1), nitrite–N (0.551 – 0.699 mg l–1), nitrate–N 

(0.060 – 0.063 mg l–1), orthophosphate (0.199 – 0.299 mg l–1) and 

organic C (13.5 – 14.5%) occurred in two pangas farming ponds 

were congenial for high fish growth with respect to the 

balanced CNP ratio (49.6:6.5:1 and 56:6:1). This CNP ratio 

of ambient water might be balanced and important useful 

criteria for the assessment of nutrient status required for 

optimum productivity of ponds because it regulates the 

balanced qualitative and quantitative development of aquatic 

food staffs (especially zooplankton and phytoplankton) which 

are highly suitable for better fish growth than that of other 

CNP ratio occurred in remaining culture systems. Satomi 

(1967) observed that the composition of CNP ratio in 

phytoplankton is approximately 50:7:1 by weight, whereas 

Seymour (1980) indicated that 1:4 ratio of P:N was 

advantageous to phytoplankton production in pond. The 

present survey also revealed that ponds located in sewage fed 

farm were eutrophic as exhibited by higher concentrations of 

nutrients and imbalanced CNP ratios than that of the pangas 

farming ponds. In this context, nutrient amendment is 

important to obtain the proper and balanced CNP ratio by 

reducing phosphorus which also helps to develop the 

congenial aquatic environmental conditions required for 

increasing the qualitative and quantitative development of 

planktons in remaining ponds other than pangas farming 

ponds. High concentrations of both N and P reach in excess 

of eutrophication thresholds (Penick et al. 2012) and to 

mitigate eutrophication, it is not nitrogen but phosphorus that 

should be reduced, unless nitrogen concentrations are too 

high to induce direct toxic impacts on human beings or other 

organisms (Wang and Wang 2009). Therefore, it may be 

concluded that imbalance more that lacking of important 

limiting factors (C, N and P) would affect the health of fish 

culture environment to great extent that ultimately inhibit the 

productivity and fish growth which amendment is needed for 

beneficial, sustainable and eco–friendly fish culture. Various 

workers have observed that addition of these elements in the 

form of fertilizers or manures resulted in an increase in 

natural food and also fish production (Bhatnagar and Singh 

2010; Rabanal 1967; Saha and Chatterjee 1975; Dobie 1967). 

The observations made on the balanced sheet of nitrogen in 

some composite fish culture ponds (Sinha et al. 1980) and 

the tentative nutrient balance of carbon, nitrogen and 

phosphorus in intensive fish culture with supplementary 

feeding (Avnimelech and Lacher 1979) are of great 

importance, which need to be consulted for their rational use 

in fertilizing fish ponds and increasing pond productivity. 

Water qualities were highly variable in different ponds 

with various culture practices. Water temperature and pH 

ranged from 28 to 32C and 7.5 to 8.9 during the period of 

investigation (Table 1). Nearly 40% of the total surveyed 

ponds showed pH range between 7.9– 8.1 in PFPs and SFPs 

3 and 4 in the present study (Table 1). It appears that these 

ponds are quite suitable for profitable fish production. In a 

survey conducted by Datta (1999), it was found that some 

local ponds had pH within alkaline range (7.1 to 8.6) which 

was suitable for fish farming.  

The total alkalinity and dissolved oxygen of water varied 

from 18 to 50 mg l
–1 

and 6.2 to 12.75 mg l
–1 

in ten ponds, 

respectively (Table 1). In PFPs (i.e. 20% of surveyed ponds), 

the total alkalinity (41 to 50 mg L
–1

) was appropriate for fish 

growth according to fish culture protocol, whereas rest of the 

ten ponds showed the lower values of alkalinity which is 

necessary for amendment. 

The maximum mean value (12.21 mg l
–1

) of dissolved 

oxygen was found in SFP–1 followed by other three SFPs, 

PFPs, CFPs and KLs (Table 1). Frequency distribution of 

dissolved oxygen showed the high concentration classes (9.8  

Fig. 3 Mean 

concentrations of NH4-

N (a), NO2-N (b) and 

NO3-N (c) in water of 

ten fish culture ponds 

managed under different 

culture practices 

 

4 
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– 12.82 mg l

–1
) were dominant (42.6%) in the four sewage fed 

ponds, whereas, the low concentration classes (6.2 – 9.7 mg l
–

1
) were skewed towards occurrence (56.8%) exclusively in 

remaining ponds. Because the dissolved oxygen of water 

ranged from 6.2 to 13.2 mg l
–1 

in all the ponds, it appears that 

dissolved oxygen in these ponds did not act as limiting factor 

for existence of aquatic flora and fauna as water bodies with 

less than 5 mg l
–1

 of dissolved oxygen are often considered 

unsuitable (Jhingran 1995). 

The chemical oxygen demand varied between 44 and 345 

mg l
–1

 for all ponds surveyed (Table 1). The highest mean 

concentration (300 mg l
–1

) was found in SFP–1 followed by 

SFP–2, SFP–3, SFP–4, KL–1, KL–2, PFP–1, PFP–2, CFP–1 

and CFP–2. Frequency distribution of chemical oxygen 

demand exhibited the lower class range (44 – 164 mg l
–1

) 

exclusively occurred (32.85%) in PFPs and CFPs, whereas, 

the middle class ranges (165 – 264 mg l
–1

) were more 

abundant (51%) in SFP–2, SFP–3, SFP–4, KL–1, KL–2, 

whereas, the higher class range (265 – 345 mg l
–1

) was 

dominant (16%) in all SFPs. In general, chemical oxygen 

demand is used as indicator for assessment of the organic 

load in the system (Boyd 1982a). According to this 

proposition about 20% of the total ponds surveyed especially 

the SFPs appeared to be rich in organic load with highest 

concentration range of chemical oxygen demand (261 – 290 

mg l
–1

). On the other hand, it showed limited range in more 

than 30% ponds (CFP–1, CFP–2, KL–1 and KL–2) and 

moderate values (261– 290 mg l
–1

) in PFP (1 and 2). This 

indicated that chemical oxygen demand was the direct 

function of organic loading of the pond, which might have a 

pivotal role in nutrients dynamics of the pond ecosystem. 

The population counts of HB, CDB and PSB ranged from 

80 to 291 X 10
3
 cfu ml

–1
, 7 to 128 X 10

2
 cfu ml

–1
, 10.5 to 66 

X 10
2 

cfu ml
–1

, respectively in different ponds. The mean 

counts of all types of bacteria exhibited the following order of 

variation: SFP–1>SFP–2>SFP–3>SFP–4>PFP–2>PFP–

1>CFP–1>CFP–2>KL–2>KL–1 (ANOVA, P < 0.05). 

Frequency distribution of HB populations occurring in water 

showed that higher concentration classes (231 – 300 x 10
3
 cfu 

ml
–1

) were skewed (39%) towards four SFPs, whereas, lower 

class ranges  (80 – 230 x10
3
 cfu ml

–1
) were dominant  (61%) 

in the remaining six ponds. In CDB, the frequency 

distribution occurred more frequently (33%) in higher density 

classes (86 – 146 x 10
2
 cfu ml

–1
) in four SFPs, whereas, 

middle density class range (26 – 85 x 10
2
 cfu ml

–1
) was 

dominant (45.5%) in the PFP–1, PFP–2 CFP–1 and CFP–2; 

and lower density class (6 – 25 x 10
2
 cfu ml

–1
) exclusively 

observed (21%) in KL–1 and KL–2. Frequency distribution 

of PSB counts were also skewed towards dominance (40%) 

of higher class range (35 – 70 x 10
3
 cfu ml

–1
) exclusively in 

four SFPs, whereas, lower class range  (10 – 34 x 10
3
 cfu ml

–

1
) were dominant (60%) in the remaining ponds. To 

manipulate the optimum bacterial population and 

productivity in the aquaculture ponds, proper fertilizer dose 

is required (Bhakta et al. 2006). It can be suggested that total 

bacterial population occurred in PFPs may be appropriate to 

maintain proper CNP ratio regulating the nutrients dynamics 

required for optimum productivity. On the other hand, the 

imbalance/excess bacterial population occurring in SFPs may 

be negatively regulating the nutrients dynamics in releasing 

the nutrients resulting in imbalanced CNP ratio, which 

amendment is required by proper management. The ponding 

system not only reduces the nutrients and organic loads by 

50 – 90%, the bacterial loads are also reduced by 2–3 log 

units at 100 kg COD ha
–1

d
–1

 (Bhowmik et al. 1994). It has 

been suggested that bacterial growth efficiency decreases 

with increasing C:N and C:P ratio in the substrate (Goldman 

et al. 1987). The increase of the C:N ratio resulted in a shift 

of the bacterial community structure in term of reduction of 

taxa richness and diversity indices (Luigi et al. 2014). The 

transformation of nitrogen from organic to inorganic forms 

with C:N ratio of 40% C and 0.5% N decomposes slowly, 

whereas, materials with a narrow C:N ratio of 40% C and  

4% N decay quickly (Boyd 1982b; Boyd 1995; Datta 1999; 

Boyd 1982a). 

 

 
 

Fig. 5 Figure depicting the location of Nadia and North 24–

Parganas districts in the State of West Bengal, India (a) and 

location of the present study sites (b) 

Fig. 4 Mean 

concentration of PO4-P 

(a) and mean percentage 

of Organic C (b) in 

water of ten fish culture 

ponds managed under 

different culture 

practices 
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Table 1 Mean values (S.E.) of physicochemical parameters and bacterial population of water in fish culture ponds 

 
DO, dissolved oxygen; COD, chemical oxygen demand; HB, heterotrophic bacteria; CDB, cellulose decomposing bacteria; PSB, phosphate 

solubilizing bacteria 

 

4. Conclusions 
 

This study demonstrated that higher fish growth was 

influenced by congenial nutrient status and favorable CNP 

ratios (49.6:6.5:1 and 56:6:1), whereas unfavorable CNP 

ratios and nutrient status resulted in lower fish growth in fish 

culture systems. Moreover, on account of above discussion 

derived from the critical appraisal of results of present study, 

the following conclusions can be drawn: (i) a specific and 

optimum state of water and nutrient qualities of fish culture 

ponds are of paramount importance in determining their 

potentials for optimal pond productivity and higher/maximum 

fish growth, (ii) a balanced CNP ratio of ambient water is 

useful and critical criteria for the assessment of optimal 

nutrient status of ponds for higher fish growth because it 

regulates the qualitative and quantitative development of 

aquatic food staffs by manipulating the optimum microbial 

populations playing pivotal role in nutrients dynamics of the 

fish ponds, (iii) important nutrients (C, N and P) 

concentrations and imbalanced CNP ratio lead to develop the 

eutrophic and oligotrophic status of culture systems, which in 

turn adversely affect on the fish culture environment and fish 

growth and (iv) besides, imbalanced CNP ratio more that 

lacking of important limiting factors (C, N and P) may 

severely affects the health of fish culture environment that 

ultimately inhibits the productivity and fish growth which 

amendment is needed for beneficial and sustainable fish 

culture. Finally, it may be concluded that nutrient amendment 

is the first and foremost necessary step to obtain the proper 

and balanced CNP ratio by manipulating nutrients 

concentrations using the methods of fertilization as well as 

removal of nutrients from the aquaculture environment to 

recover the aquaculture systems from the problems of 

oligotrophic and eutrophic status, respectively. 
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