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Abstract

Nutrient budget was performed for the culture of Indian major carps; Catla catla (catla), Labeo rohita (rohu) and
Cirrhinus mrigala (mrigal) in twelve fishponds, each of 0.04 ha water area. The stocking densities of carps were
7,500; 10,000 and 12,500 no. /ha (four replications for each stocking density and the ratio of each species was
1:1:1) and the average weights of catla, rohu and mrigal fingerlings were 6.5 + 0.5, 5.0 + 0.4 and 3.5 + 0.4 g,
respectively. The culture period was six months. Cow dung@14,000 kg/ha/yr was applied fortnightly as manure.
Urea@200 kg/ha/yr and single super phosphate@300kg/ha/yr were applied fortnightly as fertilizers. The fish were
fed with an admixture of groundnut oil cake and rice polish in the ratio of 1:1@2% body weight of their biomass. The
budget showed that recovery (in terms of fish yield) of nitrogen (N) decreased from 43 to 24% and the same for
phosphorus (P) also decreased from 16 to 9% with increase in stocking density. The recovery of organic carbon
(OC) decreased from 28 to 16% with increase in stocking density from 7,500/ha to 12,500/ha. Effluent water (pond
water at the time of harvest) accounted for 1.8 to 3.0% N, 2.5 to 4.0% P and 2.5 to 5.0% OC of the total inputs while
bottom sediment accounted for 41 to 50% N, 70 to 75% P and 62 to 64% OC of the total inputs, respectively.

Nutrient accumulation increased in both the effluent water and bottom sediment with increase in stocking density.

Keywords: Nutrient budget; Indian major carps; Stocking density;
Nutrient accumulation; Sediment; Effluent water; Catla catla; Labeo
rohita; Cirrhinus mrigala

Introduction

Aquaculture activities involve a variety of inputs for fish
production including manures, fertilizers, feed and a
combination of all these things. With high fertilization rate, the
nutrients assimilated in fish biomass were estimated to be less
than 20% for nitrogen (N) and 10%for phosphorus (P) [1]. Most
of those lost nutrients are distributed in water, fish biomass and
sediments of the pond systems. It is generally believed that a
large proportion of nutrients received in ponds ends up in pond
muds and discharged effluents [2]. To reduce the nutrient losses
in discharged water, it is essential to estimate the nutrient
budgets to assess the fate of nutrients added to the pond culture
systems. Nutrient budgets could permit quantification of
potential pollution impact of a specific pond management
strategy. Chemical budgets have been formulated for
experimental ponds containing channel catfish [3], striped bass
[4], tilapia [5] and high densities of shrimp [6,7]. Nitrogen (N)
and Phosphorus(P) budgets were formulated for commercial
shrimp ponds in Thailand [8,9], extensive shrimp ponds in
Bangladesh [10], semi-intensive shrimp farms in Mexico [11],
intensive shrimp farms in Australia. The nutrient budget for
Indian major carp’s culture is scanty. The objective of the present
investigation is to assess the nutrients N, P, and organic carbon
(OC) uptake by the fish, Indian major carps at three different
stocking density levels.

Materials and Methods

For the study of nutrient budget, 12 ponds of 0.04 ha area each in
the farm of the institute located at the Khordha district of Odisha,
India with a mean water depth of 1.2 m were selected. At the time of
pond preparation, 10% of total organic fertilizer (cow dung) was
applied. Lime@200 kg/ha was applied at the time of pond preparation.

The fingerlings of Catla catla (catla), Labeo rohita (rohu) and
Cirrhinus mrigala (mrigal) were stocked in these ponds at a ratio of
1:1:1 at three stocking density levels of 7,500/ha, 10,000/ha and
12,500/ha, each with four replications. The average weights of catla,
rohu and mrigal fingerlings were 6.5 + 0.5, 5.0 £ 0.4 and 3.5 £ 0.4 g,
respectively at the initial stocking time. The cow dung@14,000
kg/ha/yr was applied to these ponds. The inorganic fertilizers, urea was
applied@200 kg/ha/yr and Single Super Phosphate (SSP) was
applied@300 kg/ha/yr. The organic fertilizer was applied to these
ponds in equal amounts at weekly intervals while inorganic fertilizers
were applied to these ponds in equal amounts at fortnight intervals.
The fish were fed with an admixture of Groundnut Oil Cake (GOC)
(43.75% protein content) and Rice Polish (RP) (16.25% protein
content) in the ratio of 1:1@2% body weight of their biomass. Feed was
applied to the ponds by keeping the feeds in a cotton bag with six to
eight holes tighten with a bamboo stick. Two bamboo sticks were used
for this purpose in a pond. Lime was applied to these ponds@200
kg/ha as and when required throughout the culture period. The
culture period was six months. At harvest time, the average weight of
catla, rohu and mrigal were 400 + 40, 300 + 20 and 200 + 30g,
respectively, in the ponds with a stocking density of 7,500/ha. The
production level in these ponds was 1,890 kg/ha/6émonths with a
survival rate of 84%. At harvest time, the average weight of catla, rohu
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and mrigal were 280 + 30, 170 + 30 and 140 + 40g, respectively,
in the ponds with a stocking density of 10,000/ha. The
production level in these ponds was 1,564 kg/ha/6months with a
survival rate of 80%. The average weight of catla, rohu and mrigal

were 140 + 50, 115 + 40 and 100 * 20g, respectively, in the ponds
at harvest time with a stocking density of 12,500/ha. The
production level in these ponds was 1,118 kg/ha/6months with a
survival rate of 76 %.

Parameters N levels at different stocking densities

7,500/ha 10,000/ha 12,500/ha
Inputs Kg/ha % Kg/ha % Kg/ha %
Inflow water 1.20 £ 0.05 0.94 1.20 + 0.05 0.92 1.20 £ 0.05 0.9
Cow dung 36.75+2.25 28.83 36.75+2.25 28.22 36.75+2.25 27.66
GOC 17.50 £ 1.50 13.73 19.32 + 1.60 14.83 20.93+1.70 15.75
RP 6.57 +0.23 5.15 7.18+0.32 5.51 7.77+£0.33 5.85
Urea 64.37 +3.37 50.5 64.37 £ 3.37 49.41 64.37 £ 3.37 48.46
Stocked fish 1.09+0.10 0.85 145+ 0.15 1.1 1.82+0.20 1.38
Total input 127.48 £ 2.68 100 130 £ 2.12 100 132.84 £ 3.26 100
Output
Effluent water 2.40+0.10 1.85 3.00£0.16 2.3 3.36 £0.17 2.53
Harvested fish 54.99 + 3.11 43.18 45.25+3.10 34.74 32.08+2.82 24.15
Sediment accumulation 52.50 +4.45 41.18 60.50 + 5.66 46.44 66.42 £ 6.12 50
Others 17.59 £2.21 13.79 21.52+£2.32 16.52 30.98 +3.02 23.32
Fcal=54.41, Ftab = 5.14 at 5% level, CD = 5.41

Table 1: Input, output and balance of nitrogen (N) in the polyculture of Indian major carps

The N, P and OC input, output, uptake and accumulation in the
culture system during the culture period were measured. The nutrient
budget of N, P, and OC were calculated based on inputs from water,
fertilizer and feed; and outputs were calculated based on harvested
fish, drained water and sediment. Nutrient input and output in the
form of water was calculated by multiplying the nutrient
concentration with total water volume. Nutrient input in the form of
water represents nutrient contained in water on the day of fish
stocking, as water sample was collected on the same day prior to fish
stocking. Nutrient output in the form of water represents nutrient
contained in water on the harvest day; column water sample was taken
to measure final nutrient concentration in water prior to pond
draining.

Soil samples were collected by taking six cores (up to 15 cm depth)
from each pond, and mixed in a composite sample for analysis; final
sample was taken on the harvest day prior to pond draining. Nutrient
concentration in the initial and final soil sample was measured to
calculate nutrient surplus in the soil over the study period; the
calculation was as follows:

Total nutrient content in sediment= nutrient concentration in the
sediment x total mass, total mass was calculated from mean bulk
density.

Soil sample taken before fish stocking and post harvest were
analyzed for total nitrogen [12] and total phosphorus content was
analyzed by persulphate digestion method and followed by ascorbic
method [13]. Total organic carbon of the soil was determined using

Walkley and Black [14] rapid titration method. Total nitrogen,
phosphorus and organic carbon concentration was also analyzed for
fish feed (ground nut oil cake, rice polish), organic fertilizer (cow
dung), carcasses of harvested fish following the methods used for
sediment.

Nutrient input in the form of feed was calculated as follows:

Nutrient (N/P/C) in feed= nutrient concentration in feed x total
amount of feed supplied. Nutrient output in the form of fish was
calculated as follows:

Nutrient (N/P/C) in fish = nutrient concentration in fish carcasses
x total fish biomass [15]. Mean fish weight was determined at initial
and final harvest.

Water quality of fish culture ponds measured biweekly at 10.00 h.
Total ammonia nitrogen in water was measured by phenate method
[13], nitrite nitrogen was analyzed by colorimetric method using the
Griess reaction [13], nitrate nitrogen was measured using brucine
sulphate method [13], Soluble Reactive Phosphate (SRP) was
determined by ascorbic acid method [13], and total phosphorus was
estimated by acid digestion [13]. Total alkalinity and Chlorophyll-a
concentration were determined by APHA [13].Total organic carbon
was determined by APHA [13]. Temperature, Dissolve Oxygen (DO),
and pH (at 20 cm below the water surface) were measured weekly in
situ.

Analysis of Variance (ANOVA) with Duncan Multiple Range Test
(DMRT) was applied to determine the significant differences among
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the nutrient uptake by the fish at different stocking density levels using
the SAS computer software. The significant level was tested at 5% level.

Results and Discussion

Nutrient budget revealed that fertilizer was the major input of N
and P. The N input in the form of inorganic fertilizer (urea) was
around 50% while P input through inorganic fertilizer (SSP) was 62%
of the total inputs. The OC input in the form of organic fertilizer (cow
dung) was 80% of total inputs. The N input in the form of
supplementary feed (GOC and RP) increased from 18.88 to 21.60%

with an increase in the stocking densities from 7,500/ha to 12,500/ha
(Table 1), while the P input in the form of feed increased from 7.25 to
8.48% with an increase in the stocking densities (Table 2). The OC in
the form of feed increased from 16.80 to 19.22% with an increase in
stocking densities (Table 3). It is predictable that external nutrient
incorporation in excess may cause a nutrient deposition at sediment.
The N accumulation in the sediment increased from 41.18 to 50.00%,
the P accumulation varied from 70.00 to 75.48%, and the OC
accumulation was in the range of 62.37 to 64.00% in the culture system.

Parameters P levels at different stocking densities

7,500/ha 10,000/ha 12,500/ha
Inputs Kg/ha % Kg/ha % Kg/ha %
Inflow water 0.35+0.02 0.65 0.35+0.02 0.65 0.35+0.02 0.64
Cow dung 15.75+1.16 29.36 15.75+1.16 29.12 15.75+1.16 28.9
GOC 1.62+0.10 3.02 1.79+0.11 3.3 1.94+0.12 3.55
RP 2.27£0.16 4.23 2.48+0.17 4.58 2.69+0.18 4.93
SSP 33.50+2.12 62.44 33.50+2.12 61.94 33.50+2.12 61.46
Stocked fish 0.16 + 0.01 0.3 0.22+0.01 0.41 0.28 + 0.02 0.52
Total input 53.65+2.76 100 54.09 + 2.77 100 54.51 +2.80 100
Output
Effluent water 1.20 £ 0.06 223 1.68 £ 0.07 3.1 1.92 £0.08 3.52
Harvested fish 8.50 + 0.20 15.84 6.99+0.18 12.93 4.96 +0.14 9.1
Sediment accumulation 40.50 + 3.12 75.48 38.40 + 3.36 71 38.16 + 3.20 70
Others 3.45+0.15 6.45 7.02+0.20 12.97 9.47 £ 0.23 17.38
Fcal= 81.68, Ftab = 5.14 at 5% level, CD = 0.672

Table 2: Input, output and balance of phosphorus (P) in the polyculture of Indian major carps

In addition, nutrient budgets showed that during the culture period
some of the N, P, and OC went unaccounted (i.e. others).
Unaccounted N increased from 13.79 to 23.32% of the total nutrient
retention, while unaccounted P increased from 6.45 to 17.38% with an
increase of stocking densities in the culture system. Unaccounted OC
was 6.75 to 16.82%. The N, P, and OC output in the discharged water
during harvest were 2.22, 2.95, and 2.93%, respectively. Nitrogen,
phosphorus and organic carbon retained (recovered) in the fish were
34.53, 10.88, and 22.20%, respectively of the total inputs. The budget
showed that recovery (in terms of fish yield) of N decreased from
43.18 to 24.15% and the same for P also decreased from 15.84 t0 9.10%
with increase in stocking density. The recovery of OC decreased from
28.30 to 15.95% with increase in stocking density from 7,500/ha to
12,500/ha.

At 10,000/ha stocking density, N was utilized by 34.74%, P was
utilized by 12.93%, and C was utilized by 22.88%, respectively, by the
fishes. At the same stocking density, N, P, C accumulated in the
sediment was 46.44, 71, and 63.77%, respectively.

In polyculture system, it is difficult to estimate the nutrient budget
separately for each individual species, as they have different feed
behavior and nutrient intake capability. For this, nutrient budget could
be done in the monoculture practices. However, in the present study,
the nutrient utilization by the three different fishes (Indian major
carps) was estimated jointly.

These data indicated significant (Fcal=54.41, Ftab = 5.14 at 5% level
for N, Fcal=81.68, Ftab = 5.14 at 5% level for P, and Fcal= 172.42, Ftab
= 5.14 at 5% level for OC) differences in nutrient uptakes by the fish
among different stocking densities. The Critical Difference (CD) for N
was calculated as 5.41 at 5% level, and the N uptake were 54.99, 45.25,
and 32.08 kg at three stocking densities of 7,500/ha, 10,000/ha, and
12,500/ha, respectively. Thus, the N uptake at three different stocking
densities differed significantly (P<0.05) from one another. The CD for
P was estimated at 0.672 at 5% level, and the P uptake at three stocking
densities of 7,500/ha, 10,000/ha, and 12,500/ha were 8.50, 6.99, and
4.96 kg, respectively. Therefore, the P uptake at three different
stocking densities differed significantly (P<0.05) from one another.
The calculated CD for OC was 14.02 at 5% level, and the OC uptake at
three stocking densities of 7,500/ha, 10,000/ha, and 12,500/ha were
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255.15, 209.94, and 148.83 kg, respectively. Thus, the OC uptake at
three different stocking densities differed significantly (P<0.05) from
one another.

In aquaculture, it is well accepted that the stocking density is critical
factor for many aquatic animal for their growth and survival [16,17].
Stocking density is related to the volume of water per fish. Increase in
stocking density results in increasing stress, which leads to higher
energy requirements, causing a reduction in growth rate and food
utilization [18]. It is directly related with the competition for food and
space [16,18] . Generally, fish needs to compete less for food and space
in lower stocking density than the higher stocking density. The present
study also demonstrates about the effect of stocking density on its
growth and survival, where the growth and survival were higher in
ponds with lower stocking density than the ponds with higher stocking
density. Thus, in higher stocking density, the nutrient utilization was
also significantly less compared to the lower stoking density.

Sediment plays an important role in the balance of an aquaculture
system; it can act as a buffer in water nutrient concentration [20]. The

sediment layer of few centimeter depths contains more nutrients than
the content of the water column [21]. The large amount of
unaccounted for nitrogen could be probably due to losses through
denitrification process in the sediment. Diab and Shilo [22] reported
that when ponds were refilled, anaerobic conditions developed beneath
the soil surface, and nitrate was converted to nitrogen gas by
denitrification. Sedimentation is generally considered a main
mechanism for P loss in ponds because sediments are known to have a
strong affinity for phosphorus [23]. Denitrification and ammonia
volatilization are two potential losses of N that are not often measured
directly in the culture systems. In the present study, these losses are
estimated indirectly as the difference between the N inputs and
outputs. The N loss was estimated at 13.79 to 23.32% through these
processes and the loss increased with increase in stocking density.
However, variable results have been reported in different studies. Most
of the studies estimated less than 15% of N as unaccounted [7,8]. In
some other studies, higher losses of N ranging from 27.4 to 66% have
also been reported [3,24].

Parameters OC levels at different stocking densities

7,500/ha 10,000/ha 12,500/ha
Inputs Kg/ha % Kg/ha % Kg/ha %
Inflow water 1025+ 1.15 1.14 10.25+1.15 1.12 10.25¢1.15 1.1
Cow dung 735.00 + 15.50 81.5 735.00 + 15.50 80.1 735.00 + 15.50 78.78
GOC 70.75+5.25 7.84 77.25+5.30 8.42 83.72+5.76 8.97
RP 80.75 + 5.50 8.96 88.32+5.70 9.62 95.68 + 6.00 10.25
Stocked fish 5.06 + 0.20 0.56 6.73+0.24 0.74 8.45+0.30 0.9
Total input 901.81 + 19.19 100 917.55+2.12 100 933.10 +21.23 100
Output
Effluent water 23.25+2.35 2.58 27.36 + 2.40 2.98 30.09 + 2.50 3.23
Harvested fish 255.15 + 10.50 28.3 209.94 + 11.80 22.88 148.83 £ 7.55 15.95
Sediment accumulation 562.50 + 18.50 62.37 580.50 + 20.12 63.27 597.18 + 23.10 64
Others 60.91 + 10.62 6.75 99.75 + 11.55 10.87 157.00 + 13.40 16.82
Fcal= 172.42, Ftab = 5.14 at 5% level, CD = 14.02

Table 3: Input, output and balance of organic carbon (OC) in the polyculture of Indian major carps

The water quality of these fish culture ponds are presented in Table
4 and were as follows: Water pH ranged from 7.3 to 8.0 throughout the
experimental period. Overall DO concentration varied from 4.8 to 5.5
mg/l. The NH4-N, NO,-N and NO;-N ranged from 0.015 to 0.12,
0.005 to 0.08 and 0.040 to 0.20 mg/l, respectively. The soluble
orthophosphate ranged from 0.003 to 0.02 mg/1 while total phosphate
ranged from 0.008 to 0.05 mg/l. Total dissolved organic carbon ranged
from 1.8 to 4.0 mg/l in the water. The total alkalinity concentrations
varied from 80 to 140 mg/l as CaCOs. Overall mean of Secchi disk
depths ranged from 12 to 24 cm. Chlorophyll-a concentration
increased with the progress of culture, and at the end of the culture
period, chlorophyll-a reached as high as 0.40 mg/l from 0.20 mg/l. The
water quality was optimum for carp culture, though the nitrogen in
different forms increased with increase in stocking density.

The effluent water after the fish harvest contained 2.40 to 3.36 kg/ha
of N, 1.20 to 1.92 kg/ha of P, and 23.25 to 30.09 kg/ha of OC,
respectively. The nutrient contents in the effluent increased with
increase in stocking density. The net loads of N and P in effluent were
16.43 kg/hm?/cycle and 2.16 kg/hm?/cycle, respectively, while the
COD load was —17.88 kg/hm?/cycle in Chinese mitten crab (Eriocheir
sinensis) farm ponds in the eastern part of Taihu Lake, China [25].

The nutrient loss through the effluent water and sediment could be
reduced by different management practices. For this, calculated
amount of fertilizers should be applied. Feed should be applied
through demand feeders or through bags so that wastages of feed
could be minimized. Very high quality feed should be applied so that
maximum feed could be utilized by the fishes. Water and sediment
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quality should be monitored properly. However, the effluent water
from the fish ponds could be used in different ways. Not all the N, P,
and OC are discharged directly into any water bodies. Some fish farm
directly discharge into rice fields or gardens for vegetables cultivation
[26], and some nutrients will be retained in the sludge of ponds or
taken up by other biota in the environment. The development of
Better Management Practices (BMPs) and the application there of
through a cluster approach (NACA) will lead to further betterment in
fertilizers and feed efficacies and water management regimes, such as
through the introduction of ‘water calenders” in the carp farming
sector leading to significant reductions in N, P and OC discharge levels
and thereby contribute to the sustainability of the sector and to
improved environmental integrity [27].

The fish pond effluents containing the amount of different nutrients
could enrich immediate water bodies. In the wake of climate change
and mitigating measure of carbon sequestration, studies on the
Amazon have demonstrated that nutrient discharge from rivers
through increased diazotrophy could enhance carbon sequestration
[28,29]. As such the Indian major carp farming system in the country
could also be helpful in sequester carbon in significant quantities in
the long run.

Conclusion

The present study showed that recovery (in terms of fish yield) of N,
P, and OC decreased significantly (P< 0.05) with increase in stocking
density. The sediment accumulated more than 40% N, 70% P, and 60%
OC, respectively irrespective of stocking density. High nutrient
content of the pond bottom sediment makes it suitable for using as
fertilizer but this could be done judiciously so that the crop soils could
not be polluted. The harvested water contained appreciable amount of
nutrients that was also increased with increasing stocking density.
These nutrients enriched pond waters should be used as liquid
fertilizer for horticultural crops. However, further research is essential
for the utilization of pond sediment as fertilizer and pond water as
irrigation water as well as liquid fertilizer. In addition, the appropriate
rationing and use of high quality feeds for maximizing growth while
minimizing waste losses would help to lessen the potential
environmental impacts of intensive carp culture practices. Thus,
proper stocking density with good quality pelleted feed, correct
amount of fertilizers and better management practices could help to
reduce the nutrients loss through the harvested water and bottom
sediment.

Parameters Stocking density@ 7,500/ha Stocking density@ 10, 000/ha Stocking density@ 12, 500/ha
pH 8.0a 7.6a,b 7.3b
Dissolved oxygen (mg/l) 5.5a 5.0a 5.0a
Ammonium nitrogen NH4-N (mg/l) 0.04a 0.08b 0.12¢
Nitrite nitrogen NO2-N (mg/l) 0.03a 0.04a 0.08b
Nitrate nitrogen NO3-N (mg/l) 0.10a 0.14a 0.20b
Orthophosphate PO4-P (mg/l) 0.02a 0.02a 0.02a
Total Phospahte (mg/l) 0.03a 0.03a 0.05a
Dissolved organic carbon DOC (mgl/l) 1.8a 2.8b 4.0c
Total alkalinity (mg/l as CaCO3) 140a 120a 100a
Turbidity (cm) 18a 16a,b 12b
Chlorophyll a (mg/l) 0.20a 0.30b 0.40c

Table 4: Average water quality parameters in the polyculture of Indian major carps. Values followed by the same superscript in a row are not

significantly different at the 0.05 levels
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