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ABSTRACT
Carp polyculture is a well-established aquaculture system in Nepal but improving productivity of this
aquaculture system as well as the introduction of new aquaculture systems is a major concern. Two
trials were conducted to demonstrate the value of Nile tilapia and sahar in polyculture ponds, and a
culture system with only monosex tilapia. The on-station trial was conducted at the Aquaculture farm
of AFU, Chitwan, Nepal in 12 earthen ponds of 150 m* for 185 days (1 June to 3 December 2017).
The on-farm trial was conducted in 12 earthen ponds of 200 m? in a private farm of Kathar, Chitwan,
Nepal for 150 days (17 July to 15 December 2017) to demonstrate the culture potential of sahar and
tilapia to farmers. Both trials were conducted in a completely random design with four treatments in
triplicate: a) Existing carp polyculture (10,000/ha) + mixed-sex tilapia (3,000/ha) + sahar (1,000/ha)
(T)); b) Existing carp polyculture + monosex tilapia (3,000/ha) (T>); ¢) Monosex tilapia at 10,000/ha
with fertilization only (T5); and d) Monosex tilapia at 20,000/ha with fertilization and feeding (T4).
Silver carp (Hypophthalmichthys molitrix), bighead carp (Aristichthys nobilis), common carp
(Cyprinus carpio), grass carp (Ctenopharyngodon idella), rohu (Labeo rohita) and mrigal (Cirrhinus
mrigala) were stocked in all ponds at the ratio of 3.5:1:2.5:0.5:1.5:1.The mean stocking size of silver
carp, bighead carp, common carp, grass carp, rohu and mrigal in T; and T in on-station trial was 3.2
and 3.3, 0.6 and 0.6, 13.6 and 12.5, 5.9 and 6.2, 21.7 and 20.6,11.1 and 11.9 g, respectively. The
mean stocking size of Nile tilapia (Oreochromis niloticus) was 1.9, 0.9, 1.2 and 0.9 g, in Ty, T, T3,
and Ty, respectively, and of sahar (Tor putitora) was 2.1 g. The ponds were fertilized weekly with
urea and di-ammonium phosphate at 4 g N and 1 g P m? day™'. Fish were fed once daily with
commercial pelleted feed (26% CP) at 2% body weight. At harvest, the combined net fish yield was
significantly higher (p<0.05) in T4 (3.77+0.23 t-ha™-crop™') compared to T (1.03+0.14 t'ha'-crop™);
whereas, there was no significant difference (p>0.05) among T; (2.82+0.23 t-ha'-crop™), T»
(3.20+0.17 t'ha™-crop™) and T4 (3.77+0.23 t-ha™'crop™'). The mean harvest size, daily weight gain,
GFY, and NFY of monosex Nile tilapia in T4 were significantly higher than in T3 (p<<0.05).There was
no significant difference in average temperature, total alkalinity, total ammonium nitrogen and
chlorophyll-a among treatments during the experimental period (p>0.05); however, dissolved oxygen
was significantly higher in T4 than other treatments (p<0.05). The gross profit margin was
significantly higher in T4 (4418.5+£302.9 USD/ha) compared to T3 (1666.1+341.3 USD/ha) without
any significant difference between T; and T, (p<0.05).

In the on-farm trial, mean stocking size of silver carp, bighead carp, common carp, grass carp, rohu,
and mrigal in Ty and T, was 44.2 and 45.3, 3.0 and 3.0, 9.9 and 9.7, 3.0 and 3.0, 29.8 and 32.9 g,
respectively. Mean size of mixed-sex tilapia was 3.5 g in T, and all-male tilapia of 6.5, 6.5, and 3.2 g
size were stocked in T, T3 and T4 respectively. Similarly, the mean stocking size of sahar in T; was
7.0 g. Feeding, fertilization and other culture practices were similar to the on-station trial. At harvest,
the combined net fish yield was significantly lower in T3 (0.710.02 t'ha™crop™") compared to other
treatments (p<0.05); whereas, there was no significant difference among T; (2.49+0.24 t'ha-crop™),

41



Research Project Investigations: Production System Design and Best Management Alternatives

T, (2.57+0.36 tha™'-crop™) and T4 (2.54+0.06 t-ha”-crop™) (p>0.05). The mean harvest size, daily
weight gain, GFY and NFY of monosex Nile tilapia in T4 were significantly higher than in T3
(p<0.05). There was no significant difference in average temperature and Secchi disk depth among
treatments during the experimental period (p>0.05); however, dissolved oxygen was significantly
higher in T3 than other treatments (p<0.05). The gross profit margin was significantly lower in T3
(1036.9£70.7 USD/ha) compared to other treatments; whereas, there was no significant difference
among T; (2521.4+411.8 USD/ha), T» (2483.2+339.1 USD/ha) and T4 (3115.6+£237.5 USD/ha)
(p>0.05).We conclude that the carp-tilapia-sahar polyculture, carps and monosex tilapia polyculture,
and monosex tilapia culture with fertilization and feeding systems are equivalent practices and better
than the presently used carp polyculture system to enhance pond productivity, species diversification
and economically viable aquaculture.

INTRODUCTION
Total fish production in Nepal was 83,000 metric tons in 2016, with about 60% originating from
aquaculture. Pond culture is the most popular method of aquaculture, but annual pond yield averages
only 4.92 t/ha (DoFD, 2017). Carps are popular warm water fish for culture in Nepal, contributing
more than 95% of aquaculture production in the country. Tilapia is a globally prominent species for
all types of management intensities. Nile tilapia (Oreochromis niloticus) was introduced into Nepal in
1985 (Pantha, 1993), but it remained under government control for more than 10 years (Shrestha and
Bhujel, 1999). Since 1996, experiments conducted at Institute of Agriculture and Animal Sciences
(IAAS) included polyculture of tilapia and common carp (Cyprinus carpio; Shrestha and Bhujel,
1999), mixed-size culture of tilapia (Mandal and Shrestha, 2001), polyculture of grass carp
(Ctenopharyngodon idella) with tilapia (Pandit et al., 2004), and recently additional polyculture
experiments conducted on-station and on-farm (Bhandari et al., 2016). Recruitment control remains a
problem, as mixed-sex tilapia is most commonly used for culture. Snakehead (Channa striata; Yi et
al., 2004) and sahar (Tor putitora; Shrestha, 1997) have been evaluated for their ability to control
tilapia reproduction by predation on tilapia fry. Tilapia and sahar co-culture was attempted to control
excessive recruitment of tilapia and provide an additional species to increase productivity of high-
valued indigenous fish (Shrestha et al., 2011). Sahar has been overfished in rivers and lakes, which
has resulted in declining populations (Rajbanshi, 2001; Joshi et al., 2002) and listing as an
endangered species (IUCN, 2017). While sahar can reduce tilapia fry production, overpopulation of
tilapia often occurs even when sahar are present (Paudel et al., 2007; Yadav et al., 2007; Shrestha et
al., 2011). Growth of sahar is typically higher in tropical and subtropical ponds than in cages reared in
Pokhara lakes, as well as suspended cages in ponds (Bista et al., 2007; Shrestha et al., 2004).

Semi-intensive carp polyculture is an established system in tropical and subtropical regions of Nepal,
using fertilized ponds with supplemental feed. The carp species include silver carp
(Hypophthalmichthys molitrix), bighead carp (Aristichthys nobilis), common carp, grass carp, rohu
(Labeo rohita) and mrigal (Cirrhinus mrigala). All 6 species are recommended in certain ratios with a
combined density of 10,000 fish/ha, but fingerlings of all species are rarely available when needed for
stocking. The typical number of species cultured ranges from four to six. The addition of other proven
species (such as tilapia and sahar) with increased stocking density into the existing carp production
system could increase productivity up to 57% and net returns by 61% (Shrestha et al., 2012) with no
added inputs. Since tilapia consume plankton, they also improve water quality in ponds and in
effluents at harvest. Such improvements in water quality, larger economic gain, and production of fish
with no further inputs all enhance the sustainability of an aquaculture system environmentally and
economically.

In the first phase of the AquaFish Project, we conducted an experiment incorporating tilapia into carp

polyculture. The results showed significant increases in yield (29%) and profit margin (81%) when
tilapia and sahar were added to carp polyculture (Bhandari et al., 2016). Overall production was still
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relatively low, about four tons per ha annually. This production is lower than monosex tilapia culture
in ponds in Thailand, where we have achieved annual yields of about 5 tons per ha with only fertilizer
inputs and up to 20 tons per ha in fed ponds (Diana, 2012). Monoculture of tilapia could possibly
outperform polyculture with carps in Nepal, as well, either in terms of total production or in economic
returns. It is not possible to directly transfer results on monoculture of tilapia from Thailand to Nepal,
given the generally cooler and more seasonal climate in Nepal. Therefore, the purpose of this
experiment is to examine monoculture of tilapia along with inclusion of tilapia in polyculture as
techniques to best incorporate tilapia into the aquaculture industry in Nepal. Since sahar is an
endangered species (IUCN 2017), any success in rearing them could either relieve pressure on wild
populations as a food source, or could be used to supplement wild populations by stocking to
improving sustainability of aquaculture in Nepal.

The addition of new species to the carp polyculture system and testing of new species under new
conditions fit the national aquaculture plans elaborated by government agencies, as well as the Feed
the Future (FtF) plans for aquaculture improvement. The first FtF research goal is to advance the
productivity frontier by both increasing productivity beyond current levels through technology
development and extending technology so local production can reach the level of research farms. This
study was focused on that goal. Secondly, the national plans for aquaculture and fisheries have goals
to improve culture of indigenous fishes and raise yield of ponds from farms to the level of research
stations. Again, the present study is in complete alignment with these goals.

This study was intended to expand the technology developed through AquaFish research on carps,
tilapia, and sahar production to farmers in order to demonstrate alternative fish production models. In
particular, we conducted a new on-farm experiment on monoculture and polyculture systems, using
carp with the addition of tilapia and sahar, to determine the most practical system for farm adoption.

OBJECTIVES

The overall goal of this project was to determine if there is a valuable role for tilapia in the
aquaculture systems in Nepal. To do this, we had the following objectives:

1. To increase pond productivity through species diversification.

2. To test a carp-tilapia-sahar polyculture and monosex tilapia culture system for outreach

potential by private farms.
3. To evaluate the culture potential of sahar and monosex tilapia to farmers.
4. To develop partial enterprise budgets of costs and values of fish crops among treatments.

MATERIALS AND METHODS
Two trials, on-station and on-farm, were conducted simultaneously to evaluate performance of carp-
tilapia-sahar polyculture and monosex tilapia culture systems. The on-station trial was conducted at
the Aquaculture farm of AFU, Chitwan, Nepal in twelve earthen ponds of 150 m? for 185 days (1
June to 3 December 2017). The trial was conducted in a completely randomized design with four
treatments in triplicate: a) Existing carp polyculture (10,000/ha) + mixed-sex tilapia (3,000/ha) +
sahar (1,000/ha) (T); b) Existing carp polyculture and monosex tilapia at 3,000/ha (T>); ¢) Monosex
tilapia at 10,000/ha with fertilization only (T3); and d) Monosex tilapia at 20,000/ha with fertilization
and feeding (T4). Silver carp, bighead carp, common carp, grass carp, rohu and mrigal of mean
stocking size 3.2 and 3.3, 0.6 and 0.6, 13.6 and 12.5, 5.9 and 6.2, 21.7 and 20.6, 11.1 and 11.9 g,
respectively were stocked in Ty and T at the ratio of 3.5:1:2.5:0.5:1.5:1. Mixed-sex Nile tilapia and
sahar of 1.9 and 2.1 g size were added in T,. Similarly, the stocking size for all-male tilapia in T», T3,
and T, were 0.9, 1.2, and 0.9 g, respectively. All experimental ponds were completely drained and
treated with hydrated lime (Ca(OH),) at the rate of 450 kg per ha. The ponds were sun dried for 2-3
days then filled with canal water. Ponds were then fertilized at 4 kg N and 1 kg P m~day™ with di-
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ammonium phosphate (DAP) (18% N and 46% P,0s) and urea (46% N). Fingerlings were stocked
one week after pond fertilization. Subsequent fertilizations were done on weekly basis.

Feeding was done with commercial pellet feed (24% CP; Machapuchhre Feed Industry, Kapilvastu,
Nepal) at 2% of total carp biomass per day. The proximate composition of feed was 90.0% dry
matter, 26.6% crude protein, 8.6% crude fiber, 2.4% ether extract and 5.4% total ash. Feeding was
done once in the morning between 0900 and 1000. The quantity of feed was adjusted monthly based
on fish sampling. Fertilization with DAP and Urea was done fortnightly in all treatments. Sampling of
fish was done monthly from each pond starting 30 days after stocking. During sampling about 10% of
the stocked population of each species was weighed to calculate feed quantity for next month,
assuming 100% survival. For final harvest, all ponds were drained by pumping and all fish were
harvested and weighed.

Weekly and biweekly measurements of water quality parameters were conducted at 0600—0800 h
starting from 1 June 2017. Water temperature, dissolved oxygen (DO), pH, and Secchi disk depth
were measured in situ weekly using a DO meter (Lutron DO-5519), pH meter (Lutron pH-222) and
Secchi disk, respectively. Water samples were collected biweekly from each pond using a plastic
column sampler and analyzed for total alkalinity, total ammonium nitrogen (TAN), soluble reactive
phosphorous (SRP), and chlorophyll a (APHA et al., 1985). Proximate analysis of feed was done
using methods provided in AOAC (1980).

Simple economic analysis was done to determine economic returns from each treatment (Shang,
1990). The economic analysis was mainly based on farm gate price for harvested fish and current
local market prices for all other inputs in Nepal. Farm gate prices of sahar, tilapia and carps were 600,
250 and 250 NRs kg™, respectively. Prices for sahar, mixed-sex tilapia, and monosex tilapia
fingerlings were 5, 1, and 2 NRs piece’, respectively. Prices for common carp, silver carp, bighead
carp, grass carp, rohu and mrigal fingerlings were 5, 1, 0.5, 2, 5 and 3 NRs piece ™', respectively.
Prices for DAP, urea and feed was 50, 22 and 20 NRs kg™, respectively. One $US is equivalent to
105.00 NRs.

The on-farm trial was conducted at the Center for Aquaculture Research and Production (CARP; a
private farm), Kathar, Chitwan in twelve earthen ponds of 200 m? for 150 days (17 July to 15
December 2017) to verify the culture potential of sahar and tilapia to farmers. The trial was conducted
in a completely randomized design with four treatments in triplicate: a) Existing carp polyculture
(10,000/ha) + mixed-sex tilapia (3,000/ha) + sahar (1,000/ha) (T,); b) Existing carp polyculture and
monosex tilapia at 3,000/ha (T2); ¢c) Monosex tilapia at 10,000/ha with fertilization only (T5); and d)
Monosex tilapia at 20,000/ha with fertilization and feeding (T4). Silver carp, bighead carp, common
carp, grass carp, rohu and mrigal of mean stocking size 44.2 and 45.3, 3.0 and 3.0, 9.9 and 9.7, 3.0
and 3.0, 29.8 and 32.9 g, respectively were stocked in six ponds of T and T at the ratio of
3.5:1:2.5:0.5:1.5:1. Mixed-sex Nile tilapia of 3.5 g and sahar of 7.0 g size were added in Tj.
Similarly, the stocking size of all-male tilapia in T, T3, and T4 were 6.5, 6.5, and 3.2 g, respectively.
Feeding, fertilization and other culture practices were similar to the on-station trial. The method for
economic analysis was similar to that of the on-station trial with slight variation in carp fingerlings.
Prices for common carp, silver carp, bighead carp, grass carp, rohu, and mrigal fingerlings were 5, 10,
1,2, 10, and 5 NRs piece, respectively.

The data were analyzed by one-way ANOVA using SPSS (V 16.0). For significant differences in
growth parameters among different treatments, LSD was used to compare the means. For testing
different growth and production parameters of carps, a T-test was used. For all analysis alpha was set
at 0.05.
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RESULTS
Experiment one: on-station trials
The gross and net fish yields for monosex tilapia without feed was significantly lower than monosex
tilapia with feed and carp treatments (Table 1). The production of all carps was not significantly
different between T and T (p>0.05). The production of monosex tilapia in T4 was significantly
higher than in T3 (p<<0.05). Similarly, the extrapolated GFY of tilapia in T, was significantly higher
than T (p<0.05). The combined extrapolated GFY of all species excluding and including tilapia
recruits was significantly lower in T3 than other treatments (p<0.05). Similarly, the combined
extrapolated NFY of all species excluding tilapia recruits was significantly lower in Tz than T,
(p<0.05). The apparent food conversion ratio (AFCR) was significantly lower in T4 compared to T
and T without any significant differences between T, and T, (Table 1).

Table 1. Production parameters (mean + SE) of different treatments. Mean values in a row with the same
superscript are not significantly different (a. = 0.05).

Treatments
Parameters T T> Ts T4
Extrapolated GFY
(tha'-crop™)
Carps 2.42+0.20° 2.58+0.14* - -
Tilapia 0.49+0.04* 0.72+0.09° 1.04+£0.14°¢ 3.79+0.12¢
Sahar 0.02+0.00 - - -
Combined excluding b b b
o X 2.93+0.46 3.29+0.17 1.04+£0.147 3.79+0.12
tilapia recruits
Combined including 3.0040.22° 3.2940.17° 1.042£0.14° 3.7940.12°
tilapia recruits
Extrapolated NFY
(tha-crop!) excluding 2.8240.23% 3.20£0.17%® 1.03+0.142 3.77+0.23°
tilapia recruits
AFCR 2.42+0.28° 2.09+0.14° - 1.86+0.07°

Each carp species showed similar production parameters in all treatments, indicating the addition of
tilapia and sahar did not affect overall carp production (Table 2). There were no significant
differences in mean harvest weight, total harvest weight, mean daily weight gain (DWG), survival
rate, extrapolated GFY, and extrapolated NFY of different carp species among treatments. However,
mean harvest size, daily weight gain, GFY and NFY of monosex Nile tilapia in T4 were significantly
higher than in T3 (p<0.05).

Table 2. Growth and production parameters (mean £SE) in different treatments in on-station trial. Data based
on a 150 m? pond for 185 days culture period. Mean values in a row with the same superscript are not
significantly different (o = 0.05).

Parameter Treatment
T T> Ts Ty

Common Carp

Mean stocking weight (g) 13.6+1.12 12.5+0.4° - -
Total stocking weight (kg) 0.51+£0.04° 0.48+0.02° - -
Mean harvest weight (g) 385.6446.82 397.0+£10.42 - -
GFY (kg) 9.6+0.7° 10.6+1.3° - -
DWG (gday™) 2.01+0.26° 2.08+0.05° - -
Survival (%) 67.5+8.9° 71.1+£10.6° - -
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Parameter Treatment
T T> Ts Ty
GFY (t'ha'-crop™) 0.64+0.042 0.71+0.09°2
NFY (t-ha!-crop™) 0.61+0.042 0.68+0.092
Silver Carp
Mean stocking weight (g) 3.2+0.22 3.3+0.22
Total stocking weight (kg) 0.17+0.01° 0.18+0.01°
Mean harvest weight (g) 319.6+15.82 370.3£13.62
GFY (kg) 6.6£0.3 594120
DWG (gday™) 1.71£0.08° 1.08+0.07°
Survival (%) 39.0+2.3° 29.6+4.9°
GFY (t'ha'-crop™) 0.44+0.02° 0.39+0.082
NFY (t-ha-crop™) 0.43+0.02°2 0.38+0.082
Bighead Carp
Mean stocking weight (g) 0.6+0.0? 0.6+0.0?
Total stocking weight (kg) 0.01+0.00° 0.01+0.00°
Mean harvest weight (g) 470.4+39.6° 473.7447.0°
GFY (kg) 4.8+0.1° 4.940.2°
DWG (gday™) 2.54+0.21° 2.56+0.25?
Survival (%) 68.9+59° 71.1£8.9°
GFY (t'ha'-crop™) 0.32+0.00° 0.33+0.01°
NFY (t-ha!-crop™) 0.32+0.00° 0.33+0.01°
Grass Carp
Mean stocking weight (g) 5.9+0.32 6.2+0.42
Total stocking weight (kg) 0.05+0.00° 0.05+0.00°
Mean harvest weight (g) 446.0+195.5° 635.9447.7?
GFY (kg) 2.5+1.0° 3.140.5°
DWG (gday™) 2.38+1.06° 3.40+0.26°
Survival (%) 79.2+30.1° 62.5+12.5°
GFY (t'ha'-crop™) 0.16+0.062 0.21+0.032
NFY (t-ha-crop™) 0.16+0.062 0.20+0.042
Rohu
Mean stocking weight (g) 21.7+1.22 20.6+0.7%
Total stocking weight (kg) 0.50+0.032 0.47+0.022
Mean harvest weight (g) 396.34+40.2° 411.3+62.5°
GFY (kg) 8.5+0.7° 8.9+0.8°
DWG (gday™) 2.02+0.22° 2.11+0.347
Survival (%) 94.245.8° 95.749.1°
GFY (t'ha'-crop™) 0.57+0.052 0.59+0.052
NFY (t-ha-crop™) 0.53+0.052 0.56+0.052
Mrigal
Mean stocking weight (g) 11.1+0.32 11.9+0.4%
Total stocking weight (kg) 0.17+0.00* 0.18+0.01?
Mean harvest weight (g) 471.1+45.6 480.0+42.1°
GFY (kg) 4.3+0.7° 5.040.3
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Parameter Treatment
T T> Ts Ty
DWG (gday™) 2.49+0.25° 2.53+0.23° -
Survival (%) 60.0+3.0° 73.3+3.9° -
GFY (t'ha'-crop™) 0.29+0.04* 0.35+0.022 -
NFY (t-ha-crop™) 0.27+0.04* 0.34+0.022 -
Tilapia
Mean stocking weight (g) 1.9+0.1 0.9+0.0 1.2+0.0 0.9+0.1
Total stocking weight (kg) 0.09+0.01 0.04+0.00 0.18+0.00 0.26+0.02
Mean harvest weight (g) 267.1+28.4 356.5+33.6 152.1+29.2° 281.7+4.8°
GFY (kg) 7.42+0.59 10.75+1.30 15.63+£2.15° 56.80+1.77°
DWG (gday™) 1.43+0.15 1.92+0.18 0.82+0.16% 1.52+0.03°
Survival (%) 62.242.3 66.7+2.6 70.0+5.1° 67.2+1.9°
GFY (t'ha'-crop™) 0.49+0.04 0.72+0.09 1.04+£0.147 3.79+0.12°
NFY (tha!-crop™) 0.49+0.04 0.71+0.09 1.03+£0.147 3.77+0.12°
Sahar

Mean stocking weight (g) 12.1£1.1 -
Total stocking weight (kg) 0.18+0.02 -
Mean harvest weight (g) 35.7+1.9 -
GFY (kg) 0.37+0.02 -
DWG (gday™) 0.13£0.01 -
Survival (%) 68.9+5.9 -
GFY (t'ha'-crop™) 0.02+0.00 -
NFY (t-ha!-crop™) 0.01+0.00 -

There was no significant difference in average temperature, total alkalinity, total ammonium nitrogen
and chlorophyll-a among treatments during the experimental period (Table 3, p>0.05); however,
dissolved oxygen was significantly higher in T4 than other treatments (p<0.05). The soluble reactive

phosphorous was significantly higher in T, and T3 than Ts.

Table 3. Water quality parameters (mean +SE with range in parentheses) of different treatments. Mean values in
a row with same superscript are not significantly different (o = 0.05).

Treatments
Parameters Ti T2 T3 T4
Water temperature (°C) 28.340.2° 282+02° 28.140.1° 28.1402°
(212-322)  (21.731.6)  (21.531.6)  (21.5-31.6)
Dissolved oxygen (mg/L) 2.6+0.1° 2.7+0.32 2.6+0.2° 3.6+0.3"
(0.7-7.1) (0.7-6.3) (0.5-5.7) (0.7-8.3)
. 7.2 7.1 7.2 7.2
P (6.5-7.9) (6.1-8.0) (6.2-7.9) (6.5-8.2)
. 146.4+13.0°  143.842.2°  1453+6.7°  141.049.3¢
Total alkalinity (mg/L as CaCOs) (86.8-178.5) (107.5-179.4) (104.1-199.7)  (104.6-180.9)
Soluble reactive phosphorous (mg/L) 0.43+£0.00®  0.46£0.00°  0.47+0.02°  0.37+0.03°
(0.05-0.96)  (0.01-1.08)  (0.14-1.63)  (0.06-0.96)
Total ammonium nitrogen (mg/L) 0.44+0.03*  0.39+0.02°  0.42+0.01*  0.330.05°
(0.05-127)  (0.08-1.20)  (0.04-1.10)  (0.04-0.88)
Chlorophyll-a (mg/m) 78.1427.7° 73.7£9.7*  80.8+10.3° 48.9+44.8°
(15.9216.6)  (19.0210.2)  (12.7-206.3)  (15.1-103.1)
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The gross margin for monosex tilapia with feed was significantly higher than monosex tilapia without
feed, while carp treatments were intermediate in gross margin. The variable costs in all treatments
consisted of seed, feed, lime, urea, and DAP (Table 4). Cost of seed was significantly different among
treatments (p<0.05), whereas cost of feed was not significantly different among fed treatments
(p>0.05). There was no significant difference in all other variable costs among different treatments
(p>0.05). Total input cost and total output were significantly lower in T3 than other treatments. The
gross profit margin was significantly higher in T4 (4418.5+£302.9 USD/ha) compared to Ts
(1666.1+341.3 USD/ha) without any significant difference between T and T> (p<0.05; Table 4).

Table 4. Economic analysis (in USD) for each treatment. Data based on a 150 m? pond area and culture period
of 150 days. Mean values in a row with the same superscript are not significantly different (o = 0.05).

. Treatment
Variable T T T T
Seed 6.3+0.0¢ 4.5+0.0° 2.9+0.0% 5.7+0.0¢
Feed 51.8+3.1% 51.3£1.0% 0.0+0.0 53.9+0.7%
Lime 1.3+£0.0? 1.3£0.0? 1.3£0.0? 1.3+£0.0?
Urea 2.9+0.0? 2.9+0.0% 2.9+0.0? 2.9+0.0?
DAP 5.1£0.0° 5.1£0.02 5.1+0.02 5.1+0.02
Total Input 67.5£3.1° 65.2+1.0° 12.2+0.02 69.0+0.7°
Total Output 106.0+8.2° 117.6+6.0%° 37.245.1% 135.244.2¢
Gross Margin 38.5+£10.2% 52.4+6.7%® 25.0£5.12 66.34+4.5b
Gross Margin (ha™) 2569.1+679.9% 3491.9+449.5® 1666.1+£341.32 4418.5+302.9°

Experiment two: on-farm trials

As in the first experiment, the gross and net fish yields in monosex tilapia without feed were
significantly lower than monosex tilapia with feed and carp treatments (Table 5). The production of
all carps was not significantly different between T and T (p>0.05). The production of tilapia in T,
was significantly higher than T3 (p<<0.05). The combined extrapolated GFY of all species excluding
and including tilapia recruits was significantly lower in T3 than other treatments (p<0.05). Similarly,
the combined extrapolated NFY of all species excluding tilapia recruits was significantly lower in T3
than other treatments (p<0.05). The apparent food conversion (AFCR) was significantly lower in T4
compared to T; and T» without any significant differences between T; and T (Table 5).

Table 5. Production parameters (mean + SE) of different treatments. Mean values in a row with the same
superscript are not significantly different (o= 0.05).

Treatments
Parameters T, T2 T3 Ts
Extrapolated GFY (t-ha™'-crop™)
Carps 2.35+0.25% 2.25+0.02° - -
Tilapia 0.34+0.072 0.60+0.14° 0.78+0.23° 2.60+0.06°
Sahar 0.06:+0.00 - - -
Combined excluding 27540248 2,850,370 0.78£0.3° 2.6040.06°
tilapia recruits
Combined including 2.81+0.25° 2.85+0.37° 0.78+0.03 " 2.60+0.06°
tilapia recruits
Extrapolated NFY
(tha-crop) excluding 2.49+0.242 2.57+0.362 0.71+0.02° 2.54+0.062
tilapia recruits
FCR 2.234+0.20° 2.24+0.10° 0.00 1.60+0.13°
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There were no significant differences in mean harvest weight, total harvest weight, mean daily weight
gain (DWG), survival rate, extrapolated GFY, and extrapolated NFY of different carp species among
treatments (Table 6). However, mean harvest size, daily weight gain, GFY and NFY of monosex Nile
tilapia in T4 were significantly higher than in T3 (p<0.05).

Table 6. Growth and production parameters (mean £SE) in different treatments in on-station trial. Data based
on a 200 m? pond for 150 days culture period. Mean values in a row with the same superscript are not
significantly different (o = 0.05).

Parameter Treatment
T T> Ts Ty

Common Carp

Mean stocking weight (g) 9.9+1.12% 9.7+£0.37*
Total stocking weight (kg) 0.50+0.06* 0.48+0.02°
Mean harvest weight (g) 310.6+33.42 302.2444.32
GFY (kg) 14.3+1.7° 9.3+0.9°
DWG (gday™) 2.00+0.22° 1.95+0.30°
Survival (%) 92.0+4.2° 63.3+6.6°
GFY (tha'-crop™) 0.71+0.072 0.47+0.052
NFY (tha'-crop™) 0.69+0.07° 0.44+0.05°
Silver Carp

Mean stocking weight (g) 44.2+0.73° 45.3+£291°
Total stocking weight (kg) 3.09+0.05° 3.17+£0.20°
Mean harvest weight (g) 216.5+27.62 262.0+18.82
GFY (kg) 14.5742.07? 14.40+0.342
DWG (gday™) 1.15+0.19° 1.44+0.14°
Survival (%) 95.7+1.7° 79.1+3.92
GFY (tha'-crop™) 0.73+0.10° 0.72+0.02°2
NFY (t-ha'-crop™) 0.57+0.112 0.56+0.022
Bighead Carp

Mean stocking weight (g) 3.0+0.14* 3.0+£0.50*
Total stocking weight (kg) 0.06+0.00° 0.06+£0.01°
Mean harvest weight (g) 202.3+65.12 164.2+19.52
GFY (kg) 2.41+£0.49° 2.37+0.17°
DWG (gday™) 1.33+0.43° 1.07£0.13?
Survival (%) 66.7+14.5° 75.0+12.6°
GFY (tha'-crop™) 0.12+0.02°2 0.12+0.012
NFY (t-ha-crop™) 0.12+0.02°2 0.12+0.012
Grass Carp

Mean stocking weight (g) 3.0+£0.33* 3.0+£0.00*
Total stocking weight (kg) 0.03+0.00° 0.03+0.00°
Mean harvest weight (g) 698.2+136.6* 658.3+50.02
GFY (kg) 4.24+0.32° 3.89+0.09°
DWG (gday™) 4.63+0.91° 4.37+0.33°
Survival (%) 63.3+6.7° 60.0+5.8°
GFY (tha'-crop™) 0.21+0.02°2 0.19+0.00°
NFY (t-ha-crop™) 0.21+0.02 0.19+0.00°
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Parameter Treatment
T T> Ts Ty

Rohu
Mean stocking weight (g) 29.8+1.16° 32.9+£1.66° -
Total stocking weight (kg) 0.89+0.03° 0.99+0.05° -
Mean harvest weight (g) 312.9435.32 384.5424.2? -
GFY (kg) 8.72+0.84% 10.87+0.542 -
DWG (gday™) 1.89+0.23° 2.34+0.17° -
Survival (%) 93.3+1.9° 94.44+2.9° -
GFY (t'ha'-crop™) 0.44+0.042 0.54+0.03 2 -
NFY (t-ha!-crop™) 0.39+0.042 0.49+0.03 2 -

Mrigal
Mean stocking weight (g) 17.33+1.172 17.67+0.332 -
Total stocking weight (kg) 0.35+0.02° 0.35+0.01° -
Mean harvest weight (g) 220.24+30.52 259.5+31.62 -
GFY (kg) 2.90+0.13° 4.14+0.96° -
DWG (gday™) 1.35+0.20° 1.61£0.21° -
Survival (%) 68.3+9.3° 78.3£11.7° -
GFY (t'ha'-crop™) 0.15+0.012 0.21+0.052 -
NFY (t-ha-crop™) 0.13+0.012 0.19+0.052 -

Tilapia
Mean stocking weight (g) 3.5+0.48 6.5+0.00 6.5+4.48* 3.2+0.11%
Total stocking weight (kg) 0.21+0.03 0.39+0.00 1.31£0.90° 1.28+0.04°
Mean harvest weight (g) 196.1+21.6 279.8447.5 132.6+7.4* 214.3+5.6°
GFY (kg) 6.76+1.40 11.93+£2.77 15.55+0.59° 52.08+1.13°
DWG (gday™) 1.28+0.14 1.82+0.32 0.84+0.072 1.41+0.04°
Survival (%) 56.7+8.6 72.8+17.1 59.244.9° 60.842.0°
GFY (t'ha'-crop™) 0.34+0.07 0.60+0.14 0.78+0.032 2.60+0.02°
NFY (tha!-crop™) 0.33+0.07 0.58+0.14 0.71£0.06% 2.54+0.06"

Sahar
Mean stocking weight (g) 7.0+0.14 -
Total stocking weight (kg) 0.14+0.00 -
Mean harvest weight (g) 69.4+2.9 -
GFY (kg) 1.18+0.01 -
DWG (gday™) 0.42+0.02 -
Survival (%) 85.0+£2.2 -
GFY (t'ha'-crop™) 0.06+0.00 -
NFY (t-ha-crop™) 0.05+0.00 -

There was no significant difference in average temperature and Secchi disk depth among treatments
during the experimental period (Table 7, p>0.05); however, dissolved oxygen was significantly higher
in T3 than other treatments (p<0.05).
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Table 7. Water quality parameters (mean +SE with range in parentheses) of different treatments. Mean values in
a row with same superscript are not significantly different (o = 0.05).

Treatments
Parameters Ti T2 T3 Ta
Water temperature (°C) 29.240.1° 292+0.1° 28.9403° 28.940.1°
P (17.632.5)  (17.1-32.3)  (17.0-34.2)  (16.6-31.9)
Dissolved oxygen (mg/L) 5.5+0.1° 5.3+0.3° 6.6+0.2° 5.2+0.3°
ygen g (3.3-10.0) (2.6-10.8) (2.6-14.1) (1.4-11.2)
. 7.8 7.8 8.3 8.0
P (6.8-8.7) (6.7-8.7) (7.2-9.8) (7.2-9.0)
L 27.0+3.0° 29.0+3.1° 34.942.9° 37.643.2°
Sccchi disk depth (cm) (13.3-46.7)  (18.3-48.3)  (20.0453.3)  (25.0-60.0)

All carp polyculture and tilapia monoculture systems differed in economic performance, with the
treatment monosex tilapia with feed being most profitable. The variable costs in all treatments consisted
of seed, feed, lime, urea, and DAP (Table 8). Cost of seed was significantly different among treatments
(p<0.05), whereas cost of feed was not significantly different among treatments (p>0.05). There was
no significant difference in all other variable costs among different treatments (p>0.05). Total input
cost and total output were significantly lower in T3 than other treatments. The gross profit margin was
significantly lower in T3 than other treatments, whereas there was no significant difference in gross

profit margin among T, T> and T4 (Table 8).

Table 8. Economic analysis (in USD) for each treatment. Data based on a 200 m? pond area and culture period
of 150 days. Mean values in a row with the same superscript are not significantly different (o = 0.05).

Variable Treatment

T T2 Ts T4
Seed 14.940.0¢ 14.540.0°¢ 3.8+0.0° 7.6+£0.0°
Feed 57.247.4° 58.942.3° 0.0+0.0 41.6+3.0°
Lime 1.7+£0.02 1.7+£0.02 1.7+£0.02 1.7£0.0°
Urea 3.9+0.02 3.9+0.0? 3.9+0.0% 3.9+0.0%
DAP 6.9+0.02 6.9+0.0? 6.9+0.02 6.9+0.02
Total Input 84.5+7.4¢ 85.9+2.3¢ 16.3£0.0* 61.743.0
Total Output 134.9+11.6" 135.6+7.8° 37.0+1.4° 124.0+2.7°
Gross Margin 50.4+8.2° 49.7+6.8° 20.7+1.42 62.3+4.7°
Gross Margin (ha™) 2521.4+411.8° 2483.2+339.1° 1036.9+£70.7°2 3115.6+237.5°

DISCUSSION

This study was carried out to expand the technology developed through AquaFish research on carps,
tilapia and sahar production as well as technology of monosex tilapia production to farmers in order
to demonstrate alternative fish production models. An on-station and an on-farm experiment on
monoculture and polyculture systems, using carp with the addition of tilapia and sahar was conducted
simultaneously, to determine the most practical system for farm adoption. In both trials, addition of
Nile tilapia and sahar had no adverse effect on growth and production of all carp species, or in pond
water quality. This result suggests that tilapia and sahar did not compete for pond resources with any

carp species.

In the on-station trial, the daily weight gain of mixed-sex Nile tilapia and sahar were 1.43 and 0.13 g,
respectively, which is comparable or slightly higher than in previous experiments. The daily weight
gain of Nile tilapia in polyculture was higher than a grass carp-tilapia polyculture system (0.2-0.5 g;
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Pandit et al., 2004), carp-tilapia-sahar polyculture system (0.63-0.70 g; Bhandari et al., 2016), tilapia-
sahar polyculture system (0.6-0.9 g; Shrestha et al., 2011), and tilapia-sahar polyculture system (1.15
g; Acharya et al., 2007). The quality of feed (low protein; 26.6% CP) may have also contributed to
slow growth of sahar. Sundar et al. (1998) reported better growth, survival, and FCR of sahar were
achieved from feed with 45.4% crude protein among diets with 21.4% to 50.2% crude protein. In a
similar study, Joshi et al. (1989) reported that 35% crude protein was best for growth and feed
efficiency of sahar. We used feed with lower crude protein levels (28%) in this experiment and may
have limited sahar growth. Good growth rates of all carp species were achieved in all carp treatments.
The average growth rate of carp species in all treatments was higher than reported by previous studies
in carp polyculture (Rai et al., 2008; Jaiswal, 2010) as well as in our previous on-farm and farmer's
field trials (Bhandari et al., 2016).

The combined gross fish yield in carp treatments (5.8-6.5 t'ha™"yr") was higher than the national
average of carp polyculture (4.9. thayr'") (DoFD, 2017). The hypothesis that addition of tilapia and
sahar would increase the yield and profit from polyculture ponds was supported in the on-station trial.
However, production and profit of monosex tilapia without feed was quite low. Diana (2012)
achieved annual yields of monosex tilapia about 5 tons per ha with only fertilizer inputs. Although the
production of monosex tilapia with feed was higher than all carp treatments and monosex tilapia
without feed treatment, this was still quite low than reported by Diana (2012). Although the growth
rate was satisfactory, the poor production of monosex tilapia in both feed and non-feed systems in the
present experiment was associated with poor survival of fish (67-70%, compared to over 90% in other
systems).

In the on-farm trial, growth, production, and survival of carps and tilapia were similar to the on-
station trial. However, the growth of sahar was higher (0.42 g fish™ day™') than the on-station trial
(0.13 g fish™ day™"). The daily weight gain of sahar in the on-farm trial was still lower than tilapia-
sahar polyculture systems (0.3-0.4 g; Shrestha et al., 2011) and growth rates achieved in other culture
systems (0.55-0.77 g; Islam, 2002). In the on-farm trial, the combined gross fish yield in carp
treatments (6.7-6.9 tha™'-yr'") was slightly higher than the on-station trial (5.8-6.5 t'ha-yr") as well
as the national average of carp polyculture (4.9 t'ha'-yr'; DoFD, 2017).

In both trials, the number of tilapia recruits in the carp-tilapia-sahar system was quite low. This is due
to piscivorous nature of the stocked sahar. Shrestha et al. (2011) reported there was a significantly
lower average recruit number and weight of Nile tilapia in treatments with sahar than in tilapia
monoculture. Jaiswal (2010) also showed that the average number and weight of tilapia recruits in
treatments with sahar was lower than with tilapia and carp only.

Water quality was not significantly affected by stocking densities of fishes in species combination of
carp-tilapia-sahar polyculture in ponds, as water quality parameters did not differ significantly among
treatments. Most water quality parameters in both trials were within acceptable ranges for fish culture
(Boyd, 1990).

CONCLUSIONS
The results of this study indicates that three of the culture systems (polyculture of carps with mixed
sex tilapia and sahar, carps with monosex tilapia, and monosex tilapia with fertilization and feeding)
performed similarly and enhanced productivity and income compared to the currently used carp
polyculture system in Nepal. Tilapia either in monoculture or in polyculture proved suitable
additional species in the aquaculture for Nepal. As carp polyculture is the established culture system,
adding species will be easier to adopt by fish farmers. While adoption of monoculture may be more
difficult, indications of higher production efficiency and profit will be the first steps in developing
that system. Inclusion of sahar in polyculture will also help in controlling tilapia recruitment in mixed
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sex tilapia culture where monosex fry is not available along with production of sahar, which will help
to conserve sahar populations.
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