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Abstract

A detailed study on nursery raising of rohu, Labeo
rohita larvae in community village ponds in hapa
production system was attempted at six different
sites of Gujarat, India. Rohu larvae were stocked at
six densities; 100, 250, 500, 750, 1000, and 1500
larvae/m3 in hapas (3 x 2 x 1 m) installed in the
village ponds. Growth performance and survival
were evaluated over a rearing period of four weeks.
The growth performance and survival were signifi-
cantly highest in stocking density of 100 larvae/m3,
while the lowest survival was recorded in stocking
density of 1500 larvae/m3. The rohu larvae stocked
in hapa with density of 750 larvae/m3 reported the
highest yield, followed by 500 larvae/m3. Evaluation
of economic returns indicated that the rohu stocked
in hapa with 750 larvae/m3 obtained better benefit
cost ratio (1.4) and thus stocking density of 750
larvae/m3 can be considered as optimal for rearing
of rohu larvae under hapa production systems in
village ponds. This study will benefit the aquacul-
ture farmers for cost-effective raising of fish seed in
village ponds.
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Introduction

Aquaculture is a fast-growing industry that helps
support livelihoods in rural areas of economically
developing countries (Edwards, 2000, Troell et al.,
2023). Fish production has increased from 95.79 lakh
tonnes to 197.75 lakh tonnes during 2013-25 in India
(Press Information Bureau, 2026). Community ponds
and tanks are usually referred to as village ponds,
form a vital water resource for aquaculture in India.
These are mainly used by village dwellers for
domestic purpose and rain water harvest. Gujarat,
situated along the Western India has village ponds
(6860) covering an area of 0.22 lakh ha. These water
bodies hold significant potential and need to be
utilized sustainably (Ail et al., 2019; Chaudhari et
al., 2023). The inland fish production of the state
during 2021-22 was 1.86 lakh MT (Department of
Fisheries, 2023) and the fish production from ponds
and tanks was 5404 MT, which was 2.91% of the total
inland fish production from the state during 2021-
22 (Commissioner of Fisheries, 2024). As per the
State Government village-pond fisheries policy,
these community water bodies are leased by local
government bodies for a period of 10 years to the
interested fish farmers. (Ail et al., 2021; Chaudhari
et al., 2023). Farmers stock advanced fingerlings in
ponds mainly relying on primary productivity for



growth, since these ponds are large to manage
properly. Availability of quality fish seed for
stocking was found to be the major constraint
among the fish farmers of Gujarat (Ail et al., 2019).
Lack of nurseries has been a major hurdle for
producing fry in such regions and farmers depend
on external suppliers located at far off places.
Accordingly, in order to minimise the cost on
procuring high priced fry and mortality due to
prolonged distance transportation stress, scientific
raising of rohu larvae to fry in hapas were
attempted. Carp aquaculture has top priority in
Indian context and availability of seed for grow-out
needs paramount importance (Ayyappan & Jena,
2003; Biswas, Jena, Singh, Patmajhi, & Muduli,
2006). The study attempts to find the optimum
stocking density in hapa production system which
would act as one of the key practical knowledge
bases for the farming community to improve the fish
seed production practices and increase the economic
benefits. Hence, the study was undertaken to assess
the growth performance, survival pattern, and
economic return while rearing rohu larvae at
different stocking densities and under different
environmental conditions of village ponds using
multi-location trials.

Materials and Methods

The study was carried out in districts of Anand and
Kheda of the state of Gujarat, India at six locations,
during pre-monsoon season (March-June) based on
the fertility status of the ponds. Village ponds
having nearly similar nutrient status were selected
for setting up the experiment. Soil pH, organic
carbon (%), nitrogen, and phosphorus content of all
the ponds selected for the study, were tested for
similarity. Soil pH was measured using pH meter
(Eutech, Cyber Scan, Singapore). Organic carbon
(OC) content in soil was determined by oxidation
of OC by sulfuric acid potassium dichromate
mixture, and the excessive dichromate was back-
titrated against standard ferrous ammonium sulfate
solution using diphenylamine indicator (Prescott,
Taylor, & Marshall, 1934). Soil nitrogen content and
phosphorus content were estimated as per Munsiri,
Boyd, and Hajek (1995).  After the selection of sites,
the selected ponds were prepared during the pre-
monsoon season for initiating the experiment. The
dykes of ponds of these sites were cleaned properly,
followed by weeding, and repeated netting was
done for physical removal of cultured and weed
fishes, which was then followed by liming and

fertilization depending on the soil pH and nutrient
status as followed in the grow-out ponds for rearing
of Indian major carps (Jena & Das, 2006). The hapas
were installed as per experimental design.

Post preparation of ponds, during monsoon season
the larvae of L. rohita were procured from the local
fish hatchery of Gujarat state government in India
located at Lingda, District Anand, Gujarat and were
stocked at six different densities of 100, 250, 500,
750, 1000, and 1500 larvae/m3 in triplicates in each
hapa (3m length x 2m width x 1m height, 635 micron
mesh size) fixed at six selected sites at different
locations in village ponds (0.5-1.0 ha area) and were
indicated as T1, T2, T3, T4, T5, and T6, respectively.
The average initial length and weight of the larvae
were 6.2 ± 0.2 mm and 1.6 ± 0.2 mg, respectively.
The weight of the larvae was recorded using
electronic weighing balance (Sartorius, Germany) by
using a tared 100 mL beaker filled with water to
minimize handling stress. The length of the spawn
was measured by placing it on laminated, wet graph
paper (Bairwa, Swain, Prusty, Das, & Ail, 2021). The
experiment of nursery raising in hapa installed in
selected village ponds was undertaken for four
weeks. During the experiment, feed ingredient
mixture of groundnut oil cake (GNOC) and rice bran
at a ratio of 1:1 was fed four times the initial yield
for initial 5 days and eight times during subsequent
days as per Jena, Mukhopadhyay, Sarkar,
Aravindakshan, and Muduli (1996).

Water quality parameters such as water tempera-
ture, total hardness, total dissolved solids, alkalinity,
salinity, transparency, conductivity and pH were
recorded on weekly basis till completion of the
experiment based on standard procedures (APHA,
2005). Similarly, during the experiment, the soil
quality parameters such as soil pH by pH meter
(Eutech, CyberScan, Singapore) and organic carbon
content of soil as per Prescott et al. (1934), were also
recorded. Transparency was measured using a
Secchi disk.

During the experiment, periodical monitoring of
growth and survival parameters, including length
(cm), length gain (%), weight (g), weight gain (%),
survival rate (%), specific growth rate (SGR) was
recorded (sample size was uniformly 20 individuals)
on weekly basis till completion of experiment as per
the following formulae (Ferosekhan et al., 2020).

Length Gain (%) = %LG = [(L
f
 -L

i
) / L

i
] x 100
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Where, L
f
 is the final length of the fish, L

i
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initial length of fish, W
f
 is the final weight of the
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i
 is the initial weight of fish, N

f
 is the final
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1
 is the natural

logarithm of the initial weight, t is the time (days)
between lnW

2
 and lnW

1
. The total yield per unit

volume (g/m3) of rohu fry from each treatment of
the selected sites was also recorded at the end of
experiment.

Economic analysis was carried out using two best
stocking density based on yield and survival to get
the final conclusion. Gross benefit and net benefit
were computed based on the number of fry (fish
larvae) survived. Benefit cost ratio was computed by
dividing gross income by total expenses.

All the values are expressed as the mean ± standard
error of the mean (SEM). The data were subjected
to one way analysis of variance using SPSS software
package version (17.0) to determine significant
differences (p < 0.05) between stocking densities.
Second order regression was used to determine the
relationship between yield (g/m3) and stocking
density. Simple linear regression was used to draw
relationship between survival and stocking density.

Results and Discussion

The experiment was undertaken at six different sites
(Table 1). Analysis of the initial soil quality
parameters of selected ponds such as pH, organic
carbon content, nitrogen content and phosphorus
content at different sites showed no variation in the
mean values. The initial organic carbon content of

sediment of selected ponds was within 1.51% to
1.53%, and the initial nitrogen content of the
sediment of the selected ponds was between 51.78
to 52.19 mg/100g of pond soil. Similarly, the initial
phosphorus content of soil of selected ponds was
within a level of 6.08 to 6.72 mg phosphorus/100g
soil sample.

The soil and water quality parameters of selected
culture ponds from different sites were recorded at
weekly intervals (Table 2). The sediment organic
carbon content ranged from 1.42% to 1.98% at
different locations during the experiment, whereas,
the soil pH remained alkaline (7.9–8.2) throughout
the experiment. Air temperature during the experi-
ment at different locations ranged from 29.0 to
31.5 oC, whereas the water temperature was within
27.5–29.5  oC. The various water quality parameters,
including pH, TDS, conductivity, and total hardness,
were found to be within acceptable limits. Secchi
disk transparency measurements revealed desirable
range at all the locations, which varied within 24 to
34 cm (Table 1).

The final length of the fry stocked at lowest density
(4.08–5.25 cm; 100 larvae/m3) was highest among all
the treatments as 250 larvae/m3 (3.72–4.02 cm), 500
larvae/m3 (3.41–3.88 cm), 750 larvae/m3 (2.77–3.56
cm), 1000 larvae/m3 (2.32–3.11 cm), and 1500 larvae/
m3 (2.16–2.55 cm) mentioned in Table 3. However,
the group of fish stocked at the highest density (1500
larvae/m3) exhibited the lowest final length (2.16–
2.55 cm). The length gain (%) of L. rohita fry raised
in hapa production system during the experimental
period was also significantly (p < 0.5) highest in the
group of seed stocked at low density, i.e., 580.56–
775.00% at 100 larvae/m3 (Table 4).  However, the
length gain (%) decreased with increasing of
stocking density in hapa. The maximum average
final body weight (0.46–0.69 g) and (p < 0.05)
maximum weight gain 28947.92–43156.04% was
recorded in hapa stocked with 100 larvae/m3 (Table

Table 1. Initial soil quality parameters of different sites selected for the experiment

Parameters Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Soil pH 8.1 8.1 8.1 8.2 7.9 8.0

Initial Organic Carbon content (%) of soil 1.52 1.51 1.53 1.51 1.52 1.53

Initial Nitrogen content (mg N 100g of soil-1) 52.13 51.82 51.96 52.19 51.78 52.15

Initial Phosphorus content (mg P 100g of soil-1) 6.11 6.53 6.72 6.29 6.08 6.64
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5 and 6). Lowest average final body weight (0.14–
0.16g) and weight gain (8345.83–10033.33%) was
observed in hapa stocked at 1500 larvae/m3. Weight
gain (%) among different groups of fish fry reared
were significantly different from each other with an
increasing trend of weight gain with decrease in
stocking densities as 250 larvae/m3 (25637.50–
33965.42%), 500 larvae/m3 (22547.92–28891.46%),
750 larvae/m3 (17083.33–23055.83%), and 1000 lar-
vae/m3 (9894.79–13095.42%).

The average specific growth rate (SGR) of L. rohita
fry reared at lower densities were significantly (p <
0.05) higher than those reared at higher densities
(Table 7). Significantly (p < 0.05) high SGR (7.70–
8.01) was recorded in hapa stocked with 100 larvae/
m3 and the lowest SGR (5.67–6.26) was observed in
hapa stocked with 1500 larvae/m3. The average
survival rate of rohu fry stocked with 250, 500, 750,

and 1000 larvae/m3 densities were significantly
different from each other (Table 8) at all the sites
(50.43–55.71%, 47.49–50.37%, 42.84–46.83%, 33.84–
38.66%, respectively). Significantly (p < 0.05) high
survival (53.23–59.66%) was observed in T1 treat-
ment (100 larvae/m3) and significantly (p < 0.05)
lowest survival (29.17–35.83%) was recorded in T6
(1500 larvae/m3). The survival (%) of rohu fry reared
in T1 was almost double that of the survival (%) of
rohu fry reared in T6. Likewise, a negative linear
regression (r2= 0.9239) was observed with increased
stocking density on survival of the fry (Fig. 1).

The average yield (88.35–120.85 g/m3) of L. rohita fry
raised in the hapa production system was signifi-
cantly (p < 0.05) highest in the group of fish stocked
at a density of 750 larvae/m3 at all the sites except
the 3rd (116.51 g/m3) and 5th (110.98 g/m3) site,
wherein the fry of L. rohita reared at a stocking

Table 2. Water and soil quality parameters during the experimental period at different sites

Parameters Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Air Temperature (°C) 29.0-30.0 29.0-30.5 30.0-30.5 29.0-30.5 30.0-31.5 30.5-31.5

Water Temperature (°C) 27.5-29.0 28.0-29.0 29.0-29.5 28.0-29.5 29.0-29.5 29.0-30.0

pH 7.62-7.82 7.58-7.86 7.04-8.85 7.88-8.86 8.2-8.8 7.8-8.4

Total Hardness (mg L-1) 100-102 99-102 98-100 108-124 412-430 232-266

Total Dissolved Solids (g L-1) 0.15-0.16 0.15-0.16 0.33-0.35 0.20-0.21 0.85-0.89 0.62-0.63

Conductivity (S m-1) 0.23-0.26 0.24-0.25 0.51-0.54 0.29-0.36 1.24-1.37 0.96-0.97

Salinity (‰) 1.60-1.71 1.59-1.73 0.38-0.41 0.22-0.25 0.98-1.02 0.72-0.73

Transparency (cm) 24-26 24-25 28-34 25-29 26-34 25-34

pH (soil) 7.82-8.22 8.12-8.43 8.24-8.59 8.0-8.6 7.53-7.84 7.78-8.34

Organic Carbon % (soil) 1.46-1.57 1.52-1.64 1.48-1.67 1.51-1.-62 1.54-1.83 1.55-1.89

Table 3. Final Length (cm) of rohu, L. rohita fry at different stocking densities

Stocking Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Density

T1-100 5.25 ± 0.03f 5.03 ± 0.14f 4.44 ± 0.08fe 4.08 ± 0.02f 4.24 ± 0.03f 4.11 ± 0.04f

T2-250 3.97 ± 0.15ed 4.02 ± 0.09ed 3.94 ± 0.06ef 3.72 ± 0.04ed 3.89 ± 0.03e 3.79 ± 0.02e

T3-500 3.79 ± 0.13de 3.88 ± 0.09de 3.58 ± 0.05d 3.64 ± 0.03de 3.64 ± 0.02d 3.41 ± 0.03d

T4-750 3.35 ± 0.09c 3.56 ± 0.06c 2.77 ± 0.05c 3.40 ± 0.01c 3.15 ± 0.04c 3.29 ± 0.02c

T5-1000 2.85 ± 0.07b 3.11 ± 0.06b 2.32 ± 0.02b 2.62 ± 0.02b 2.64 ± 0.02b 2.66 ± 0.03b

T6-1500 2.48 ± 0.04a 2.16 ± 0.03a 2.25 ± 0.01a 2.53 ± 0.01a 2.55 ± 0.01a 2.23 ± 0.02a

The data are expressed as the mean ± SEM (standard error of the mean) (n = 3, replicate hapa).
Values in the same line with different superscripts are significantly different (p < 0.05).
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density of 500 larvae/m3 were non-significantly
(p > 0.05) highest from the treatment T4 at their
respective sites (Table 9). The study of relationship
between stocking density and yield revealed a
parabolic curve, wherein, the yield increased from
the density of 100 larvae/m3 (27.48–38.99 g/m3) up
to a density of 750 larvae/m3 after which the yield
decreases (Fig. 2).

Cost and benefit analysis was undertaken to draw
a conclusion about which stocking density was best
amongst T3 and T4 (Table 10). The net benefit of
producing L. rohita fry from larvae stocked at the
density of 750 numbers/m3 (T4) in hapa was highest.
Even, the benefit-cost ratio was higher in T4 (1.40)
than that in T3 (1.10).

The study was undertaken at multi-locations having
similar soil fertility levels in terms of its major
nutrient contents, such as organic carbon content,
nitrogen content, and phosphorus content.  Al-
though potassium is a major nutrient required for
crops, it is available in adequate quantities in ponds

required for aquaculture (Viriyatum & Boyd, 2011).
All the ponds at the selected sites were moderately
productive as they contained the medium range of
organic carbon content, nitrogen content, and phos-
phorus content in the soil (Central Inland Fisheries
Research Institute, 1985; Jena & Das, 2006). The
observed range of water temperature (27.5–  30.0 oC),
pH (7.04–8.86), water hardness (98–430 mg/L), TDS
(0.15–0.89 g/L), EC (0.23–1.37 mS), and salinity (0.22–
1.73 ‰) during the experiment in the selected ponds
at different sites were within the desirable range for
carp production in tropical countries (Swingle, 1967;
Boyd, 1990; Mohanty, 1995; Singh, 1996; Boyd &
Tucker, 1998; Jena, 1998). No marked difference in
the water qualities at different sites were discernible
in the present study, which can be attributable to the
similar level of soil characteristics in terms of their
fertility status of the selected sites and input
management for nursery raising of rohu larvae to fry
in hapa production systems.

The rate of growth slowed down as stocking
densities of rohu larvae was increased in hapas at

Fig. 1. Relationship between stocking density and sur-
vival of rohu fry during the experiment

Table 4. Length gain (%) of rohu, L. rohita fry at different stocking densities

Stocking Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Density

T1-100 775.00 ± 14.27f 738.33 ± 21.05f 639.44 ± 2.42f 580.56 ± 6.76f 606.67 ± 15.67f 585.56 ± 28.11f

T2-250 562.22 ± 15.13e 570.00 ± 22.00e 556.11 ± 0.55e 520.56 ± 6.83de 548.89 ± 18.21e 531.11 ± 24.59e

T3-500 531.11 ± 14.40d 546.67 ± 25.46d 496.67 ± 0.96d 506.11 ± 3.64de 506.11 ± 19.53d 468.33 ± 23.88d

T4-750 458.33 ± 9.77c 493.89 ± 31.88c 362.22 ± 3.09c  466.11 ± 1.47c 424.44 ± 23.18c 448.89 ± 19.72c

T5-1000 375.56 ± 9.42b 418.89 ± 31.09b 287.22 ± 2.00b 336.11 ± 2.78ab 340.00 ± 22.09b 342.78 ± 42.52b

T6-1500 313.89 ± 19.44a 259.44 ± 25.74a 274.44 ± 2.42a 322.22 ± 1.11ab 325.00 ± 17.17a 271.11 ± 34.91a

The data are expressed as the mean ± SEM (standard error of the mean) (n = 3, replicate hapa).
Values in the same line with different superscripts are significantly different (p < 0.05).

Fig. 2. Relationship between stocking density and yield
of fry during the experiment
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all of the selected sites. Significantly highest weight
gain (%), length gain (%), SGR and survival (%) was
noticed in the group of rohu seed stocked at lowest
density of 100 larvae/m3. Low stocking density
should have helped the rohu larvae have more space
for movement and feed efficiency has a good
correlation with space (Slembrouck, Baras, Subagja,
Hung, & Legendre, 2009; Rafaey et al., 2018). Less
stress was also reported at low stocking densities
(Liu et al., 2019; Zahedi, Akbarzadeh, Mehrzad,
Noori, & Harsij, 2019). Higher feed utilization and
low stress level might have resulted in higher
weight gains and higher survival (%) at lower
stocking densities (Chowdhury, Saha, Islam, & Das,
2002; Rahman, Islam, Halder, & Tanaka, 2006).

The present study showed significantly better yields
at higher stocking densities up to the treatment T4
after which it has decreased, but the growth rate of
rohu fry decreased significantly at all the selected
sites with increasing stocking densities. Highest
growth rate and lowest yield was found in T1, which

is obvious due to the lower numbers stocked. T4
revealed highest yield following T3, in spite of
having higher stocking densities. Similar observa-
tions of higher yields at higher stocking densities
and higher growth rates at lower stocking densities
were observed by previous researchers (Chowdhury
et al., 2002; Rahman et al., 2006; Chowdhury, Roy,
& Chowdhury, 2020). However, treatments with
1000 larvae/m3 and 1500 larvae/m3 had significantly
(p < 0.05) lower yield which could be due to low
survival rates. Fry size and survival are two
important criteria to evaluate the performance of
nursery rearing practice (Sahu, Jena, & Das, 2007).
Carp nursery rearing is mainly recommended for a
period of 15–20 days from larvae to fry with
stocking density of 3–5 million/ha in earthen ponds
and 10–20 million/ha in ferro-cement tanks
(Ayyappan & Jena, 2001). Survival of 45-59% was
achieved with a yield of 900-1200 fry/m2 when rohu
larvae was grown at high stocking density, 2000
larvae/m3 in concrete tanks with supplementary
daily feeding (Das, Jena, Patro, & Mahanta, 2016).

Table 5. Final body weight (g) of rohu, L. rohita fry at different stocking densities

Stocking Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Density

T1-100 0.49 ± 0.01f 0.46 ± 0.00f 0.69 ± 0.01fe 0.51 ± 0.01f 0.59 ± 0.01f 0.53 ± 0.01f

T2-250 0.40 ± 0.00e 0.41 ± 0.00e 0.55 ± 0.00ef 0.48 ± 0.00e 0.51 ± 0.01e 0.49 ± 0.00e

T3-500 0.36 ± 0.00d 0.36 ± 0.00d 0.49 ± 0.00d 0.46 ± 0.00d 0.46 ± 0.00d 0.43 ± 0.01d

T4-750 0.27 ± 0.00c 0.28 ± 0.00c 0.33 ± 0.00c 0.37 ± 0.00c 0.33 ± 0.01c 0.36 ± 0.00c

T5-1000 0.19 ± 0.00b 0.20 ± 0.00b 0.16 ± 0.00b 0.18 ± 0.00b 0.21 ± 0.00b 0.18 ± 0.00b

T6-1500 0.16 ± 0.00a 0.15 ± 0.00a 0.14 ± 0.00a 0.15 ± 0.00a 0.16 ± 0.00a 0.14 ± 0.00a

The data are expressed as the mean ± SEM (standard error of the mean) (n = 3, replicate hapa).

Values in the same line with different superscripts are significantly different (p < 0.05).

Table 6. Weight gain (%) of rohu, L. rohita fry at different stocking densities

Stocking Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Density

T1-100 30358.33 ± 95.24f 28947.92 ± 166.15f 43156.04 ± 128.81f 32038.96 ± 19.37f 36495.46 ± 459.13f 33099.38 ± 531.78f

T2-250 25145.83 ± 379.37e 25637.50 ± 236.16e 33965.42 ± 106.08e 29998.75 ± 938.75e 31538.35 ± 234.65e 30276.46 ± 367.31e

T3-500 22547.92 ± 224.47d 22706.25 ± 316.23d 30215.00 ± 34.56d 28846.04 ± 170.62d 28739.79 ± 281.18d 26891.46 ± 197.18d

T4-750 17083.33 ± 295.29c 17706.25 ± 148.05c 20605.17 ± 140.47c 23055.83 ± 61.56c 20661.04 ± 231.56c 22363.33 ± 201.23c

T5-1000 11508.33 ± 480.70b 12291.67 ± 248.69b 9894.79 ± 49.78b 10847.92 ± 89.06b 13095.42 ± 176.18b 11263.75 ± 270.11b

T6-1500 10033.33 ± 266.47a 9422.92 ± 77.95a 8345.83 ± 15.93a 9285.42 ± 133.43a 9862.71 ± 198.23a 8412.08 ± 166.89a

The data are expressed as the mean ± SEM (standard error of the mean) (n = 3, replicate hapa).

Values in the same line with different superscripts are significantly different (p < 0.05).
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Maximum survival of 67.8% were obtained for rohu
stocked at density of 2.5 million/ha in 0.04 ha
earthen nursery pond (Jena, Aravindakshan, &
Singh, 1998). The present investigation indicates that
hapa enclosure-based nursery rearing of rohu larvae

in earthen village ponds achieved comparable
survival rates (40–46%) at a stocking density of 750
larvae/m³. However, the availability of dedicated
earthen nursery ponds or concrete tanks for larval
rearing is becoming increasingly constrained in

Table 7. SGR of Rohu, L. rohita fry at different stocking densities

Stocking Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Density

T1-100 7.76 ± 0.04f 7.70 ± 0.13f 7.75 ± 0.00f 7.83 ± 0.00f 8.01 ± 0.05f 7.88 ± 0.15f

T2-250 7.51 ± 0.02e 7.53 ± 0.15e 7.45 ± 0.00e 7.75 ± 0.02e 7.81 ± 0.03e 7.76 ± 0.11e

T3-500 7.37 ± 0.05d 7.37 ± 0.12d 7.30 ± 0.00d 7.69 ± 0.00d 7.69 ± 0.04d 7.60 ± 0.10d

T4-750 6.99 ± 0.03c 7.04 ± 0.11c 6.81 ± 0.01c 7.39 ± 0.00c 7.24 ± 0.05c 7.35 ± 0.14c

T5-1000 6.46 ± 0.01b 6.54 ± 0.10b 5.88 ± 0.01b 6.37 ± 0.01b 6.63 ± 0.02b 6.42 ± 0.12b

T6-1500 6.26 ± 0.05a 6.19 ± 0.14a 5.67 ± 0.00a 6.16 ± 0.01a 6.24 ± 0.01a 6.03 ± 0.15a

The data are expressed as the mean ± SEM (standard error of the mean) (n = 3, replicate hapa).
Values in the same line with different superscripts are significantly different (p < 0.05).

Table 8. Survival (%) of rohu, L. rohita fry at different stocking densities

Stocking Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Density

T1-100 57.29 ± 0.04f 59.13 ± 0.10f 56.33 ± 0.27f 59.66 ± 0.43f 53.23 ± 0.36f 54.33 ± 0.59f

T2-250 51.71 ± 0. 19e 50.43 ± 0.66e 52.13 ± 0.53e 55.71 ± 0.49e 51.19 ± 0.98e 51.53 ± 0.43e

T3-500 48.37 ± 0. 27d 47.49 ± 0.43d 48.04 ± 0.84d 50.37 ± 0.32d 48.10 ± 0.87d 48.43 ± 0.77d

T4-750 42.84 ± 0.13c 45.44 ± 0.53c 46.83 ± 0.04c 43.49 ± 0.27c 44.27 ± 0.55c 43.41 ± 0.63c

T5-1000 34.48 ± 0. 49b 36.27 ± 0.49b 38.66 ± 0.33b 36.66 ± 0.88b 33.84 ± 0.91b 35.37 ± 0.88b

T6-1500 29.17 ± 0. 43a 32.76 ± 0.04a 35.83 ± 0.13a 33.53 ± 0.99a 28.77 ± 0.65a 31.46 ± 0.69a

The data are expressed as the mean ± SEM (standard error of the mean) (n = 3, replicate hapa).

Values in the same line with different superscripts are significantly different (p < 0.05).

Table 9. Average yield (g/m3) of rohu, L. rohita at different stocking densities

Stocking Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Density

T1-100 27.92 ± 0.31a 27.48 ± 0.15a 38.99 ± 0.23a 30.68 ± 0.17a 31.17 ± 0.02a 28.86 ± 0.12a

T2-250 52.23 ± 0.05b 51.92 ± 0.11b 71.03 ± 0.09c 67.05 ± 0.11c 64.79 ± 0.05b 62.59 ± 0.13b

T3-500 87.65 ± 0.02e 86.66 ± 0.10c 116.51 ± 0.06d 116.64 ± 0.08d 110.98 ± 0.03e 104.56 ± 0.14d

T4-750 88.35 ± 0.01e 97.11 ± 0.14f 116.35 ± 0.09d 120.85 ± 0.12e 110.29 ± 0.04e 116.91 ± 0.11e

T5-1000 64.05 ± 0.04c 71.92 ± 0.13d 61.82 ± 0.07b 64.22 ± 0.11b 71.43 ± 0.02d 64.31 ± 0.14c

T6-1500 70.94 ± 0.01d 74.89 ± 0.12e 72.63 ± 0.03c 75.52 ± 0.12c 68.80 ± 0.04c 64.17 ± 0.10c

The data are expressed as the mean ± SEM (standard error of the mean) (n = 3, replicate hapa).

Values in the same line with different superscripts are significantly different (p < 0.05).
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regions where land resources are largely diverted
for agricultural and industrial purposes.

The total cost of production was lower in T3 (INR
60,200) than in T4 (INR 64,100). Higher cost of
production with increased stocking density could be
due to the increase in variable costs, mainly due to
the higher initial seed costs for higher stocking
densities and costs for increased supplementary
feed requirements. But highest net benefit was
obtained in T4 (INR 25,900) followed by T3 (INR
5,800) and Benefit Cost Ratio was also found better
in T4 (1.40:1) than T3 (1.10:1). Although Treatments
having stocking densities with 100 and 250 larvae/
m3 have higher length, weight, growth rate, survival
and less days to achieve fry stage, they have lesser
net benefit and B:C ratio. Thus, the study clearly
indicated that other production and financial
indicators like overall yield, net benefit and benefit:
cost ratio are stocking density-dependent. Other
authors reported good profitability through rearing
of fish species at different stocking densities in

earthen ponds (Abou, Oké, & Odountan, 2016;
Shoko, Limbu, Mrosso, Mkenda, & Mgaya, 2016),
and under such circumstances, the adoption of
hapa-based nursery rearing in existing village ponds
represents a viable and efficient alternative for
ensuring adequate seed production for sustainable
fish culture. Profits in seed rearing practices are
higher and many farmers are ready to invest in such
operations (Biswas et al., 2006). The results of the
present study indicates that the rohu stocked in
hapa with 750 larvae/m3 obtained good growth rate
and survival with higher net production. Thus, it
can be stated that stocking density with 750 larvae/
m3 can be optimal for rearing of rohu larvae under
hapa production system in village ponds.

The study highlighted the impact of stocking
density on growth performance, survival, overall
yield and economic return of nursery rearing of L.
rohita larvae to fry in hapa production systems
installed in community ponds located in the rural
areas of the state of Gujarat wherein Indian major

Table 10. Costs and benefits for larvae to fry rearing of rohu, L. rohita in hapa at different stocking densities

Items Treatments
T3 T4

Stocking density 500 individuals’ larvae/m3 750 individuals’ larvae/m3

A. Capital cost

Hapa –size 3m x 2m x 1m @ Rs. 900/- 100 individuals 90,000/- 100 individuals 90,000/-

B.  Variable cost (For 3 cycles in a year)

Pond lease value 5,000/- 5,000/-

Bamboo poles for fixing hapa in pond 5,000/- 5,000/-

Larvae @ Rs. 800/lakh larvae 9 lakhs 7,200/- 13.5 lakhs 10,800/-

Supplementary feed @ Rs. 30/kg 90 kg 2,700/- 100 kg 3,000/-

Labour for management and harvesting 5,000/- 5,000/-

Miscellaneous 2,000/- 2,000/-

Sub - Total Variable Cost 26,900/- 30,800/-

Depreciation of capital cost @ 25% 22,500/- 22,500/-

Interest on fixed cost per annum 12% 10,800/- 10,800/-

C. Total Cost of Production 60,200/- 64,100/-

D. Gross Benefit

Selling @ Rs. 15,000/lakh 4.4 lakh fry, 66,000/- 6 lakh fry 90,000/-

Survival-48% Survival- 45%

Net Benefit (D-C) 5,800/- 25,900/-

Benefit cost ratio 1.10 1.40

Amount (Rs.) expressed in Indian Rupees
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carps are the dominating group of food fish species
in entire aquaculture production sector. Stocking
density significantly impacted the production and
financial parameters like overall yield, net benefit
and benefit-cost ratio while undertaking nursery
raising of rohu in hapa production systems, with the
highest stocking density up to treatment T4 realising
the highest profits within a single production
season. Thus, the study had clearly indicated the
upper limit of stocking density for nursery raising
of rohu fry to obtain maximum overall yield along
with maximum net benefits. The study recommends
a stocking density of L. rohita larvae at 750 larvae/
m3 for achieving high fry production with higher net
benefits under hapa production systems installed in
village ponds. The findings of the study are useful
for the rural farmers for nursery raising of Indian
major carps on their existing grow out farm ponds
in rural areas through ease in installation of hapa
production systems. The results are based on the
given conditions indicated in the culture systems
and these results should be strengthened by
conducting a broader study that examines multiple
weather variables, pond productivity factors, overall
seed health, seed quality, and an economic evalua-
tion, in order to better disentangle the wider impacts
of stocking density in carp nursery seed production
programmes.
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