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ABSTRACT

Biofloc technology (BFT) offers a practical way to reduce water exchange, improve feed use, and lower
disease risk in shrimp farming. We tested this system for Litopenaeus vannamei over a 90-day grow-out
cycle in Andhra Pradesh, India. Three 100 m? circular tanks were stocked with 250 postlarvae per m?
(initial weight 0.022 g). Molasses was added daily to maintain a C: N = 15: 1. Shrimp reached 18.6 g fi-
nal weight (ADG 0.206 g day!, SGR 7.3 % day") with 87.2 % survival and 5.1 kg m= biomass. Water
quality stayed within safe limits—TAN averaged 0.33 mg L', nitrite 0.12 mg L', and TSS 290 mg L!
—without any water exchange. Feed conversion ratio was 1.26, significantly lower than the 1.8 re-
ported for conventional ponds (p = 0.004). Benefit-cost ratio ranged from 2.96 to 4.77 depending on
cost assumptions. The system proved environmentally cleaner, technically sound, and economically at-
tractive for small-scale Indian farmers.
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Introduction

Global farmed shrimp production crossed 6 million tonnes in 2020, with Litopenaeus vannamei dominating
the trade (FAO, 2022) [!1. India now produces about 750,000 tonnes of this species annually, mostly in con-
ventional earthen ponds (MPEDA, 2023) [2]. But those ponds face recurring problems: ammonia and nitrite
build-up, frequent disease outbreaks (WSSV, AHPND, EHP), heavy water consumption (30,000-50,000 m?
per hectare per cycle), and poor feed conversion—FCR typically runs between 1.5 and 2.2 (Kumar et al.,
2019; Panigrahi et al., 2020) [3-4],

Biofloc technology (BFT) was designed to get around these issues. By adding a carbon source to raise the
C:N ratio, heterotrophic bacteria assimilate ammonia into microbial protein, removing nitrogenous waste in
situ without water exchange (Avnimelech, 1999; Ebeling et al., 2006) [5. 6], The biofloc itself becomes a
supplementary feed—crude protein ranges from 25 % to 45 % —and the microbial community can suppress
pathogens (Crab et al., 2012; Emerenciano et al., 2017) [7, 8] Several Indian farmers have adopted BFT, but
systematic performance data under local conditions are still sparse (Rathore & Kumar, 2022; Singh et al.,
2021) 19 10],

Materials and Methods

Location and setup

The trial ran for 90 days at a commercial facility in Kaikaluru, Andhra Pradesh. Three circular tanks (5m di-
ameter, 1.5m water depth, 100m* volume) were lined with HDPE tarpaulin and placed under a polycarbon-
ate greenhouse to keep temperature stable.

Water and biofloc initiation

Saline groundwater (25 ppt) was treated with sodium hypochlorite (30 mgL™") for 24 h, then aerated for 48 h
to remove chlorine. A commercial probiotic mix (Bacillus, Lactobacillus, Nitrosomonas) was added at
1 mLm=. Molasses (45% carbon) was dosed daily to maintain C:N=15:1, following Avnimelech (2015)
[11]; carbon required (kg) = feed (kg) X 0.35 X 0.05 X 1.5; molasses = -2

045

Stocking and feeding

Specific pathogen-free PL-12 postlarvae (0.022 g) were stocked at 250 PLm=2 (=4,908 per tank). A commer-
cial floating pellet (35 % crude protein) was offered four times daily. Feeding rate started at 15 % of biomass
and gradually dropped to 3 % as shrimp grew, adjusted weekly based on sample weights.
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Aeration and solids control

Each tank had a 1.5HP regenerative blower running continuously.
Dissolved oxygen was kept above 5 mgL~". Once a week, 30% of the
tank volume was drained into a settling chamber, the supernatant re-
turned after 2h, and the solids discarded. This kept TSS below
500 mgL-".

Sampling and analysis. Water samples were taken weekly at 09:00
from three locations per tank and pooled. Temperature, pH, and DO
were measured daily; TAN, nitrite-N, nitrate-N, and TSS were ana-
lysed weekly following APHA (2017) [12] standard methods. Growth
was monitored weekly by weighing 30 shrimp per tank. We calcu-
lated ADG, SGR, survival, FCR, and PER. Economic costs (postlar-
vae, feed, molasses, electricity, labour, depreciation) were compared
with revenue from shrimp sales at ¥620 kg™'. A one-sample #-test (R
Core Team, 2022) [13] compared our FCR with the conventional-pond
value of 1.8 reported by Kumar er al. (2019) [3]. Significance was set
at p<0.05.

Results and Discussion

After 90 days, mean final weight reached 18.6g (+1.1). ADG was
0.206 gday™' and SGR 7.3%day". Survival averaged 87.2% (+3.8),
and final biomass was 5.1 kgm= (0.3). All three tanks performed
similarly, so the system was reproducible.

Table 1. Growth and survival of L. vannamei under the biofloc sys-

tem (90 days)
Parameter Mean +SD  Range across
replicates
Initial body weight (g) 0.022 0.019 — 0.025
+0.003
Final body weight (g) 18.6 £ 1.1 17.5-19.7
Average daily gain (gday™") 0.206 0.194 - 0.218
+0.012
Specific growth rate 7.3+0.4 6.9-17.7
(% day™)
Survival (%) 87.2+3.8 83.4-91.0
Final biomass (kgm™) 51+0.3 4.8-5.4

These figures compare well with published work. Kumar ez al. (2019)
[3] reported 14 tol6g in 100-120 days from conventional Indian
ponds, shrimp reached market size 10 to 25 % faster. Wasielesky et al.
(2006) 141 recorded 0.18-0.22gday in biofloc nurseries, and
Emerenciano et al. (2017) [8] gave a global average of 0.19 gday™!
across BFT studies. Our ADG sits at the upper end of that range. The
SGR of 7.3 % is also above the 5.5 to 6.5 % typical of exchange-based
ponds (Avnimelech, 2015) (],

Three factors probably worked together. First, water quality stayed
stable (see below), so the shrimp did not waste energy on osmoregu-
lation or stress responses. Second, the biofloc itself supplied extra
protein Kuhn ef al. (2009) 113] estimated that flocs can cover 20 to
30% of daily protein needs. Third, Ekasari et al. (2014) 1161 found
that biofloc-associated enzymes improve digestion, which our low
FCR (1.26) also reflects.

Survival at 87.2% is excellent. Conventional ponds at similar densi-
ties usually return 60 to75 % because of disease and fluctuating water
quality (CIBA, 2021) [17]. We saw no disease outbreak during the
trial. The zero-exchange protocol kept pathogens out, and the micro-
bial community probably stimulated the shrimp’s immune system—
an effect noted by Bossier et al. (2017) 18] and Crab et al. (2012) [7],

Water quality

All measured parameters stayed within recommended limits (Table
2), and we never had to exchange water.

Temperature varied little because of the greenhouse cover. pH drifted
downward from 7.9 to 7.4 over the 90 days,normal in biofloc systems
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due to respiratory CO, (Avnimelech, 2015) [11]but never fell below
7.1. DO averaged 6.2 mgL-', well above the 4 mgL-! threshold.

Table 2. Water quality over 90 days (mean £ SD, n=36 samples)

Parameter Mean+SD  Range Safe limit
Temperature (°C) 28.7+1.3 26.2-31.5 26-32
pH 7.6£0.3 7.1-8.2 7.0-8.5
DO (mgL™) 6.2+0.5 5.5-7.2 >4.0
TAN (mgL™) 0.33 +0.06 0.24-0.48 <0.5
Nitrite-N (mgL™) 0.12 +0.04 0.07-0.19 <0.2
Nitrate-N (mgL™) 45+2.1 0.5-6.8 <50

TSS (mgL™?) 290 + 110 95-455 <500

TAN peaked at 0.45 mgL~' during week 2, then settled to 0.28—
0.35 mgL-". The early peak is typical; the heterotrophic community
takes about two weeks to establish. After that, ammonia assimilation
kept pace with feed inputs. Nitrite remained under 0.2 mgL™!
throughout, and nitrate accumulated only to 6.8 mgL-',far below the
50 mg L' considered toxic. These nitrogen levels are a clear improve-
ment over conventional ponds, where TAN often exceeds 0.5 mgL™"
and nitrite spikes above 0.2 mgL-! (Rathore et al., 2022) [?].

TSS rose steadily from 120 to 410 mgL™" as the biofloc matured.
Weekly settling of 30% volume kept it below 500 mgL-'. Had TSS
gone higher, we might have seen gill occlusion or reduced feeding,
but our management protocol worked. Overall, the system cut ni-
trogenous effluent by roughly 90% compared with conventional
ponds (Panigrahi et al., 2020) [4].

Feed efficiency and economics

Total feed added per tank averaged 187 kg. FCR came out at 1.26
(+0.06), and PER was 2.04 (+0.10). The one-sample f-test gave
t(2) = —15.6, p = 0.004, confirming that this FCR is significantly
lower than the 1.8 typical of conventional systems (Kumar et al.,
2019) 31, Our value sits at the lower end of the 1.2—1.5 range reported
for biofloc systems worldwide (Emerenciano et al., 2017) 81,

The reasons for this efficiency are not mysterious. The biofloc con-
tributed protein directly, so the shrimp needed less formulated feed.
Stable water quality meant less metabolic drain. And the microbial
enzymes improved digestibility, as Ekasari ef al. (2014) 1] demon-
strated. Emerenciano et al. (2017) [8] noted that BFT systems retain
30-40% of feed protein versus only 15-25% in conventional ponds
—our PER of 2.04 fits that pattern.

Table 3. Economics per 100 m? tank (one 90-day cycle)

Cost item Amount (%)
Postlarvae (4,908 @ ¥0.50) 2,454
Feed (187 kg @ ¥90) 16,830
Molasses (10.9 kg @ ¥30) 327
Electricity (1.5HP x 24h x 90d) 32,400
Probiotics & chemicals 5,000
Labour 20,000
Depreciation & maintenance 30,000
Total cost 1,07,011
Revenue (510 kg x ¥620 kg")  3,16,200
Net profit 2,09,189
Benefit-cost ratio 2.96

At a shrimp price of 620 kg™, net profit per tank was about ¥2.09
lakh. The BCR of 2.96 is conservative; if we use the original cost as-
sumptions from the synopsis (lower depreciation or electricity), the
ratio reaches 4.77. Either way, the system is profitable. Singh et al.
(2021) 191 reported BCRs of 1.5-2.2 for farmer-adopted BFT in
India. Our better performance comes from a lower FCR and a higher
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market price. Even if shrimp prices dropped to ¥500 kg™, the BCR
would stay above 3.8 . For a farmer with four tanks and three cycles
per year, annual net profit would fall between T12 and 15 lakh, with
a payback period under one year. Government support under PMMSY
would improve the numbers further.

Conclusion

Biofloc technology performed well for L. vannamei under the condi-
tions typical of Indian shrimp farming. Over 90 days, shrimp reached
18.6 g with 87 % survival, FCR of 1.26, and a benefit-cost ratio be-
tween 2.96 and 4.77. Water quality remained safe without any ex-
change, and nitrogen discharge was drastically reduced. We recom-
mend that farmers adopt BFT with proper aeration, regular solids
management, and disciplined carbon dosing. Extension agencies
should update training materials with these benchmarks. Future re-
search should examine alternative carbon sources, longer multi-cycle
runs, and integration with renewable energy or automation.
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