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Abstract
The excessive and indiscriminate uses of carbon (C) and nitro-
gen (N) through feed, fertilizers and manures in aquaculture 
ponds could play a vital role in the emission of greenhouse gases 
such as carbon dioxide (CO2), methane (CH4), and nitrous oxide 
(N2O). Therefore, it is important to know about the distributions 
of N and C in the aquaculture ponds so that management strate-
gies could be made for the minimum emissions and loss of these 
two nutrients in the fish ponds.  The present investigation was 
thus undertaken for studying C and N balances in seven Indian 
major carp’s polyculture ponds in Andhra Pradesh, India. The 
study revealed that overall, 8 % of carbon inputs from different 
sources was recovered in harvested fish, 61 % accumulated in 
the sediment and 0.5 % was discharged at harvested time during 
165 days of culture period. About 16 % of nitrogen inputs from 
different sources was retained in harvested fish, 70 % accumu-
lated in the sediment and 2 % was discharged at harvest time 
during 165 days of culture period. The results also showed that to 
produce 1 kg of fresh fish, 0.88±0.21 kg feed C and 0.08±0.01 kg 
feed N were fed, while to gain 1 kg C and 1 kg N in fish biomass, 
6.56±1.60 kg feed C and 2.47±0.84 kg feed N was fed. Thus, in 
the present study about 6.5 times more C and about 2.5 times 
more N were used in the feed as fish feeding during the culture 
period.
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Introduction
Aquaculture is shaping up into a global venture and it is consid-

ered as the fastest growing food producing sector in the world to 
feed the ever-growing population. Freshwater aquaculture is the 
principal component for catering the increasing demand for fish 
in India. With a total fish production of 9.33 million metric tons 
(mmt) in 2010, India has become the third largest fish producer 
in the world. Of the total, about 49.72% (4.64 mmt) is contrib-
uted by freshwater aquaculture and India is second to China in 
freshwater aquaculture production. Presently 600 aquatic species 
are raised in captivity in about 190 countries for production in 
farming systems of varying input intensities and technological 
sophistication. Under such circumstances, it is important to use 
all the inputs for the fish production judiciously with minimum 
generation of waste and residues in the environment. Otherwise, 
the unutilized nutrients could emit different greenhouse gases to 
the environment, which in turn, will act as the agents of global 
warming. 

Carbon (C) is important in aquaculture pond because it is a main 
source of all organic matter [1]. Organic matter contains about 
45 to 50% C [2]. In aquaculture, carbon is also a major concern 
to environment due to greenhouse gas emissions such as carbon 
dioxide (CO2), methane (CH4). The excessive accumulation of 
organic carbon (OC) in the sediment enhances anaerobic pro-
cess and results the release of toxic metabolic substances within 
the pond and oxygen depletion [3], causing stress to fish, leading 
to disease outbreaks or direct mortality and lowering yield per 
crop. The respiration of aquatic animals and microbial decom-
position of organic matter in aquaculture pond can cause carbon 
emissions to environment and release of greenhouse gases to the 
atmosphere [3]. Nitrogen (N) is also an important element in aq-
uaculture. Nitrogen (N) is applied in the fish feed as protein and 
also as inorganic fertilizers to produce phytoplankton. Uses of N 
as feed or fertilizer is also a concern to environment due to gas 
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emissions such as nitrous oxide (N2O). Thus, it is important to 
know that the distribution of N and C in the aquaculture ponds 
so that management strategies could be made for the minimum 
emissions and loss of these two nutrients in the fish ponds.  The 
present investigation was thus undertaken for studying C and N 
balances in carp aquaculture ponds in Andhra Pradesh, India.

Materials and Methods
The carbon and nitrogen balance study was conducted in seven 
intensive carp polyculture ponds in Krishna and West Godavari 
delta of Andhra Pradesh, India. The selected ponds in this area 
are shown in the Map. 

Experimental area, Krishna and West 
Godavari district,  Andhra Pradesh
(16.6100° N, 80.7214° E & 16.9174° N, 
81.3399° E)

These ponds were stocked with Labeo rohita (rohu), Catla cat-
la (catla) and Cirrhinus mrigala (mrigal). The culture period 
was around for 165 days. Among the management practices, 
cow dung, and inorganic fertilizers [urea, single super phos-
phate (SSP), and di-ammonium phosphate (DAP)] were used 
for plankton production and the de-oiled rice bran (DORB), 
groundnut oil cake (GNOC) were used as fish feed at a 1:1 ratio.

To determine initial and final nutrient levels in water, sample 
was collected prior to fish stocking and at the time of harvesting. 
The water samples was also digested with tri-acid and measured 
for total N and the water samples were refluxed with potassium 
di-chromate for OC. Six cores sediment samples (up to 15 cm 
depth) from each pond were collected at the beginning and at 
the time of harvest before draining. These sediment samples 
were then mixed into composite one for the analysis. After air 
drying, these sediment samples were pulverized to pass by 0.25-
mm screen and then analyzed for organic carbon (OC) and total 
N. For the measurements of N and OC from the cow dung, fish 
feed, and carcasses of harvested fish, they were freeze-dried and 
pulverized to pass by a 0.85-mm screen. Total N in these samples 
were measured with per-sulfate oxidation [4] and total OC was 
determined by the rapid titration method after oxidation using 
potassium permanganate and concentrated sulfuric acid [5].

The survival rate, mean fresh body weight (MWT), and total 
production of fish were determined.  The MWT was calculated 
by the total fresh weight at harvest time of ten randomly selected 
individuals of each species of rohu, catla and mrigal and divided 
by ten.  For each pond, the total weight of carps was calculated. 

The input, output, uptake and accumulation of total OC and total 
N during the culture period was calculated. The inputs of water, 
fertilizers, and feed and the outputs in drained water, sediment 
and harvested fish were calculated. The nutrients concentrations 
in water were multiplied with total water volume to know the 
input and output in the form of water. The nutrient content in 
sediment was calculated as follows: nutrient concentration in the 
sediment x total sediment mass. The total sediment mass was de-

termined from the mean bulk density of the sediment. Nutrient 
(N/OC) input in feed was calculated as follows: nutrient con-
centration in feed x total feed applied. Nutrient (N/OC) output 
through fish was calculated as follows: nutrient concentration in 
fish carcasses x total fish biomass. 

All the data are presented as the mean (average) with standard 
deviation (SD).

Results and Discussion
The stocking and harvesting characteristics of the aquaculture 
ponds are presented in Table 1. The pond size varied from 2.8 to 
9.6 ha. The stocking size of rohu was 260 ± 125 g while the same 
for catla was 492 ± 289 g. In two ponds, mrigal was stocked in 
addition to rohu and catla and the stocking size was 200 g. The 
overall stocking density was 6000 ± 1471/ha. The initial biomass 
in these ponds was 1414 ± 734 kg/ha, while the gross production 
was 6930 ± 1913 kg/ha in 165 days. The net production was 5511 
± 2042 kg/ha/165d. The harvested size of rohu, catla, and mrigal 
was 1222 ± 301; 2221 ±587 and 1250 ± 353 g, respectively. 

The management practices of the aquaculture ponds have shown 
in Table 2. The fish were fed mainly by de-oiled rice bran and 
ground nut oil cake. Overall, 15133 ± 5058 kg/ha de-oiled rice 
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Pond no. Pond 
area (ha)

Crop 
duration 

(d)

Stocking 
size (g)

Stocking 
density 

(ha)

Initial 
biomass 
(kg/ha)

Gross pro-
duction 
(kg/ha)

Net pro-
duction 
(kg/ha)

Harvested 
size (g)

1 5.6 165 R=400
C=800 4285 1857 5271 3414 R=1060

C=3000

2 6.0 165 R=350
C=800 5600 2200 6120 3890 R=900

C= 2700

3 4.0 165
R=200
C= 300
M=200

    5250 1100 6400 5300
R=1200
C= 1500
M=1000

4 4.0 165 R=70
C= 200 8000 625 8500 7875 R=1000

C= 2000

5 9.6 165
R=200
C= 300
M=200

5250 1100 9600 8500
R=1800
C= 2250
M=1500

6 6.4 165 R=200
C= 250 8125 620 4320 3700 R=1200

C= 1500

7 2.8 165 R=400
C= 800 5500 2400 8300 5900 R=1400

C= 2600

Overall 
(mean±SD)

5.48±
2.22

165
R=260±125
C=492±289

M=200

6000±
1471

1414± 734 6930±1913 5511±2042

R=1222±301
C=2221±

587
M=1250±353

Table 1. Stocking and harvesting characteristics of some aquaculture ponds in Andhra Pradesh (R= Labeo rohita, C= 
Catla catla, M= Cirrhinus mrigala)

Pond no. Feed (kg/ha/165d) (DORB=de-oiled 
rice bran; GNOC=groundnut oil cake)

Cow dung 
(kg/ha/165d)

Fertilizers (kg/
ha/165d)

Feed carbon 
(Kg/ha/165d)

Feed nitrogen 
(Kg/ha/165d)

1 14732 (DORB) 7290
Urea=285
DAP=134
SSP=482

4347 352

2 10866
(DORB) --

Urea=66
DAP=75
SSP=175

3199 282

3 14310(DORB)
1590(GNOC)  17500 Urea=25

DAP=25 4622 444

4 21262(DORB)
2362(GNOC)  17500 Urea=25

DAP=25 6868 660

5 22950(DORB)
2550(GNOC)  7290 Urea=25

DAP=25 7412 296

6 11097(DORB)
1109(GNOC) --

Urea=46
DAP=23
SSP=23

3553 336

7 10714(DORB) -- 3154 278

Overall 
(mean±SD)

DORB=15133±5058
GNOC=1902±672

14096±

5894

Urea=78
DAP=51
SSP=226

4735±1738 378±136

Table 2.  Management practices in the aquaculture ponds
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Sources Mean ± SD Percentage
Inputs
Initial input plus intake 29±6 0.3
Initial sediment 5650±1077 50.0
Stocked fish 191±99 1.7
Feed 4735±1738 42.0
Manure 689±242 6.0
Total inputs 11294±2474 100
Outputs
Discharge at harvest 52±9.6 0.5
Sedimentation 6960±1119 61.5
Harvested fish 935±258 8.0
Total outputs 7948±1355 70
Efficiencies
Feed (kg C fed/kg of fish 
produced) 0.88±0.21

Feed (kg C fed/kg C retained 
in fish biomass) 6.56±1.60

Table 3. Carbon balances (mean ±SD) kg/ha/165d and use 
efficiency (kg/kg fish produced) of aquaculture ponds of 
Andhra Pradesh

bran and 1902 ±672 kg/ha ground nut oil cake were applied in 
these fish ponds as feed. In three ponds, cattle dung was applied 
by 14096 ± 5894 kg/ha during the culture period. The inorganic 
fertilizers viz., urea, DAP and SSP were applied in these ponds at 
the initial stages @ 78, 51 and 226 kg/ha, respectively during the 
culture period.

The carbon balances and its use efficiency are presented in Table 
3. On an average, the total carbon input was 11294±2474 kg ha-

1165d-1, of which 42 % was feed carbon, cattle dung (manure) 
contributed for 6 %, initial pond sediment contributed about 50 
%, stocked fish contributed for 1.7 % and initial filling the pond 
plus intake of water provided only 0.3 %. Carbon inputs from 
rainfall and run-off were assumed to be negligible.

On an average, about 61.5 % of total carbon inputs accumulat-
ed in the pond sediments. Only 8.0 % of total carbon input was 
retained as organic carbon in fish biomass for 165 days period 
while higher amount of organic carbon (11.5 %) was accumu-
lated in the sediment. Only 0.5 % carbon input was lost through 
discharge water during dewatering of the pond at harvest time. 
Overall, total carbon outputs were 70 % of total inputs. The re-
maining portions of carbon were probably lost through CO2 
emission or drainage at harvest time. Carbon lost through evap-
oration was not considered.

The nitrogen balances and its use efficiency have shown in Table 
4. Overall, nitrogen in commercial feed, initial sediment, ferti-
lizers and manure were the major sources of total nitrogen in-
put; and nitrogen in accumulated sediment, harvested fish and 

discharge water at harvest time were the major sinks of total 
nitrogen outputs. On an average, the total nitrogen input was 
1233±145 kg ha-1 165 d-1, of which initial sediment contributed 
for 57 %, feed contributed about 30.6 %, fertilizers and manure 
(cow dung) accounted for 5 % and 3.5 %, respectively. Nitrogen 
in water used for initial filling the pond and stocked fish pro-
vided about 0.6 % and 3.3 %, respectively. Nitrogen inputs from 
rainfall and run-off were assumed to be negligible. 

Sources Mean ± SD Percentage
Inputs
Initial input plus intake 7.4±1.5 0.6
Initial sediment 705±115 57
Stocked fish 41±21 3.3
Feed 378±136 30.6
Manure 41±14 3.5
Fertilizers 61±58 5.0
Total inputs 1233±145 100
Outputs
Discharge at harvest 23±5.7 2
Sedimentation 865±124 70
Harvested fish 201±55 16
Total outputs 1090±168 88
Efficiencies
Feed (kg N fed/kg of fish pro-
duced) 0.08±0.01

Feed (kg N fed/kg N retained 
in fish biomass) 2.47±0.84

Table 4. Nitrogen balances (mean ±SD) kg/ha/165d and use 
efficiency (kg/kg fish produced) of aquaculture ponds of 
Andhra Pradesh

On an average, about 70 % of total nitrogen input accumulated 
in the pond sediments, 2 % of nitrogen input was flushed out 
with the discharge water at the harvest time and 16 % of nitrogen 
input was retained in fish biomass for 165 days period. Overall, 
total nitrogen output were 88% of total inputs. The remaining 
portions of nitrogen were probably lost through nitrogen vola-
tilization or leaching as nitrate during the culture. Nitrogen lost 
through evaporation was not estimated in the present study.

It has been reported that 30 % of total feed OC and 38 % of to-
tal feed N were retained, respectively as fish (salmon) biomass 
[6]. In the present study, OC and N retention in the Indian ma-
jor carps were much less (8 % OC and 16 % N) than salmon. A 
good amount of OC (0.5 %) and N (2.0 %) were lost through the 
harvested water in the present study. Nutrient losses in ponds 
at draining time reported to be 7-9 % of total N, and 2-3 % of 
chemical oxygen demand (COD) [7].

Both OC and N accumulation in the sediment increased during 
the culture period in the present study. The increased OC and 
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N in the sediment elevated the oxygen demand through aero-
bic and anaerobic decomposition resulting in oxygen depletion 
and aerobic top layer reduction in the sediment [8,9]. Moreover, 
anaerobic activities or condition in the sediment produced tox-
ic substances such as accumulated ammonia, nitrite, hydrogen 
sulfide, ferrous iron and manganese that are adversely affected to 
fish growth [9,10]. In semi-intensive fish ponds, 38-46 % OC of 
total food inputs was reported by different researchers [11,12,7]. 
About 81 % OC in the sediment was also reported [13] in in-
tegrated agriculture-aquaculture systems applying livestock ma-
nure or human excreta and crop residues with a high carbohy-
drate content. In the present study, pelleted feed was not applied, 
and the de-oiled rice bran and groundnut oil cake were used to 
feed the fish. These feeds contained about 28-32 % OC, thereby 
carbon accumulated in the sediment was also higher. In addi-
tion, cattle dung was used in three ponds, thus this could also be 
the reason of higher organic carbon accumulation in the sedi-
ment in the present study.

The feed carbon efficiency was 0.88±0.21 kg per kg of fish pro-
duced. Overall, 6.56 ± 1.60 kg carbon was fed for each kilogram 
of carbon retained in fish biomass, indicating that a high amount 
of carbon was wasted through feeding. This wasted carbon could 
be emitted into the atmosphere as CO2 and CH4 which in turn, 
to be the agent of global warming. Overall, the feed nitrogen ef-
ficiency was 0.08 kg per kilogram of fish produced. Moreover, 
to get 1 kg of nitrogen retained in fish biomass, about 2.47 kg ni-
trogen was to be fed in the culture period. Thus, about 2.5 times 
more nitrogen was used in the feed. Good quality pelleted feed 
should be used to reduce the loss of this element in the environ-
ment. Otherwise, the N could be emitted into the atmosphere as 
N2O, which in turn, will be an agent for global warming.

The reduction of waste production from the aquaculture prac-
tices can be achieved through nutritional strategies developed 
by proper nutrients formulation and also by efficient feeding 
systems based on energy requirements of the species [14]. The 
reduction in nutrient loads of aquaculture production can be 
achieved through proper water management strategies [15]. The 
better use of feed based on proper management can reduce waste 
production in aquaculture. Adaptation strategies as a mitigation 
measure of global warming can be suggested through the correct 
amount of feed use in aquaculture practices to avoid loss of nu-
trients as well as the quality of feed used for proper assimilation 
by the fish. Excessive organic carbon and nitrogen accumulated 
in the sediment required high oxygen demand causing oxygen 
depletion and formation of reduced substances which could also 
be toxic to the fish.

Conclusion
The present study indicated that 16 % N, and 8 % OC of the to-
tal inputs were converted into fish flesh of Indian major carps. 
Almost 70 % N and 61 % OC of the total inputs accumulated in 
the sediment of the ponds. The present study also showed that 
to produce 1 kg of fresh fish, 0.88±0.21 kg feed C and 0.08±0.01 

kg feed N were fed, while to gain 1 kg C and 1 kg N in fish bio-
mass, 6.56±1.60 kg feed C and 2.47±0.84 kg feed N was fed. Thus, 
about 6.5 times more C and about 2.5 times more N were used 
in the feed as fish feeding during the culture period. The drained 
water at harvested time also contained appreciable amounts of N 
and OC. The chance of environmental pollution by this nutrient 
enriched drained water will be reduced as these waters are used 
to irrigate horticultural crops, particularly in India. 
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