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Figl : Schematic diagram showing the concept of biofloc in a grow-out system

What is bio-floc technology?

Intensification in aquacullure
operations proceeded from clear water
system with proper feed management
to zero water exchange because of many
advantages including the biosecurity. As
part of the concept of delivering high
productivity with sustainability, many
concepts like bio-floc and periphyton
based farming system are being evolved.
Bio-floc technology (BFT) applied to
aquaculture is based on the concept of
the retention of waste within the culture
system and its conversion to bio-floc as
a natural food. Bio-floc is the
conglomeration of heterotrophic
bacteria, algae (dinoflagellates &

Hotarolroph \
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diatoms), fungi, ciliates, flagellates,
rotifers, nematodes, metazoans and
detritus which acts synergistically to
maintain the water quality in aquaculture
units, for the reduction of the water
exchange and for reutilisation of the feed
and reducing the production cost. In the
recent past, even those engaged in
intensive farming system employ this
technology using some kind of biomats
and supplementing with carbon addition
to manipulate C:N ratio. Bio-floc is rich in
essential nutrients that can support and
e?hance growth of shrimp along with
bioremediation of the nitrogenous
metabolites. As the fish/shrimp ponds
are rich in microbjal community, the
inorganic nitrogen added through the
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feed can be assimilated by the floc:

organisms and convert the floc in¢
microbial protein through an adjustm
of C:N ratio. There is a need for
aeration and agitation of th
column and addition of carbon
as organic matter substrate to
aerobic decomposition and to ma
high levels of microbial floc in susp
in fertiliser-fed and/or fertilised p

In India, with the introductions
Litopenaens vannamei and its perms
stocking density of 60 pc/ sq ™
production of 10-12 tonnes per ha
achievable. This production leve
is capital intensive, requiring & =
Rs.12-15 lakhs of investment/ ha. A5
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b ion system in the commercia|
;-’-“'1 o of L. wvanianer? A highur
f'-']t?:inun of 16-18 tonnes of Pengeys
F,-Lh-"-f“” and even higher level of i..
.;.15:';!”[,’- has been achieved in India
._-j..'.-]m i suL‘STTJ‘}f based technique
‘";E carbon adflilllt‘.ll'l was practised
“'., wilh very high aemh_{m rate, On
;Inl- Egr.h*”' hand, low input angd
;;:Ti}m}rtml_bﬂwd“Ernw—nut trial of p.
A odon at LTIBA have been
hé;ﬂﬂﬂf‘”“w{] to give a better yield and
s mmjsw;j,ﬂ}r at a stocking density
petieen 6-10 pe/ 5q m (Anand et al., 2012)
There was substantial gain in the
sroduction as well as FCR by following
hese techniques where yeast-based
atracts and other carbohydrate sources
or periphyton were Iused. In another
stempt, in extensive system, the
appﬁﬁaﬁnn of carbohydrate addition at
3 Jow as 6 pc/ sq m stocking, even
without aeration has shown merits with
p production level of 65g/ sq m (Hari er
gl, 2004). These authors showed a
mduction in the TAN and other
nitrogenous metabolites with
arbohydrate addition and in turn a
surge in the heterotrophic population.
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Principle: The bio-floc principle
combines the removal of nutrients from
the water with the production of
microbial biomass, which can in situ be
used by the cultured species as
additional food source. Under optimum
C:N ratio, inorganic nitrogen 18
immobilised into bacterial cell, 1.-:.rh:]E
organic substrates are metabuhlsed.
Some aquaculture species ‘like shrsm[;:j
tilapia can use the microbial flocs an
utilise the microbial proteins, dnub]mge
the feed protein efficiency. In thE;E
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Bio-floc based Technology (BFT)

Designing and  engineering
consideration: In the pond system, the
well prepared lining of pond can be used
for effective ulilisation and preventing
erosion of dykes as very high aeration is
required for bio-floc based system.
However, carthy ponds also have their
merits as far as interaction with soil
phase and effective nutrient release is
concerned. There is a need for sludge
removal faclity to serve as an effective
control measure of the organic lf:ad'mg
gcner-atcd in the system. Bio-floc
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HFTS l-’”""“’ § suitable and stocking donsity:
T huﬂahl_e tar species like L. pammmm, .
which are effective a1 utilising ;
productivity/flocs. Other <n ; .m-m"al
At s Lther species Jike P.
Lo Wirostris and Macrobrachimg
SPecies. may nol be so suitable for thie
purpose, al high ' : :
highpur sluckin;deﬁ:rlmwl 'G'ﬂhra]']!“
i h sity is suilable for
adnpl.mrj of this technique as enough
organic input is available and also the
shrimps can help in stirring the pond
bottem. Stocking to achieve 10-30 mt of
shrimp ( ha or 1-400 mt/ha for fish can be
supported by following this lechnology.
Again, a stocking of 100 pl/sq m under
bio-floc was found to reduce protein
requirement substantially, although still
expecling the same growth paltern and
better survival to a considerable extent.
In contrast, there are reports where bio-
floc system can be operated with as
minimum as 6 pe/ sq m, aiming a higher
growth.

Environmental requircments for BEL:
BFT works under zero water exchange
too, which also makes the system more

Shrimp density: Thg shrimp/m’ (10 tons/ha)
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bio-secure. In floc system, ammania 1>
consumed by bacteria and nitnte
increases, with telerance upto a higher
level. There is a need to correct lht:
declining  alkalinity which musl be
maintained at >75-130ppm. Another
important requirement in the bio-flot
system is to meel high oxygen demand,
There will be also need o resuspend I.]m
acrator of aspirator type at the sludge p1||;‘-_
Typical aeration requirements are 1 I:H{
350-400 kg shrimp biomass. The bio-floc
sytem requires high acration/mixing with
aerators, and use of blowers not only to
provide DO, and remove CO, but also to
keep bio-floc in suspension and prevent
production of nitrogenous melabolites,
sulphides and organic acids.

Feed Protein level and feeding rates:
Based on observations of feeding
behaviour of fish/shrimp in the BFT
treatments during the first several days
and rationed at 3-1.5% of the total
standing biomass daily, feeding rates are
to be adjusted depending on the day to
day consumption and sampling. Daily
feed rations are to be split into two to
five times to be given at adjusted interval,
Carbohydrale source is to be also added
at an appropriate rate applied to BFT
lanks to maintain an eptimum C:N ratio
of bacteria (Avnimelech, 1999).

Feed cost can substantially be reduced
by reducing the protein level in feed. Even
in the case of L. tannamer, the growth and
survival is reperted to be equal or belter
at 20-30% protein (7% lipid) than 40 % in
commercial closed pond systems due to
enhanced nutribion on flocs and reduced
N-wastes, The guiding standard is that
around 95% of N added to pond is from
feed/fertilisers and more than 50% of N in
feed 15 released into the environment.
One should lower protein content to
achieve pood C:N ratio and reduce
production of N-waste. At <25% feed
protein, heterotrophic removal of TAN
starts to dominate over autotrophic
activity,

Pond preparation for biofloc based
farming: There are different approaches
to prepare the pond for bio-floc based
shrimp farming depending on the design
and compatibility of the system, the
specics to be cultured, inten_sity of
farming and the buffering time for bia-
floc generation. Further, the system can
operate with complete bio-floc or semi
bio-floc mode with or without integrating
substrates for periphyton growth. Ponds
are prepared following the Standard
Operating Procedure (SOP) like drying,
ploughing refilling the ponds with aged
(minimum for 4-5 days) and disinfected

most stable but g

_Ipwar_tl_u_z Teed protein |

100 1

rater }T'f'-'-’i"‘”h | binsecurity
i nd adhering blogm 15
sereen @ tatrophic

ith nitrogen ane
Urea + 2-6 kg

i or in combinalion
TSP/ fertlisers A% CE ors The pH s
B “-I [iming with Jolomite or
mni”m:TUl?ml;'? [|'I|nlhl.f' beginning, nilrﬁ!‘*’:‘ir:
:“:h'].ﬂit:lmilil up by using Itle.rjl\“r(:?—l'g]
oV I :L‘-SL]L:ISCLI‘]EI.L Y. :
“?;:::IL;:I ::tr;:iitu 15 aF‘P!i:-c] d:jplulr-.luj]ulg
:':nlﬂﬁe feed quantilf" 'm'j-l “1:1?_1:?1} ;;I: be
4 high C:N rabo ol
::;:m!*-:::ﬁi ta stimulate th?':f-uil?c'si
Typically ponds start a1.11'urrt:jl’ b :.-\.-a);er
afgal dominated and atter few ?y]b:vehr
tifms brow s ang {Uam{l; Shﬂe?;: :m(t;-::rphii
system goes mostly HE o
fvr:ILn:i murE?nlgae, Ammonia 19‘-’91}' ”?“;
peak and then fall, following th? nse nd
;mrit.;- which stabilises after someime an
is controlled by adding more C. Tr ﬂ"-‘"'mgn
from algae to bacteria stimulated }i
adding molasses every 1-3 days interva
for 2-3 weeks, Once heterotrophic
population establishes, the _nwlasst!ﬂ or
other carbohydrate addition can be
regulated to keep high C:N ratio baslizr]
on the TAN level and the feed quantity.
There can be modification in the process
il 1he purpose is to generate bio-floc in a
shorter duration. If the nursery reared
juveniles are stocked, feed quantity is
high enough to quick start the bio-floes
with addition of good amount of
carbohydrates. To hasten the process bio-
floc inoculum from other ponds or in its
preserved form can also be applied.
However, eare should be taken before
using any commercial inoculum for this
purpose. Heavy aeration is required for
keeping the floc under suspension. Pond
liner allows easier maintenance of floc in
suspension and avoids dead spots and
stops accumulation of inorganic material
from pond banks/walls caused by
excessive water circulation,
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Carbohydrate addition: CHOs are
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Managentent and Coptygy i
Floc management is basicarf‘rmﬁh‘i
keeping in mind the needs qf the b,
and not the shrimp, a5
bacterial biomass is 2-5 timeg i tota)
the shrimp. Floc volumes :ﬂ: i
measure 2-4 ml/l is first 1.0
6-20 ml/l later. Total soluble solig \
be managed to be less thay 3005 Shoylg
mt/ha) to reduce aeration quu];PPm B
With C addition, TAN cap b, Iir:ﬁ?.nh
(.5-1 ppm. pH should be ‘-"Dntn;.j}t['d~
addition of lime fdn]mnitwblcmﬂt y
and betler alkalinity should ile
maintained. be

Controlling the unrepulaed .
of bio-floc in the pond S}rEtEm o rE;:?m
to avoid a number of critical Prﬂbl.a-nﬂi
like declining oxygen level and increas,
in sludge. So, proper handling of ¢
addition and feeding quantipy and
schedule as per the standing biomags ;.
required for having a control ower ki
floc generation.

Other Characteristics of Bio-floc: Ore
important property of bio-floc is their b
control effect. Among the impottant
micro-organism groups, algae utilise foic
total ammaonia nitrogen (TAN), as well
less dangerous niltrate-nitrogen and
phosphate compounds to construd
cellular structures such as proteins and
sugars. Again, certain groups like diatoms
are nutritious and can benefit shimp
production by contributing qualities such
as essential amino acids and hight
unsaturated fatty acids. Many pathogens
in aquaculture have been found 10 contio!
virulence factor exprassion by quors?
sensing. It is hypothesised that !
“nattiral probiotic” effect in bie-floc €

act internally and/or externally “E;‘;ﬁ;

ie, to Vibrio sp. and other disease be
ving

asites. Bio-floc €t
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sludge removal facilipy G Abril 2013, Vi S
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I;E I'ulirn%'-;ed at higher stocking density (30-
PE 89 m), whereas periphyton hase

farming can be ado ted [ e
mput i:asr:d Ia;n1ir]-f. & ; rl ¥ t'xten.q.we s
stocking and even uE" i 9 o lL"w

Ing iith no provisions for
aeration. Even in low input based farming
systems addition of molasses or uthe?
veast derivabives are being followed by
farmers to have good bacterial population
and stable plankton bloom. Microbial flocs
were produced in sequencing batch
reactors (SBRs) using fish farm effluent
and sugar as a growth media. Further,
for the recirculatory aquaculture system
with super intensive stockings, microbial
flocs produced in suspended growth
bioreactors could offer the shrimp
industry a novel alternative feed. The
continuous crop of shrimp obtained in the
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1 Doubling the protein utilisation, as
shrimp use proteins twice - eat feed
and then consume flocs; |

Avnimelech, Y., 2007, Feeding wilh microbial

Aocs by filapia in minimal discharge bio-Moes

technology ponds, Agquacoliire 264 140-147

\ Bio-floc -fed shrimp have less, but

more of diverse gut flora that reduce

pathogens, and i
Avnimelech  Yoram., 2011 Bio=iloc

Technology A Practical Handbaok Second

{ Reduced costs (13-20% lower cost of
Edition.

production) including 30-50% cost

savings in feed, Hari B, B. Madhusoodana Kurup, Johny T,

Varghese, |W, Schrama, M.C.] Merdegem,
2000, The effect of carbohvdrate addition on
waler quality and the nitrogen budget in

Additional advantages yet to be fully
established:

extensive shrimp culture systems. Agurculinre

| - Enhancing digestion (with enzymes 252 (248- 263

and growth promoters) ,
Punigrahl A, Kiron ¥, Sateh &, Hirono 1,

- Role in i : ; i ~tochniague i 5 3
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to elucidate this concept. It is required fo
understand further the principle of this
microbial intervention to reap maximum
benefit from these potential techmiques
across the farming systems and
intensifications,

Clncorifmcines mykiss upon probiolic feeding.

. Prabiotic action - reducing pathogenic
Fe &F & Dew, Cont, Lol JU(4), 372361

bacteria (vibrios),
CIBA report (compiled by Panigrahi; A 2013,
Hitide Sealarms' Innovative Approaches o
Shrimp Farming, www.ciba res.in. L e L

c Virus Removal putentiai of bacterial
flocs to remove viruses from water
requires further investigation.

Concultation Workshop on Self-Sufficient and Sustainable Aquaculture in North Easterf Rogion

He expected that  the Directors of Fisheries Departments
from different north eastern state who

workshop 00 jnerease in production.

One day consultation i : i & :

"Su,-lf-suffi};ient and sustainable i_-mciuchun of fish will mcrce.sﬁ_guz:::;g b L orcedl kewn
aquaculture in North Eastern region” 2t futu re. Welcome E ddrE;?:; ':::S; L"fFA Dr interest on the technologies devEISPEd
¥ - B i i . [
; iala on 5% By Dr T Jaysankal, ZAze CLEA. S CIFT and were eager to adopt
Er_ag}'“" f[:;ivanai :fg:"lhed by the D};lip Kumar, Advisor M'}’i?“'}.m;tfi :I:em Mr.Manik5arkat hon'ble Cl;llr:t
ebruary was i ; e avad -a speech 0O = e e ad a briet meeting

: 3 r delivere | i ; Tripura had a
Central Institute of FTEﬁ'hWME 3’50 ion. Representing CIFT Dr. MM M-mMJ:;- ‘-Lr J'T:’.'Emi Debbarma and Dr.
Aquaculture, Bhubaneswar lr; m:::ns:d .PS& Sic and Ms. Jesmi with Miss -! e apprgciﬂtk’-d warks
rtment ol Prasad, tist has parli:ipated in  NM.M Prasad i bkl Cehnsal

tollaboration with Depa ¢
Fisheries of Tripura Governmefﬁﬁ
Hon'ble Chief Minister, Mr. Mani
Sarkar inaugurated the workshep in te
presence of Fisheries M.lnlsl'fer
ShrikhagendraJamatia and ot EZ
dignitaries. In his inaugural addf"-‘Ejirth&
Sid that Tripura has demonstate .
SUccessful - development of n
Muaculture in the region an it

N increasing per capita procuny

lish to reduced dependence o1
Mher states. He said the perb 17 k
nsumption has increased Up 10 &

“hich was & kg earlier, which is due e

Debbarma, Scien
the workshop.

an was followed

imall aral sessl e
The ina Ef xhibition and visit of

by opening Of EXWIDL AT o all the
It of CIFT. Other

cralls that included SR 0 ors of
es namely S ent
dignitart epartments of difter

AR Institutes,
Sate
from e

carried oul by
cpssion as 4 pa
{ntervenbions
o purmnisiem
n‘Suntahun

develupmen: of B
farvis! t'iz-'.]_wnﬂ- 1
slates” Atle_r !h;..T
tpchnical s plu;
held. Meeting canie to :
wole of (hanks from

CIFA.

rl ol technological
experience  an
[r. Prasad made s
an * Roadmap lof
of harvest and past
p north pastern
n.'qsmphflinn al
py Eossion wias
conclusion with
he Directar l._r\f

ok




