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Abstract

X.BIAO, L. TINGYOU, W. XIPEI and Q. Y1, 2009. Variation in the water quality of organic and conven-
tional shrimp ponds in a coastal environment from Eastern China. Bulg. J. Agric. Sci., 15: 47-59

Eleven water quality variables were measured at intervals in organic and conventional shrimp ponds during
the production cycle (April — August 2002, a 115 days period) located within Xuwei Salt field, Lianyungang City
of Jiangsu Province. The average harvest for organic pond was 1001 kg ha?, with an average size of 15.7 g;
while the harvest for conventional pond was 753 kg ha?, with an average size of 12.7 g. During the shrimp
growing period, mean values for temperature, salinity, pH and dissolved oxygen (DO) in ponds, inlet and outlet
water were not significantly different, whereas the levels for Chlorophyll a, nutrients, chemical oxygen demand
(COD) and total organic carbon (TOC) showed the highest in the outlet water, followed by ponds and inlet water.
The inlet water quality was found to be closely associated with outlet water quality. Chlorophyll a, nitrate, nitrite,
inorganic phosphorus, COD and TOC were lower in organic pond than in its conventional counterpart. But for
ammonium, the level is higher in the organic pond than in the conventional system. The authors conclude that,
compared with the conventional system, organic shrimp system had significantly comparable yields and higher
environmental profits. Its significance could prove vital for the sustainability of increasing shrimp farming in the
world.
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Introduction

Shrimp farming has undergone extraordinary ex-
pansion since 1976. Current annual production stands
at around 1 million metric tones, which is equivalent
to one third of total world shrimp supply (FAO,
2001). This development generates profit and income,
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but it also bears risks of negative environmental im-
pacts (Neiland et al., 2001; Paez-Osuna, 2001,
Kautsky et al., 2000; Senarath et al., 2001). The main
input in most conventional shrimp culture systems is
shrimp feed, which is partly transformed into shrimp
biomass and partly released into the water as sus-
pended organic solids or dissolved mater such as ni-
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trogen and phosphorus, originating from surplus food,
faeces and excretions via gills and kidneys. Other
pollutants are residuals of drugs used to cure or pre-
vent disease. Organic aquaculture emerged with the
aim of solving a series of environmental, safety and
health problems faced by the modern conventional
aquaculture. In contrast to conventional aquaculture,
organic aquaculture is a relatively new concept, and
standards have to be developed that take into ac-
count the rapid development of industry as well as
consumers’ and environmental NGOs concerns about
the sector.

Standards for organic aquaculture were first de-
veloped by Naturland association, an internationally
operating certifier for organic agriculture (Bergleiter,
2001). The guidelines of organic aquaculture produc-
tion have been developed successively (e.g. KRAYV,
2001; NASAA, 2001; Naturland, 2002; OFDC,
2002) in order to elaborate an alternative opposite to
the development in conventional production. Main
aspects of criticism were the use of chemical sub-
stances, especially inorganic fertilizers and pesticides.
The International Federation of Organic Agriculture
Movement (IFOAM), a large umbrella organization,
has also drafted organic aquaculture standards
(IFOAM, 2000), and meanwhile have found appli-
cation all over the world. The Food and Agricultural
Organization/World Health Organization’s international
Codex Alimentarius Commission has finalized organic
crop, livestock, processing, labeling, inspection and
certification guidelines (FAO, 2001). But organic
aquatic animal standards are not yet in place and still
in its draft form. The organic sector in the world is
booming with the largest ever wave of farm conver-
sions underway (Willer and Yussefi, 2001) and aquac-
ulture is also the fastest growing sector. There will likely
be a niche for farmers interested in going the extra
mile for organic aquaculture certification (Brister and
Kapuscinski, 2000).

A fundamental goal in organic aquaculture produc-
tion is to minimize its environmental impact as much
as possible while developing a valuable and sustain-
able aquatic ecosystem. Organic production is some-
times hailed as the true “sustainable agriculture”

(O’Riordan and Cobb, 2001). Its advocates claim
that it is alleged to produce many advantages (envi-
ronmental, social and economic) associated with a
change of direction of a more sustainable agricultural
future. Anumber of comparison studies have been
conducted between organic and conventional agricul-
ture (Biao et al., 2003). However there have been no
published studies comparing the consequences of or-
ganic and conventional shrimp farming, including the
differences of water quality in organic and conven-
tional shrimp farming systems. Temporal variations in
water quality variables have been described in detail
for shrimp ponds (Gao et al., 1993; Yu, 1995; Chen
etal., 1996; Linetal., 1997; Sunetal., 1998). Most
of this information has been applied by shrimp farm-
ers and technicians to water management in shrimp
farming. This present study offers a quantitative de-
scription of water quality characteristics at two shrimp
farms (‘one organic and other conventional) in shore
of Yellow Sea, north of Jiangsu province, China, for
one growing cycle of shrimp production (April to
August 2002). This information was used to: (a) sum-
marize values of 11 water quality variables from efflu-
ents and source water; (b) evaluate the influence of
monthly variations on water quality dynamics in con-
ventional and organic shrimp ponds; and (c) assess
the variation of water quality of converting to organic
shrimp farming.

Material and Methods

Shrimp farm management

The study was carried out ina commercial inten-
sive shrimp farm in Xuwei Salt field (acreage 98 km?),
shore of Yellow Sea, Lianyungang City of Jiangsu
Province (Plate 1). From April to August 2002, 2 rep-
licate shrimp farming ponds for each of the organic
and conventional production systems respectively were
chosen for study (Plate 1). The pond was about 0.33
ha (110 m length x 30 m width) and 2.8 m in depth
(9240 min volume). A 1500-W aerator was fixed in
the center of each pond to prevent water from strati-
ficationand to increase the concentration of dissolved
oxygen to a small extent. \We chose appropriate man-
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agement practice for the two systems (organic and
conventional) (Table 1). The management for organic
shrimp pond was based on the regulations in Basic
Standards for Organic Production and Processing of
International Federation of Organic Agriculture Move-
ments (IFOAM) (IFOAM, 2000) and Naturland
Standards for Organic Aquaculture (Naturland, 2002).

It had one intake structure and one inlet tidal chan-

nel. Filling and exchanging water was pumped from
the reservoir, which connects the inlet channel (Plate
1). The supply of water first passed through a 200
mm mesh bag to prevent access to predators and
competitors, and then enter the reservoir. Each pond
drained through an effluent ditch which brought water
back to the adjacent outlet channel (Plate 1).

The juvenile native Penaeus chinensis Chinese
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Table 1
Management practices for organic and conventional shrimp ponds in 2002

Management items Organic shrimp pond Conventional shrimp pond

Selection of site, interaction  Physical buffer zones around the
with surrounding ecosystems organic pond; no mangrove existed.
Native Penaeus chinensis adopted; no  Native Penaeus chinensis adopted; no

No buffer zones; no mangrove existed.

Species and origin of stock

GMO involved,; GMO involved,
. Natural reproduction, no hormones Natural reproduction, no hormones
Breeding
used. used.
Designing of holding systems, Water quality conforming to the natural Water quality conforming to the natural
water quality, stocking requirements of the species; 7.2 requirements of the species; 7.2
density pieces/m’ pieces/m’

No medicine and treatment used,;
adopting optimized husbandry, rearing Bleaching powder, Calcium oxide,

Health and Hygiene and feeding measures permitted in the  Keng iodine disinfectant and

Naturland Standards for Organic bioremediation products used during
Aquaculture and IFOAM Basic the culture period
Standards .
Oxygen supply A 1500-W aerator, temporarily used A 1500-W aerator, temporarily used
Oraanic fertilizin Certified Organic fertilizer (1000 Composted chicken manure
g g kg/ha) (1000kg/ha)
Feeding Organic soybean, wild artemia and Commercial pellet
clam
Table 2
Variables studied and corresponding methodology
Variable | Method
pH mV mete/Glass Electrode
Dissolved Oxygen Oxygen meter/Electrochemical probe
Salinity Refaractometry
Temperature Thermometer
Ammonium Nesselerization/Spectrophotometry
Nitrite Diazotization/Spectrophotometry
Nitrate Cadmium reduction/diazotization
Inorganic phosphorus Ammonium molybdate/Spectrophotometry
chlorophyll a Spectrophotometer
COoD Alkaline permanganate oxidation

TOC TOC meter/Nondispersive infrared absorption
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shrimp were bought from the shrimp farm of Sea In-
stitute of Shandong Province. Shrimp were stocked
in two systems on 26 April 2002 at a density of 7.2
individuals/m? with the body length of 0.86+0.14 cm.

The production cycle for the two systems began
on April 26 and was concluded after 115 days. One
month before stocking, the two systems were fertil-
ized to cultivate natural food, with 1000 kg ha* of
certified organic fertilizer (32% organic matter, 8.6%
N, 5.4% P,O, and 4.9% K 0) in the organic pond
and 1000 kg ha* (43% organic matter, 2.7% N, 2.4%
P,O, and 1.9% K ,O) of composted chicken manure
in the conventional pond.

A commercial (conventional) pellet (2 - 4 mm di-
ameter) manufactured by the local Sulanlin Fishery
Feed Co. Ltd., Jiangsu province, Chinawas supplied,
with a total of 1.42 t ha* of conventional feed sup-
plied during the production cycle in the conventional
shrimp pond. The composition of the conventional feed
was: dry matter 87%; crude protein 40%; crude fat
6%).

A formulation (organic feed) with wild artemia from
local salt pans, organic soybean from OFDC (one
IFOAM accredited organic certifier in China) certi-
fied farms and natural clam was found as the feed to
organic shrimp, which is in accordance to organic re-
quirements. Atotal of 1.08 t ha™ of organic feed was
supplied for the organic shrimp pond during the pro-
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Fig. 1. Variation of pH in the organic pond,
conventional pond, outlet and inlet waters

duction cycle. The composition of the conventional
feed was: dry matter 89%; crude protein 54%; crude
fat 13%).

Feeding behavior was the same for the two sys-
tems. There is a feeding tray that is 0.56 m? inarea set
in each pond. The shrimp were fed directly on a daily
basis. The water in the systems was exchanged and
seawater plus underground fresh water was added at
the appropriate time to make up for losses due to
evaporation, seepage and to improve the water qual-
ity in the ponds. The two systems had the same total
water nitrogen and phosphorus inputs.

Sampling and analytical methods

All the variables studied here were monitored from
the first week of the grow out cycle until harvest. To
determine growth, a random sample of 20 shrimp was
removed weekly from each pond with a 10 mm mesh
size seine. The shrimp were individually weighed con-
sidering a precision 0.1g. At harvest, shrimp were
captured with a net bag in the outlet through the sluice-
gate. The entire crop and sub samples of individual
shrimp were measured and weighed to determine the
shrimp biomass.

Avariety of parameters were monitored (Table 2).
Water quality parameters include pH, temperature,
DO, salinity, Chlorophyll a, nutrients (ammonium, ni-
trite, nitrate and inorganic phosphorus), COD and
TOC. Five monthly sampling expeditions were car-
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ried out on April 26, May 23, June 15, July 19 and
August 13 during the shrimp growing season. Water
samples were taken 30 cm below the water surface in
the four corners of the ponds, close to the sluice gate
of inlet channel (station A) and at the outlet channel
(station B) respectively (Plate 1). Sampling time was
between 11.00 and 13.00 h.

Measurements of temperature, salinity, dissolved
oxygen and pH were performed in situ during the
sampling process. At each sampling station, three rep-
licate samples were taken from surface water for quan-
tifying ammonium, nitrite, nitrate, inorganic phospho-
rus, chlorophylla, COD and TOC in the laboratory.
Water samples were firstly filtered by using a 0.45 um
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Fig. 10. Variation of COD in the organic pond,
conventional pond, outlet and inlet waters

filter (Seagull brand, produced by Hailing medicine
Co., Ltd. of Zhejiang province). All samples were
collected in polypropylene bottles and returned im-
mediately to the lab for analysis by applying standard
methods (National Oceanographic Bureau, 1991).

Results

Shrimp in the two systems was harvested in 13-15
August 2002. The harvested organic shrimp had av-
erage body length of 11.8 cm, and fresh body weight
of 15.7 g, dry body weight of 5.7 g, which is higher
than conventional shrimp with average body length of
10.2 cmand average fresh body weight of 12.7 g, dry
weight 0f 4.6 g.

Survival in ponds was 88.5% and 82.3 % for or-
ganic and conventional pond respectively. Production
for organic and conventional pond was 1001 kg ha*
and 753 kg ha* respectively. Feed conversion (weight
of feed added/fresh weight of shrimp produced) was
1.08 and 1.89 for organic and conventional ponds
respectively.

Table 3 presents a summary of the statistics of raw
water quality data. Typical cases of monthly variations
for each water quality variable are displayed in Fig. 1
to 11. pH values in organic pond water varied from
8.410 8.7, a little bit lower than those in conventional
pond water (Figure 1), which was similar to those re-
corded in the outlet water. The pH values in the inlet
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Table 3
Water quality data from shrimp farm

Crop cycle (26 April to 13 August 2002)
Parameter MeanzStandard deviation

Organic Pond | Conventional Pond |  Outlet Channel | Inlet Channel
pH 8.61+0.2 8.6+0.1 8.6+0.2 8.7+0.1
Temperature (°C) 23.2+6.4 23.446.3 23.946.2 23.046.7
DO (ml/l) 8.9+0.4 9.0+0.4 8.4+0.2 8.4+0.1
salinity (%) 22.4+1.0 21.7+1.4 21.6+1.6 23.3+0.8
Chlorophyll a (mg/l) 0.0008+0.0004 0.0006+0.0003 0.0016+0.0018 0.0009+0.0005
Ammonium (mg/l) 0.002+0.003 0.008+0.007 0.020+0.012 0.023+0.021
Nitrite (mg/l) 0.5+0.3 0.2+0.3 1105 0.5+0.2
Nitrate (mg/l) 0.014+0.014 0.004+0.004 0.043+0.048 0.007+0.006
Inorganic 0.022+0.017 0.010+0.010 0.052+0.036 0.0080.005
Phosphorus (mg/l)
COD (mgf/l) 4.3+0.9 3.5+0.7 5.3+0.9 3.6x0.7
TOC (mg/l) 8.8+2.0 6.1+1.6 9.5+1.4 2.8+0.7

water showed a little higher than those monitored in
the ponds. No significant differences in pH values were
found among ponds, inlet and outlet water during the
growing phase.

Inthe ponds, inlet and outlet water, temperature
increased with time, starting at about 15°C and in-
creasing to 29°C. Temperature trend in the ponds was
similar to that described for inlet and outlet water in
the crop growing seasons (Figure 2) and the mean
values obtained were similar each other too.

Salinity in inlet water ranged from 22.4 to 24.3 and
showed a tendency to be higher than in ponds and
outlet water, where salinity varied from 19.6 to 23.8
and from 19.4 to 23.5 (Figure 3) respectively. Salinity
in the ponds and outlet river were similar each other.

Dissolved oxygen concentrations recorded in ponds
were comparable to those found in the inlet and outlet
water during the growing cycle and, at the beginning
of the cycle, were higher than those recorded during
the harvest (Figure 4).

The total phytoplanktonic biomass in inlet water,
determined by chlorophyll a concentration, was the
lowest and showed no significant changes during the
crop cycle; levels recorded in ponds and outlet water

tended to increase during the cultivating period (Fig-
ure 5) but levels recorded in outlet water showed the
highest, followed by the levels in conventional pond
and organic pond.

The ammonium concentration levels tended to in-
crease with the cultivating period (Figure 6). Ammo-
nium level in the outlet water showed the highest, fol-
lowed by ponds and inlet water.

The path of nitrate concentration observed was
different in ponds, inlet and outlet waters (Figure 7).
For nitrite, concentrations in ponds and inlet were simi-
lar, with the exception of outlet water, which had higher
mean concentration than others. It was noticeable that
during the cultivating season, nitrite, nitrite and inor-
ganic phosphorus concentrations showed similar trends
to increase with culture time in ponds, inlet and outlet
water (Figures 7, 8 and 9). For these three nutrients,
levels recorded in outlet water were significantly higher
than those observed in ponds and inlet water.

COD and TOC in organic pond, conventional
pond, outlet water and inlet water tended to increase
throughout the growing season and levels were sig-
nificantly higher than those recorded in the inlet water
(Figures 10 and 11).
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Discussion

Different feed and management practices may ex-
plain why the body length, body weight, yield of shrimp
and feed conversion in the organic pond were signifi-
cantly higher than that in the conventional pond. The
results of the water quality in the ponds, inlet and out-
let waters were discussed as follows.

pH

Due to the acidic character of the faeces and fish
food, the shrimp farming activities caused some de-
crease in the pH of the water. The lower values were
sampled in Outlet River and conventional shrimp pond,
where the effluent inputs are located and a conven-
tional diet was inputted compared to organic shrimp
pond for which wild artemia, clam and organic soy-
bean were used.

Temperature

Water temperature regimes recorded were typical
of conditions inthe shore of Yellow sea, north of Jiangsu
province, China.

Salinity

Salinity conditions are typical of the hyper saline
regimes of the coastal sea water in the region, which
are influenced by the evaporation rate and the rainfall
during the crop growing season. Differences in salinity
gradients among ponds, outlet water and inlet water
were mainly attributed to the different water manage-
ment. The marked difference in salinity found between
ponds and inlet water is due to underground fresh water
pumped into the ponds, which reduce the salinity of
the shrimp ponds to the natural requirements of the
shrimp species.

Dissolved oxygen

The tendency of dissolved oxygen to decrease
during growth time may be explained by two factors:
(1) the levels of dissolved oxygen decline as the grow-
ing season progresses and feeding rates increase, and
(2) as the summer season approaches and the water
temperature increases (Figure 2), the solubility of oxy-
gen decreases.

DO levels in shrimp ponds are higher than in the
inlet and outlet water, but not stable. There is no obvi-
ous difference for DO levels in both organic and con-

ventional shrimp ponds. This may be attributed to the
temporal aerator operation located in the middle of
each pond so as to increase the concentration of dis-
solved oxygen (more than 5 g/ml) for higher shrimp
growth (Ministry of Agriculture, 2002).

Concentration of dissolved oxygen is higher in inlet
water than in outlet water. Regarding the inlet water
(Figure 4), since it comes from inlet tidal channel with-
out previous treatment, the dissolved oxygen evolu-
tion observed during growth time, is the result of the
hydrodynamics of the tidal system. On the other hand,
the DO behavior of the outlet water is clearly differ-
ent, with the shrimp farming activities being respon-
sible for the low values recorded in the outlet water,
probably due to the high consumption of dissolved
oxygen into the shrimp farm especially during the later
growing stage and to the redox processes involved in
the degradation of nutrients.

Chlorophyll a

Differences in the chlorophyll a mean concentra-
tion among ponds, inlet water and outlet water, found
during the crop growing cycle, could be related to the
nutrient supply through feeding.

Chlorophyll a levels in ponds and outlet water
tended to increase towards the end of the cycle and
this can be explained considering that, as daily feed
allotment increased in response to shrimp growth
throughout the culture, higher amounts of metabolic
wastes entered the water. Thus, the availability of nu-
trients would correspondingly increase, promoting
phytoplankton abundance.

The phytoplanktonic biomass fluctuated
synchronically in both ponds as well as in the inlet
water. This indicates that algae biomass evolution was
driven mainly by environmental factors, such as solar
radiation and water temperature, which vary accord-
ing to the season; but the average magnitude of chlo-
rophyll a level in organic pond is higher than in con-
ventional pond, and this may be attributed to different
pond management practices and feeding system.

Nutrients (ammonium, nitrite, nitrate and in-
organic phosphorus)

Ammonium levels in ponds tended to increase as
the growing season progressed as a result of the ac-
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cumulation of ammonium in wastes, as feeding rates
increased throughout the season. Ammonium is the
major nitrogenous product excreted by crustaceans
(Claybrook, 1983; Sun and Ding, 1999) and may also
accumulate in culture systems due to both microbial
decomposition of organic material (Boyd, 1982; Ding
etal., 1997; Linet al., 1998).

Ammonium level is higher in the organic pond than
in the conventional system. This may be attributed to
the high NH, excretion rate from the gills of organic
shrimp. Previous studies have shown that the main
source of ammonium in the shrimp ponds was ammo-
nia excreted from shrimp gills (Burford and Williams,
2001). Maximum concentrations of ammonium were
found in the outlet water, where amounts of wastes
from shrimp ponds were received.

Nitrite, nitrate and inorganic phosphorus levels in
the conventional system were higher than in the or-
ganic system, with maximum concentration found in
the harvest season. This effect can be explained by
the following opinions. The main specifications in or-
ganic shrimp farming have to do with the renunciation
of pesticides and mineral nitrogen, with the handicap
to minimize the amount of bought-in conventional feed
(IFOAM, 2000). According to IFOAM Basic Stan-
dards for Organic Production and Processing, aqua
feeds shall generally contain 100% certified organic
components, or wild aquatic feed resources. When
certified organic components or wild marine resources
are not available, the certification body/standardizing
organization may allow a maximum 5% of the feed
(by dry weight) to be of conventional origin. Reduc-
tion of pollution is reached by a systemic and causally
related approach, while conventional strategies are
often more based on technical and management re-
lated measures.

In this study, the range of animals uses different
types of food resources and carries out different man-
agement practices (Table 1). The nutrient quality and
composition of feed are likely to have a significant
impact on nitrogen and phosphorus leachates. In or-
ganic pond, shrimp feed on wild artemia, clam and
organic soybean; while in conventional pond, a com-
mercial (conventional) diet was inputted. Artemia is

one of the best live foods for and can be digested fully
by shrimp. Its protein conversion rate amounts to about
80%, significantly more than fishmeal (Li, 1983; Zeng
etal., 1998). Produced soybean has a low phospho-
rus level (Che, 1998), which can causes low phos-
phorus leaching if used as feed of aquatic animals.
There is little evidence for a system-related effect on
the results of organic aquaculture production due to
the use of organic aqua feed in the organic shrimp sys-
tem. But in contrast to conventional produce, organi-
cally produced product should be environmental-safe
and healthier (Schupbach, 1986).

During the cultivating season, inorganic phospho-
rus concentrations in organic shrimp pond showed the
same order of magnitude as those in the inlet water.
This indicates that the inorganic phosphorus level of
organic pond water is controlled by inlet water qual-
ity. But for the outlet water, the levels of nutrients (ni-
trite, nitrate and inorganic phosphorus) were higher
than in the ponds and inlet water, and this is explained
by the following mechanism. The levels of nutrients in
the outlet are controlled by the discharge water qual-
ity from shrimp farms located beside the outlet.

Distinctive paths found for the evolution of nutri-
ents (nitrate, nitrite and inorganic phosphorus) inthe
ponds, inlet water and outlet water throughout the grow
out cycle, could have been influenced by rainfall and
runoff events, which affected the water nutrients lev-
els in a different way, due to inherent characteristics of
each water body (i.e. morphology, sediment compo-
sition and biological communities)

COD

Differences in the COD mean level between or-
ganic pond and conventional pond could be related to
accumulation of remnant nutrient through feeding, and
excrement and dejection of shrimp and zooplanktons,
which were greater in the conventional pond than in
the organic pond. COD level in outlet water was close
to that in conventional pond. Thisindicated that outlet
water quality was controlled by the quality of discharge
water from the shrimp ponds. COD concentration in
inlet water was the lowest, but still showed the in-
creasing trend during the growing cycle. This may be



Variation in the Water Quality of Organic and Conventional Shrimp Ponds in a Coastal.... 57

attributed to the environmental factors, such as hy-
drodynamics of the tidal system and water tempera-
ture, and recycling of outlet water.

TOC

Compared to the reported TOC value in the natu-
ral water body located in the bay and firth (0.6 — 10.8
mg/l) (Wang et al., 1998; Cai and Han, 1990; Peng et
al., 1997; Sunand Yang, 1992; Patrons, 1995; Lin et
al., 1996; Guo and Hong, 1991; State Oceanic Ad-
ministration, 2000), TOC in the ponds and outlet wa-
ter was obviously higher. But TOC level in the inlet
water showed a little bit lower. This may contribute to
the high biomass and high commercial pellet input in
the shrimp pond system. TOC concentrations in the
ponds showed the tendency to increase during the
growing cycle, which were the same as reported by
You and Ma (2002). The discharged water from the
ponds increased the organic carbon load in the outlet
water.

Conclusions

During the shrimp growing period, mean values for
temperature, salinity, pH and DO in ponds, inlet and
outlet water were equivalent. Ammonium level in the
outlet water showed the highest, followed by organic
pond, conventional pond and inlet water. For Chloro-
phyll a, nitrite, nitrate, inorganic phosphorus, COD
and TOC, Mean levels in the outlet water were found
to be highest, followed by conventional pond, organic
pond and inlet water. Chlorophyll a, nutrients, COD
and TOC tended to increase with the cultivating pe-
riod inthe ponds, outlet water and inlet water.

The inlet water quality was found to be closely as-
sociated with outlet water quality. This can be explained
as part of the physical and chemical properties and
recycling of the nutrients into the inlet water.

Temperature and salinity in ponds are controlled
by the inlet water quality, which in fact is driven by the
weather and water management.

The evolution of most of the water quality vari-
ables monitored in ponds was strongly influenced pri-
marily by pond management practices. Our results

showed that organic shrimp production system s bet-
ter for the water quality (Chlorophyll a, nitrite, nitrate,
inorganic phosphorus, COD and TOC) than its con-
ventional counterpart. But for ammonium, the level is
higher in the organic pond than in the conventional
system.
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