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Abstract

Soil and water interactions and their influence on
growth and production in different densities (SD8 &
SD161 under zero water exchange were studied in
two successive crops of Penaens menodon in Tamil
Nadu, India during 2007 and 2008, Scraping and
tilling during pond preparation increased the miner-
alization rate than scraping only. During crop, there
s no significant difference in sofl organic carbon
and total nitrogen between the Shs. However, as
the crop progressed. organic carbon and total nitro-
gen content of the soil showed signilicant difference
under both the SDs. Between the SDs, nitrate and
phosphate content in water significantly differed,
whereas the progress of the crop significantly
mereased both avatlable and total nutrients, Mass
balance of nitrogen indicated that applied feed con-
tributed to 97.4-98,5% of input nitrogen. of which
nitrogen in sediment uccounted for 16,5 27.3%.
nitrogen recovery in shrimp was 34,2 43.6% and
the nitrogen lost through denitrification and volatil-
iztion varied from 4.7% to 34.7%. Zero water
exchange system s highly efficient as nitrogen
recovery is higher in shrimp and lower in discharge
warler, Lack of significant difference in metabolites
between the SDs indicates the role of aeration and
probiotics in sustaining SD16 cultures,
Keywords: shrimp stocking  density,  culture
practices, soil and waler quality, nitrogen budget

Introduction

Properties of sediment and processes occurring at
the bottom soil and in the soil water interface are

more critical for shrimp than for any other agua-
culture species because shrimp spend most of their
time at the bottom, burrow into the soil and ingest
deiritus from pond-bottom soil (Bovd 1989: Chein
19%89). Mineralization and its rate in soil/sediment
decide the availability of nutrients in water and
consequently, the natural productivity and thus
success of extensive and semi-intensive system of
farming. Pond water and sediments interact con
tinuously and influence the farming environment.
Pond management  activities such  as  feeding,
water exchange. and aeration also affect the farm-
ing environment (Funge-Smith & Briggs 19981
Consequent upon the viral disease outbreaks, espe-
cially White Spot Syndrome Virus (WSSV) since
1995, the farmers have started adopting reduced
watter exchange to aveid horizontal transmission
of virus into their culture system.

The nutrient dynamics of such a ‘closed’ system
ol Tarming is likely to be different from the ‘open’.
high water exchange system of farming. During
the recent years, a number of studies have been
conducted on the nutrient budgeting under vari-
ous systems of shrimp farming, in view of the
environmental concerns and nutrient loading in
1994;
Pacz-Osuna, Guerrero-Galvan, Ruiz-Fernandez &

receiving waters (Briggs & Funge-Smith

Espinoza-angulo 1997: Jacksons, Preston. Peter &
Burford 2003; Thakur & lin 2003; Wahab, Berg-
heim & Brasten 2003). Nitrogen waste outputs in
various forms are generally of concern in the mar-
ine environment because of Hs dual role, as a
nutrient and toxicant (Persson 1991). Experimen
tal studies indicate that feed inputs during the
production cyele account for the bulk of nitrogen
inputs  to shrimp  ponds

Ny Briggs &
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Punge-Smith 1994; Jucksons et al. 20031 Much of
the nitrogen input is not incorporated into shrimp
tissue, but enters the water column as total ammo-
nin nitrogen (TAN), is taken up by phytoplankion
and. with their death, seites on the sediment as
particulate organic nitrogen. Alternatively. nitrogen
input is deposited directly as uncaten feed or facces
(Burford & Williams 20011, Part of the shudge nitro-
gen s remineralized 1o enter the water column
again as total ammonia nitrogen. The purpose of
drying pond bottoms between crops is to reduce the
motsture content of soil 50 that air can enter pore
spaces among soil particles. which iy turn enhance
aerobic decomposition. This will lead 1o the decom-
position of most of the labile organic matier
remainingt in the bottom soil from the previous crop
and to oxidize reduced inorganic compounds (Boyd
& Pippopinya 1994} Such recycled nitrogen may
account for bulk of the total ammonia witrogen
input into the water column fate in the production
cyele (Burford & Long more 2001

Many studies have been conducted under water
exchange systems to understand the changes in
patural productivity in relation to pond environ-
ment and nitrogen budgeting (Hopkins, Hamilton,
Sandiier. Browdy & Stokes 19913 Martin, Veran,
Gueloget & Pham 1998 Guerrero-Galvan, Paez-
Osung, Ruiz-Fernandez & Espinoza-Angulo 199%
Tookwinas & Songsangjinda 1999 Gross, Boyd &
Wood 2000;  Teichert-Coddington. Martinez &
Ramirez 20060 Lemonnier & Faninoz 2006 Shah,
Hossain, Begum, Ahmed, Ohtomi, Rahman, Alam,
Islam & Fulanda 2008). However. there are no
many  comprehensive studies  with  holistic
approach to bring out the interaciion between soil
and water productivity with  nitrogen dynamics
under zero waler exchange system. Hence. this
study was carried out 1o understand the effect of
stocking densities and different management mieth-
ods on water and soil interactions, growth and
production in commercial zero water exchange
culture of Pemgeus monodon. The nitrogen budget
was also estimated and was compared with other
system of farming to evaluate the level of nutrient

loading in source water.

Materials and methods

Farm details and management practices

The study was carried out in P monodon ponds,
each with an area of 0.62 ha and water depth of

& 20012 John Wiley & Sons 14d, Aguaciltare Resetrdh, 43, 15751588

Table 1 Culbture and production details during the crop

2007 (CR 1) 2008 (CR 1)
Farm1 Farm2 Farm1  Farm 2
Stacking density OO0 1HOO00  BOOOD 1EHORK
(FL ha Y
Days of culture (DOC) 135 135 108 102
Survival (%) o0 Bt 80 8
FOR' 1.03 1.43 1.2 134
Moan body a0 25 25 22
weight (g)
Production 2000 3560 1920 2060
{kg ha '}

“Winter crup of 2007 and 200,
Feed conversion ratio.

1 1.5 m during the winter (August 10 December)
crop of 2007 (CR_D and 2008 (CR 1 under two
different stocking densities viz., SD8 (8 no. m W
and SD16 (16 no. m %) The ponds were located
at Mahabalipuram, Kancheepuram District, Tamil
Nadu and the water source was from Edayur back
water connected  with  Buckingham canal, The
experimental ponds were allowed to dry afier the
harvest during January 1o May. In CR _I, scraping
was performed dunng pond preparation. whercas
in CR I, both scraping and tilling were performed.
Liming was performed in all the pongs at the rate
of 750 800 kg ha ' Stocking  was performed
with Pl of P monodon at hoth SD8 and SD16
ponds. No water exchange and fertilization were
performed  during the crop pericds of both the
crops. Acration and water probiotics were provided
only 1o SD16 ponds, Acration was provided with
paddle wheel acrators b numbers/ha), at the rawe
of 6 hday ' from 60th day, 10 hday * from
goth day and 1.2 h from t05th day until the bar-
vest. The shrimps were fed commercial pellet feed
throughout the crop in both the practices. Soil
autrient levels during fallow period and crop per-
jod were estimated at monthly intervals and water
putrient levels during the crop were estimated at
Culture  and  production

fortnightly  intervals.

details are given in Table 1,

Sampling and analysis

Aquatic sediment samples were collected from the
upper 5 cm layers of pond bottom using core sonl

sumpler. This laver was selected for sampling

because 11 is  more  reactive where  complex
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chemical and microbial changes vecur and has a
areater influence on water quality than deeper
layer (Masuda & Bovd 1994: Munsiri, Boyd & Ha-
jek 1995 Krishnani. Rajendran. Joseph & Gupia
19971 Soil samples were collected once in a
month during both fallow and crop periods and
were analysed for organic carbon by wet combus-
tiott method (Walkley & Black 19341 and total
nitragen by Macrokjeldabal method (Piper 19661,
Available nitrogen and phosphorus content were
determined by alkaline  permanganate  method
iSubbiah & Asija 1956 and Olsen method {(Olsen,
Cole and Watanabe 1954) respectively.

Water sumples were collected in all the ponds at
fortnightly between  07:00  and
O8:00 hours in 500 mb polvethvlene bottles for
the analysis of pH, ammonia-N, nitrite-N, nitrate-
N and soluble reactive phosphorus and  were
analysed mmediately in the laboratory, In situ

intervals

measurements  were done for temperature and
salinity using thermometer and hand refractome-
ter respectively. pH was determined as described in
APHA (19891 Water nutrient parameters like
nitrate-N. ammoniia-N, nitrite-N and  reactive P
were analysed by standard methods (Strickland &
Parsons 1972). Nitrogen budget was calculated for
both the stocking densities based on the input
{nitrogen in the form of water and feed) and out-
put {shrimp uptake} including wastage.

Preregquisites to achieve a reduction in nitro-
gen waste and increased recovery in shrimp are
a  quatitative  understanding  of the  nitrogen
mass balance budget and a detailed understand-
ing of the different forms of input and output
nitrogen.  Input nitrogen  included nitrogen con-
tent in inlet water and feed pellet nitrogen (farm
records  for  feed  addition).  Output  nitrogen
included nitrogen content in water and sediment
at harvest time, shrimp nitrogen and  nitrogen
lost 1o atmosphere. The nitrogen losses through
denitrification and  veolatilization  were  estimated
indircetly  as  the  difference  between  nilrogen
inputs and outputs. The input and output were
calculated as follows: .

Input water nitrogen
Nitrogen concentration in inflow water

< volume of inflow

Feed pellet nitrogen
Nitrogen concentration in feed
= total weight of feed

Ouiput water nitrogen
= Nitrogen concentration in outflow water
=« volume of outflow

Shrimp nitrogen
= Nitrogen concentration in shrimp
* weight of harvested shrimp

Statistical analysis

Soil and water parameter variations with days of
crop and stocking densities were analvsed statisti-
ally using anova and Duncans Multiple Range
Test (DMRTY All the statistical analyses were per-
formed using sess (V) 16 software package (SPSS
Inc.. Chicago, I, USA)L

Results and discussion

Mineralization of soil nutrients during fallow
perind

During the allow period, organic carbon content
of the soil reduced gradually (Fig. 1) in both the
crops and stocking  densities (0.09 0.12%). The
decrease in organic carbon content was due to
microbial mineralization of organic matter present
in the soil {in the form of animal excreta, dead
organisms ete) and release of nutrients in the
available form. Metabolic products  of  aerobic
decomposition of organic matter are carbon diox-
ide. water, ammonia and other nutrients like
nitrogen and phosphorus (Boyd, Wood & Taworn
200 2a). The main benelit of keeping the pond soil
fallow is to reduce oxygen demand of bottom soil
as much as possible before beginning of a new
crop. The S-month fallow period registered a 35%
reduction i organic carbon content before CK |
crop, whereas the same recorded a 26% reduction
before initiation of CR I crop. The difference is
mainly due 1o the higher initial levels ebserved in

Feb My Aprd
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Figure 1 Mean values of organic carbon content dur-
ing fallow period.
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CR 1. The pond preparation was initiated in both
the crops in May with scraping of surface sediment
and liming. In addition to this, tilling was per
formed before initiation of CR I After the pond
preparation, in CR_L there was no reduction in
the organic carbon content of the soil, But in
CR L where tilling was also performed, there was
a turther reducton of 25% of the organic carbon.
i spite of higher organic carbon content at the
beginning of fallow period of CRUIL there was no
significant variation in organic carbon  content
(018 0.21%) between both the crops and both
densities, mainly due to the enhanced mineraliza-
ton in CR 11 due to tilling. In wet soil, tilling
probably sustains the mineralization process lor a
longer period and makes it more efficient. In dry
sofl, this could be due 1o the dilution effect of mix-
ing of high organic carbon content of surface taver
of soil with deeper soils of low organic carbon con-
tent (Boyd, Wood & Taworn 2002b).

Deying of the pond bottom after the harvest led
{0 a reduction in both total nitrogen and phospho-
rus content of soil. The average total nitrogen

decreased from 535 to 400 mg L and average

total phosphorus from 2538 to 196 mg L .
without significant variation among both the den-
sities and crops. In contrast, the available nitrogen
and phosphorus levels increased during the miner-
alization process, Available nitrogen increased from
18% to 26% of total nitrogen and the available
phosphorus increased from 33% 1o 46% of total
phosphorus (Figs 2 and 3). Available nitrogen con-
tent did not vary between the densities because of
similar rate of mineralization under same environ-
ment condition. Boyd et al. {2002a) observed that
the mineralization rate in soil will increase up to
the optimum moisture content and then decline i
soils are dried further. Hence. drying for longer
than optimum period will not be useful for mineral-

dam Fik
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Figure 2 Mean values of changes i nitrogen content
during lallow penod.
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Figure 3 Mean values of changes in phosphorus con-
tent during fallow period.

ization. In the present case. the drying was per-
formed for 4 months before initiating the pond
preparation and the rate of mineralization during
the different months was not significantly different,
suggesting continued minerabzation.

During the fallow period, when mineralization
of the accumulated waste is taking place. the
mean values of pH of the soil gradually reduced
from 8.45 to 7.4 for both the swcking densities
due to carbon-di-oxide formation as an end prod-
uct of decomposition. The reduction was minimal
and well within the optimal levels. However, with
the application of lime during the pond prepara
tion in the last week of May, pH was restored back
to the normal range of 8.3 8.4, In the present
study, the reduction was minimal and well within
the optimal levels,

Mineralization of soil nutrients during crop

Uneaten feeds. fertilizer, dead bodies of aguatics
and phytoplankton deposited in the bottom sl
constitute the pond sediment. Irrespective of the
crop and densities, organic carbon content in the
sediment increased during the crop period due to
the accumulation of excess feed, metabolites, ani-
mal excreta, ete (Fig. 4} Significantly higher level
of increase was observed during the 3rd and 4th

{Rganic catbon (2]

ixy Hov

B SDs LI SDie

Figure 4 Mean values of organw carbon content dur-
ing crop period
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month of crop commensurate with the increased
level of biomass and feed used. Such enrichment
of bottom soil with organic matter in shrimp
ponds has been reported by many authors {Magu-
ire & Allen 1986 Boyd 1992; Bovd, Tanner,
Madkour & Masuda 1994 Smith 1996: Martin
et al. 1998). Furthermore, there are reports that
the accumulation of organic matter is density-
dependent (Briggs & Funge-Smith  1994: Smith
1996 Paez-Osuna ef al. 1997 Martin ¢f al. 1998;
Istam & Alam 2008). However. in the present
study. the increase was not significantly different
hetween the densities SDS and SD16 (P - 0.05),
This was mainly due to high rate of decomposition
amnd mineralization induced by agration in SD16
ponds. Hence, proper acration is one of the most
critical management requirements in SD 16 ponds
not only considering the oxygen demand of the
stock, but o induce the process of decomposition
and mineralization,

Stmilarly, during crop. total nitrogen level in
pond soil increased by 100 ppm in 4 months in
SDE ponds and by 140 ppm in S 6 ponds. The
increase in total nitrogen content was significantly
different between the months (£ < 0.05), but not
between the densities (P > 0.05). The expected
increase in total nitrogen content in SDI6 ponds
with higher feeding did not occur mainly because
of the maintenance of adequate dissolved oxvgen
levels through aercation and use of probioties (Hop-
kins o1 al 19931 Acration increases mineraliza-
tion. reduces water exchange. supplics oxygen and
circulates  water in the pond (Rogers  1989;
Avnimelech. Mozes & Weber 1992 Howerton,
Boyd & Watten 1993 Avnimelech & Ritvo 2001),
thereby keeping the pond bottom free of sludge
{Chang & Ouvang Y88 Losordo & Piedrahita
1991 Fast & Lannan 1992, Bovd & Dhendup
995 Avnimelech & Ritve 20010 It also reduces
vertical stratification and increases habitat avail-
able for shrimp growth (Rogers & Fast 1988,

Organic matter accinulated in the sediment s
decaved by microorganism, and forins  various
stites of inorganic  nitrogen  and  phosphoruas,
Available nitrogen level in the sediment changed
during the crop period due to rate of mineraliz-
tion, nutrient interaction  between the soil and
water and utilization of nutrients by shrimps,
planktons and other prazing organisms. In the
present study, around 22% of the nitrogen was
present as available form i the shrimp pond soil
of hoth SDX and SD16 ponds and it was supported

1582 @
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by the lindings of Smith (1996} wherein he
reported 77 83%  of nitrogen  in  unavailable
organic form in P. monedon culture with the stock
ing density of 25-40 m © and water circulation at
1015 ms ', There was no significant difference
between the meonths with respeet to available
nutrients (P > 0.05), This s mainly  due to
increase in wtilization of nutriemts as the culture
progresses for the primary productivity in the pond
(Fig. 5).

Similar o total nitrogen, total phosphorus con-
tent also increased during the crop period. The
level of increase of phosphorus was significantly
higher during the Iast 2 months of erop because of
higher amount of feed input. Although the otal
phosphorus increased by 20.27% of the initial
vitlue, the available phosphorus during the crop
did not show any significant variation between the
different months. In SD16, the available phosphe-
rus was 36.8% of total phosphorus, while 1t was
43.6% in SD8 ponds (Fig. 6}, indicating that there
was @ significant difference between the densities
during the crop period.

The rativ of major elements has greater influ-
ence on micrabial activity and enzyme activity of
soil and water, and thereby affects the rate of
release of nutrients from organic manures. (N

oy e
- . 8 i
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Figure 5 Mean values of changes in nitrogen conte
during culture period.

ppm

Aug oy o
Montha of culture

£ Yotal PSS W Fotal 1 SD16 £ Avaibble P SDS 8 Avadabde F SDY 0

Figure 6 Mean values of changes in phosphorus con-
tend during culture period
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ratio is highly useful in interpreting the source of
organic matter and to identily excess nutrients in
sediments (Mantoura 19811 It also influences the
presence of phytoplankton communities. Carbor:
nitrogen ratio increased during the crop period
from 4.55 o 7.77 and 4.76 o 7.35 under SD8
and SD16 ponds respectively in CR_ L The same
trend was observed in CR I as well, This ratio
was within the optimum range for better produc-
tivity (Gupta, Muralidhar, Joseph & Kirshnani
2001).

Nudrients in waler

The various states of inorganic nitrogen and phos-
phorus in the sediment are partly released into the
pond water. Phytoplankton assimilate the nitrogen
and phosphorus formed in the pond water. and
are then consumed by the living aquatics, which
include shrimp (Zhang. Tan & Ou 19849, Two
equilibriums determine the vartation of total nitro-
gen and total phosphorus concentrations in pond
water: First, the equilibrium between nlirogen and
phosphorus  accumulation and  release, secondly
the equilibrium between the aquatics preyving and
the phytoplankton reproducing (Xia, Yang & Yan
20004 ).

In the present study, total nitrogen and total
phosphorus content in water increased  signifi-
cantly with the progress of crop (' < 0.01) In
SD16 ponds. total nitrogen ranged between 0.51
and 131 mg L ' oand total phosphorus ranged
from 0,085 to .32 mg L ' (Table 21 In SDY
ponds, values were comparatively less, but the
same trend was observed. No significant difference

was observed  between  the stocking  densities

(F > 0.05) with respect to total nitrogen and total
phosphorus.

Ammoniacal and nitrate forms of nitrogen con-
stitute the ready source of available nitrogen to
primary tish food organisms in food chain, Among
the various forms of nitrogenous nutrients, nitrate
is the most important, as it is the final form. being
absorbed by plankton for their growth (Begum,
Hossain, Wahab & Kolinoor 2003} Nitrate con-
centration increased during the crop period ol
CR I and it ranged from 0.074 to (.15 and 0.075
w0 0.25 mg L' in SD8 and SDIG ponds respece
tively. There was a significant difference between
the densities (P < 0.01) as well as between the
months of crop (P < 0,011 The same trend was
followed in the second crop also.

Another form of pitrogen, total Ammonma Nitro-
gen concentration in the water column, increased
due to shrimp gill excretion, sediment remineral-
wzation process (Burford & longmore 2001) and
microbial processes (Burford & Glibert 1999} in
the water colwmn, Total ammonia nitrogen con-
centration was observed to be low initially and
pradually increased as the crop progressed. The
concentration varied from 0.22 to D89 mg L ' in
SDK. whereas it varied from .27 to 093 mg L'
in SD16 ponds under CR I Fig 7). The same
trend was observed in CR I upto 90 days and
then reduced because of dilution of pond water
with rain water (Fig. 8).

Phosphorus, although required in small quanti-
ties for aquatic biota, is the single most important
element in water, as it is needed for phytoplankion
growth (Hossian, Begum, Ahmed, Hoque, Karim &
Wahab 2006). Phosphate-phosphorus concentra-
tion runged from 0.142 to 0.21 mg L b oand

Table 2 Mean water parameters during culture period fmean SE}

2007 (CR 1) 2008 (CR Iy

SD8’ SD16 sSp8' SD16°
phit 782 + 0081 7.75 « p.o7g” 827 + 0.048" 822 + 0045

{722 8.2%) (7.04 B.13) B0 85) {797 844)
[hssolved oxygen (mg L 'Y 601 + 0.1357 564 + 01477 603 « 0.078" 5.38 « 0 0BG
Sabnaty (g L ') 185+ 03" 17.7 + D23 19.3 + 0.31* 187+ 037"
Temperature (°C)’ 2681 « 017° 30,08 « 0.189° 28.81:0.24° 28.82:0 24%
Totat N fmg L 1} 0. B47 + 0.058° 091 « DO55* 81 + D087 0.83 + 0057°
Totat P img L '} 0157 = 0014 0.192 +« 0.015" 015 « 001 0169 + 0 o16°

“Winter crop of 2007 and 2008,

"Siocking densities of 8 amd 16 m ¢

Watues noa row with different supersoript fetters are significantly different (P < 0051
Values in parenthests are ranges of phl
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Figure 7 Changes in nitrogen metabolites during CR 1
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Figure 8 Changes in nitrogen metabolites during CR_IL

0157 1w 037 mg L' i SD8 and SDI6 ponds

respectively in CR L The availability of phospho-
rus in CR_H exhibited the same trend. The Phos-
phate-phosphorus levels were significantly lower
in SD8 than SDI6 ponds and it was significantly
dillerent among  the different months ol crop
{7 < 0.05). The trends observed in the present
study are similar to findings by Shah et al. (2008),

Total ammonia nitrogen  especially  unionized-
amunonia and nitrite are  toxic metabolites and
their toxicity is highly influenced by piL. In this
study, pH was observed within the optimum range
and it was comparatively low at the end of crop
due to the decomposition of sediments that would
liberate hydrogen ions (Praphrutham 1985). This
optimum range of pH kept all the metabolites
within  limits. The unionized portion of total
ammoenia  nirogen was  estimated  from total
amunonia  nitrogen  concentration,  pH and
temperature and it varied from  0.0047 1o
0.0917 mg L' and 0.0028 to 0.0603 mg L ' in
SDS and SD16 ponds respectively in CR_IL There
was no significant difference between the stocking
densities (1" > 0.05) with respect to total ammonia
nitropen and unionized-ammonia in both the crops
{Figs 7 and K1

The concentration of nitrite  nitrogen  ranged
from 0005 to 0015 mgl ' and 0006 to
0.04 mg L' in SDY and SD14 ponds respectively

in CR_L Average nitrite concentrations were sig-
nificantly higher (P < 0.01) in SD16 than SDS in
CR I but there was no signilicant  difference
observed  between  the  densities in CR I
(P > 0.051 The metabolite values were within the
permissible limits for shrimp growth under both
the stocking densities (Figs 7 and S). Lack of sig-
nilicant increase in SDI6 might be mainly due o

the continuous acration and use of probiotics. Use
of probiotics regulates the micro flora to improve
nutrient cyele and can create a balance between
bacteria and micro algae. and maintaining a good
water quality environment for the cultured ani-
matls (Li, Zhang & Yang 1997 Dalmin. Kathiresan
& Purushothaman 2001),

Nitrogen budget

Rates and magnitude of nitrogen fluxes will vary
depending on the quantity and quality of nitrogen
input, the types of animals under culture, rates of
water exchange and a number of other environ-
mental variables. Most sources of nitrogen enter-
ing the pond, nitrogen losses and nitrogen sinks
were quantified to determine the mass balance of
this nutrient and elucidate major sources of flux,
Input data included nitrogen content of inlet water
during filling, feed and feed quantity. Output data
included nitrogen content of discharge water at
harvest time, sediment nitrogen and  nitrogen
deposited in shrimp tissue.

The nitrogen budget in the present study was cal-
culated as per the method used by Martin ef al.
(1998) in Penaens siglirostris farming and i3 pre-
sented in Table 3. Nitrogen budget revealed that
the total input nitrogen in both SDE and Shis
ponds were . 13.2 and 3047 g m  respectively. of
which 97.4% and 98.5% respectively were contrib-
uted by feed. Briggs and Funge-Smith (1994) stud-
ied nutrient low for a series of ponds over 2 or 3
crop cveles and revealed that 935% of the nitrogen
applied to the ponds was in the form of feed and fer-
tilizers, whereas  Christopher  Jackson (2003
observed that 90% of nitrogen entered the farm
pond as formulated feed. Other minor contributors
were inpul water and post larvae. Contribution
lrom intake water is very low and it varied between
1.54% and 3.04%. Of the total nitrogen inpui.
43.6% and 34.2% were converted o nitrogen in
shrimp tissue in SD8 and SD 16 respectively. indicat-
ing that the leed conversion is higher in SD8 (FCR
L. 11 as compared with SD16 ponds (FCR 1385 This

1584 i 2012 John Wiley & Sons Lid, Aquaculture Research. 44, 15758 1588
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Table 3 Nitrogen budgel in the ponds (mean values of two cropsi

No. Parameters

Stocking density (No m )

Y Pod area (M)

8 Harvest kghwet waight

c Feed pollats-N (kg ha )

o Shamp harvest-N (kg ha '}

E Feed efficiency-N {%)

F Total waste-N (Kg ha ')

G Wasto-N (g kg shimp harvested)
H Total waste-N {g m )

t Waste i outhow water-N {gm 7}

d Waste-N in sediment + atm_ {g m )
soput-N (g m 7

K Water-N

L Fead peliet-N

M Total nput-N

Output-N fg m 7Y

M Water-N

(o} Shnmp-N

B W sediment

Q M o atmosphere

Penaeus monodon under zero water

exchange

8 16

10000 10000

1660 325%

1275 288 6

576 104 2

45 05 82

69.9 1854

35.7 567

699 1885

146 293

554 1562

04 (304 047 (1.54)
12.8 (87 4) 30.0 (98.5)
132 (300} 3047 (100}
1,88 (14.0) 14112
576 {43 6) 10.42 (34.2)
36 (27.3) 5.04 {16.5)
194 (145 1058 (347}

“Values given in brackets indicate the perventage of the compartment vs. total input/outpat N,

The different compartments of nitrogen wore calculated as lollows

¢ 0N concentration i feed < total weight of fend: D
O % FHEF~C-PDiH o BIALT=N-K: | = H LK
N N concentration in outlow waler x volume of outliow: O

finding is similar 1o the observation by Xia ¢ al.
(20041, wherein he determined that 12.94% of total
nitrogen was in shrimp tissue under P, vannammet
with the stocking density of 30 m * The nitrogen
in waste water was 11.2% of the total input nitro-
gen in SD16 and 14% in SDB.

When budgets.
counted loss is assumed to be nitrogen lost o the

calculating  nitrogen -
atmosphere through velatilization of ammonia and
denitritication that are often not measured dircetly.
Therefore, in most studies including the present
one. these factors are estimated indirectly as the
difference between the nitrogen inputs and out-
puts. Unaccounted loss in the present study was
14.7 35.8% of the total input nitrogen. However,
widely varying results have been obtained i other
studies. Most estimated less than  15%; Martin
et al. (1998 and Briggs and Funge-Smith (1994}
estimated about 10% in low stocking  density
ponds, Much higher losses up to 57% iBovd 1985}
and 66% (Paez-Osuna, Guerrero-Galvan & Ruiz
Fernandez 1999} have also been reported.
Denitrification is the reduction of nitrate 1o gas-
cous nitrogen and has been shown to be important
puth way for pitrogen loss in marine ecosystens

N concentration i shrimp x weight of shomp harvested: E {hy
N concentration i nflow water * volume of inflowiA: L= C/A M - Kol
DAQ =M

(NHP)

{(Seitzinger, Nixon & Pilson 1984, In addition o
adequate nitrate, o source of organic carbon and
anaterobic conditions are required for denitrification,
Hargreaves (1998) concluded that low nitrification
rate was the major limitation for denitrification in
pond-based  aquacuiture. Volatitization  does naot
account for significant loss ol nitrogen in typical
marine aquaculture ponds with TAN less 1 han
| mg L " and in the pH range of 7.5-8.5 (Kochba.
Diab & Avnimelech 1994; Lorenzen, Struve & Co-
wan 19971, In the present study, substantial nitrate
wias present in SDS (14%) and SD16 ponds (18.7%)
therelore, potential nitrogen fost through denitrifi-
cation and volmilization did exist. It is supported by
Daniels and Boyd {19891 and they reported 55% of
nitrogen lost through denitrfication and volatilizi-
tion, in brackishwater tish pouds, when it had very
low exchange rate (about 10% over 5 months) andd
10 30% of nitrate present, Our finding 18 in agree-
ment with these studies, although the extent of
unaceounted nitrogen as a function of mult facto-
rial attributes varies from experiment (o experiment.

Between the stocking densities, npaccounted loss
was aided by aeration under SD16 ponds (Reeves
1972}, The increase in nitrogen lost to atmosphere

© 2012 John Wiley & Sons Lid, Aquiculture Resenrch, 43, 15781588 1585
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Table 4 Comparison of nitrogen budget studies

Semi intensive farming

Penaeus

Intensive shrimp farming

monoden Funge-Smith and Briggs and
Martin of al. (present Paez-Osuna Briggs (1998) Funge-Smith
{1998) study) ef al. {1999) Open type system (1994)
System 0% water Zero water 4% water 5 10% water Na
exchangs/day exchange exchange/day exchange/day
Species P styfirostns P monodon £ vannamel and Shrirnp farms Marine shamp
. stylirostsis ponds
Btocking density (no. m ¥ z 15 8 16 Na Na Na
Discharge water N {%) 343 266 140 1.2 112 27.0 350
Shimp harvest N (%) 215 250 4386 342 270 18.0 24.0
N in sedment (%) 201 161 273 165 na 2490 31.0
N gimospheare (%) 241 324 147 347 65 7 30.0 na

Na. not available

aided by aeration in SD16 ponds explains the com-
paratively lower nitrogen content in discharge
water. Hopkins ef al. (1993} reported that unac-
counted loss is much  higher in zero water
exchange ponds than i water exchange ponds
and it was 13-46% of nitrogen added as feed,

It is also possible that some unaccounted nitro-
gen was sequestered in the sediment through accu-
mulation ol organic sludge (Jackson 2003; Briggs
& Funge-Smith 1994} In this study, there was no
attempt to measure increase in sediment volume
and to estimate the amount of nitrogen accumulat-
ing in the sediment, yet sediment accumulation of
nitrogen in shrimp farms is generally substantial.

A comparison of nitrogen budgets of semi inten-
sive and intensive systems of farming with present
study on zero water exchange svstem is given in
Table 4. 1t showed that nitrogen recovery in
shrimp is higher in the case of the zero water
exchimge system for £ monodon farming than in
the case of farming with water exchange, Simi-
farly. nitrogen in discharge water was the lowest
in the zero wuater exchange system. Hence, this
system seems to be more efficient and environmen-
tally safer than the other systems of farming.
Within this systeni, SDE ponds resulted in a better
nitrogen recovery in shrimp and higher accumula-
tiem of nitrogen in sediment, whereas in SD16,
accumulation in sediment is less and leads to more
nitrogen to atmosphere. The higher accumulation
of nitrogen in sediment can be reduced by better
management practices during pond preparation
and crop period. The nitrogen in discharge water
wits more or less same in both the densities (14%

in S8 and 11.2% i SD16) and it may be mainly
due to the aeration provided only in SD16 crop
and low input used in SDS crop.

Conclusion

The present study indicated that zero water
exchange system of P. monodon shrimp farming is
more ellicient and environmentally sale due to high
nitrogen recovery in shrimp as well as lower nitro-
gen content in discharge water compared with
other systems of farming, Increased stocking density
(SD16) with aeration and use of probiotics resulted
in similar metabolite foad as that was observed in
SD8 ponds without aeration, in spite of the higher
level of feed used and yield obtained. Similarly, pond
preparation method of tilling improved the mineral-
tzation of organic matter in soil.
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