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BEREGREE

Aquaculture, being more remunerative than agriculture, is
developing into a prime industry tapping the enormous turnover of
bioenergy for the benefit of mankind. Aquaculture interacts with
the environment. Though it depends on self-renewable natural
resources, sustainable development needs conservation and
management of these resources. Thus, environmental friendly
aquaculture practices may be prioritized in developmental plans
and research. Such sustainable development which elucidates
conservation and management of soil and water and in turn aguatic
plant and animal genetic resources, should be ecologically
non-degrading, technically appropriate, economically viable and

socilally acceptable.

In veiw of these factors, understanding the ecological
aspect of the culture systems 1is imperative. Pond soil plays
several important and dynamic roles in +the food chain and
production cycle viz. as a source of various organic and mineral
compounds which enter into water after biochemical and chemical
changes,in oxygen balance of water, pH regulation and in sulphur,
phosphorus, nitrogen and carbon cycles. The gquality of pond

water is highly influencedby the nature of bottom soil.

A perusal of literature reveals that several studies on the
influence of types of soil on water quality in the inshore water,
lake, backwater, ricefields, etc. are available. Although results

of such studies are invaluable in understanding the process of
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exchange between soil and water, it is realized that condition in
culture ponds are far more complex because of the diversity of
culture practices, high densities of fish/prawn stocks
maintained, different feeding patterns and. the significant
raising of trophic levels through the intensive use of feed and

fertilizers.

Among all the marine products, shrimps account for a giant
share because of their universél appeal, excellent taste,
persistant demand and -high unit value. -The world market for
shrimps has expanded répidly in the recent past touching nearly
US $ 6,500 million. In India prawns form a prominent export
commodity and account for 57% by quantity and 70% by wvalue in the
‘total marine prodﬁct export. However, the wide variation in
prawn yield from pdndrto pond makes it necessary to examine the
chemical and biological quality of soil and water (Rajyalakshmi
et gg; 1988). Similarly brackishwater milk fish/mullet culture
also faces potential ecological problems related to acid sulphate

soils and deterioration of water quality (Poernomo and Singh,

1982 ) which needs urgent attention.

Now, when coastal aquaculture is poised for an explosive
growth with a promising future, an indepth understanding of soil
water interaction in brackishw;per culture ponds is not only
important to augment the yield by expansion and/or
intensification but also important in assessing the magnitude of
negative ecological feed back effects like siltation, turbidity,

build up of organic rich sediments, hypoxic or anoxic bottom
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water, toxic outgassing, spread of diseases etc.

The present study attempts to elucidate behaviour of
phosphorus, nitrate nitrogen, carbon, sulphur, anions and cations
on different types of soil, (alluvium, acid saline, hydromorphic
saline) subjected to different salinities in different seasons
and their influence/introduction on/with water quality, nutrients
and productivity. Thus, understanding the inherent fertility
status of soil and its influence on water quality, an efficient
fertilization scheme for successful aquaculture can be developed

for these brackishwater environments.

This dissertation consists of INTRODUCTION, MATERIAL AND
METHODS, RESULTS, DISCUSSION, SUMMARY AND BIBLIOGRAPHY which
covers the scope, objective, method, outcome and interpretationof

the study undertaken.
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The interaction of Soil and water in culture ponds is a.
subject of wunusual scientific and ecological interest. It's
scientific interest springs from its application in aquaculture,
limnology, pollution control and geochemistry. It's ecological
importance needs no emphasis, since 72% earth's surface is
covered by submerged soil ar sediments (Aiyer & Rajendran, 1987).
Pond soil .is an integral part of every pond and interacts in
every metabolic process. For this reason investigation of the
pond environment ought to include the bottom sediment as well as
the water and should continue throughout the season. Soils play
an important role in the production of fish/prawn from pond; in
supplying nutrients to the inflowing water, in the mineralization

of organic bottom deposits, and in the storage and release of

nutrients to the water (Matida, 1967).

Aguaculture has emerged as a major frontier of fish
production in the developing countries both for domestic
consumption and export. Currently about 65,000 ha of brackish-
water area is under aquaculture in India, of which over 52,000 ha
are under traditional farming practices in West Bengal, Kerala,
Karnataka and Goa (Alagarswami, 1991). While relatively more
comprehensive data are avaiiable on water gquality of culture
ponds in India, there has béen practically very little study of
the soils of brackishwater culture ponds. With the increasing

demand for prawns 1in international market, prawn culture in
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brackishwater ponds has gained a great momentum. In the recent
years brackishwater -aguaculture can be identified with the
production of a single commodity, the prawns due to it's
expanding export market, high unit value and short term cropping
pattern. Most rational proposition to achieve better yield for
years to come is to intensify the prawn farming in low lying
brackishwater areas in the 1light of locally available
technologies in which soil and water plays important role. Again

disasters from several types of diseases of prawns and fishes can

be averted through good management (Alagarswami, 1991).

Sediments are regarded as the store house of the essential
elements/molecules of productivity in overlying water and even
the pollutants. Most important raw materials for production in
aquatic system are organic and inorganic form of carbon, nitrogen
& phosphorus, 1light and micronutrients. Benthic algae, which
constitute the major food organisms for fishes and prawns in
brackishwater culture ponds, derive their nutrients either
directly from the soil or from soil-water interface and
accordingly the productivity of such ponds depends largely on the

nature and properties of bottom soils (Mandal, 1962).

The importance of physicochemical characteristics and their
individual or synergistic effect on survival, growth and
production of fish/prawn are well known (Verghese etal., 1982)To keep
the aquatic habitat favourable for existance, physical and
chemical factors like temperature, salinity, turbidity, pH, Eh,

alkalinity, hardness, cations, anions, organic carbon,
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photosynthetic pigments and dissolved gases 1like oxygen,
carbon dioxide and reducing gases like hydrogen sulphide &
methane working lethal on fish 1life, will exercise. their
influence individually or synergistically, while £he nutrient
status of soil and water play an important role in governing the

production of plankton organisms and in turn on primary

production in culture ponds.

Kerala is a state with notable physical features of
backwater areas adjoining the sea. In different parts of these
tract, large areas of pyritic peaty or marshy soils occur. In
Kerala, the total brackishwater areas including the lower reaches
of rivers, the brackishwater lakes and adjacent. low lying fields,
mangrove swamps is estimated at about 2,43,000 hectares. About
50% of the toal water logged areas could be utilized for prawn
farming (Anon, 1978). At present only about 5,117 ha  of low

lying fields are being utilized for traditional prawn farming

(Rao, 1980). Out of the different types of soil in Kerala such
as red loams, laterite and brown hydromorphic association,
coastal alluvium, riverine alluvium, greyish onttukara,

hydromorphic saline, acid saline, black soils and forest loam
etc. the brackishwater/coastal areas are mainly of coastal

alluvium, riverine alluvium, hydromorphic saline and acid saline

soil types (Fig. 1).

The areas of pyritic peaty or marshy soils are known as
'Rari' soil, because of its intensive black colour. Soils of

these areas have high organic deposit. The whole area lies
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1-2.5 meter below mean sea level. These soils are submerged for

major part of the year and are periodically inundated by saline
water of tidal inflow. These soils are with characteristic

jarosite (KFe3)(SO4)2(OH)6 within a depth of 50 cm from surface.

It is a characteristic feature of acid sulphate soils. Money and

Sukumaran (1973) reported that acidic soils of Kerala recorded pH
5 or below under moist condition and still less on drying. The
productivity of brackishwater ponds of these areas are reported

to remain poor for several years. The fish production is badly

affected by low pH, unfavourable ionic composition of the pond

water, the frequent presence of finely dispersed ferric hydroxide

scum, and poor supply of algal feed.

The water gquality management is critical to agquaculture
production. The water quality of fish pond in India was studied
by Sewell (1927), and he reported the mortality of fish in Museum
tank in Calcutta. Since then a number of workers have studied the
physico-chemical condition of inland waters either in connection
with fish mortality or on general hydrological survey. To
mention a few of them, there are studies by Alikunhi et al.(1948)
Ganapati et al. (1945, 1950, 1953), Chacko and Srinivasan (1954),
Thivy et al. (1948), Mookerjee and Bhattécharya (1949). Besides
these stray observations, a more systemic and extensive study of
the physico-chemical quality of fishery water was taken up by

Madras Fisheries Department in connection with Madras Rural

Pisciculture scheme (Menon et al. 1959).

The physical, chemical and biological properties of
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submerged soil differs markedly from that of uplands. The major

immediate change that occur in the soil environment due to
submergence is depletion of oxygen (Aiyer & Rajendran, 1987). As .
stated by various authoi:s, under submergence due to depleted
oxygen supply the surface soil profile differentiates in two
distinct layers, an oxidised or aerobic layer near soil surface
at the soil water interface and the reduced or anaerobic layer

below the soil surface where free oxygen 1is not available

(Poernomo & Singh, 1982; Rajyalakshmi, 1980).

The evidence for the presence of a relatively high
concentration of oxygen in the aerobic layer was reported by
Pearsall (1939) and Mortimer (1941) on lake muds and
sediments and swamp soils. They characterised this layer by the
presence of typical oxidised radicals such as ferric iron,
nitrate and sulphate while the mud below was low in oxygen and
contained ferrous iron, nitrate, ammonia and sulphide.
Mortimer (1941), Hickling (1962) have explained ‘the reason for
diurnal and seasonal fluctuations of dissolved oxygen of bottom
water and its role in production. Nutrient ions are produced by

decomposition of precipitated organic matter.

Effect of submergence on the acidity of a soil was
reported, as pH of soils kept at different moisture contents was
changed. Money and Sukumaran (1973) reported that the acid
saline water-logged soils are highly acidic and sometimes free
sulphuric acid is formed by the oxidation of sulphur compound

present in the food - fossils found under soil. Ohle (1938)



found that by raising pH, nutrients such as phosphate adsorbed on

ferric hydroxide were easily washed out.

The role of different forms of carbon, nitrogen, phosphorus
as well as the organic matter in aquatic productivity has been
investigated by many workers (Aston and Hewitt, 1977; Roman and
Tennore, 1978; Shankaranarayanan et al, 1979). The soil profits
more as it is constantly enriched in organic matter, phosphate
and carbonate (Stangenberg, 1943). The main process taking place
in the bottom of the pond, are accumulation and decomposition of
organic matter. As a result of the accumulation of organic
matter important macro—eléments are eliminated from the pond
water and immobilized at the bottom, while the decomposition of
organic matter not only releases mineral compound, but
contributes also to the dissolution of unavailable phosphate _and
carbonate. Environmental factors controlling the input of
organic matter to sediments, fall into four general catagories,

viz. biological, physical, chemical and geological (Sucevic &

Dujmov, 1988).

Each of the elements carbon, nitrogen, phosphorus and
sulphur are directly or indirectly connected with the
decomposition of organic matter. Again modification of organic
matter in the surface sediments is to a large degree dependent on
microorganisms and metazoan biomass. The solids falling to the
culture bed are enriched in carbon, nitrogen and phosphorus
relative to the natural sediments (Holmer, 1991), possibly

causing physico-chemical changes in sediments below or adjacent



to fish farm operations, including increase in sediment organic
carbon content, followed by increased sediment oxygen conéumption
rates and decrease in redox potential (Browné&Gretzedk ,1987),
generation of hydrogen sulphidé and methane (Lumb, 1989) and
increase in inorganic and organic nitrogen (Kasper et al. 1988),

phosphorus, silicon, calcium, copper and zinc (Rosenthal et al.

1988).

Phosphorus is often considered as one of the most critical
factor in the maintenance of biogeochemical cycles in fish ponds
and is vitally important in the operation of energy transfer
systems. Hickling (1971) made a very categorial statement that
"It is unlikely that a éase exists where phosphates would not be
beneficial.". It is available and not the total phosphorus which
is important to aquatic productivity owing to the fact that
phosphate ions in the bottom soils form insoluble compound, with
iron and aluminium under acidic conditions, and with calcium ions
under alkaline conditions (Banerjea and Mandal, 1965). Higher
amount of available phosphorus in brackishwater pond soils has
been reported by Chattopadhyay (1978) and may be considered
favourable for brackishwater fish culture not only due to the
fact that phosphorus 1is one of the essential nutrient element
for pond productivity and which often occur in very meagre amount
in nature, but also due to its importance in growth and
multiplication of blue green algae which form the major fish food

organism in brackishwater ponds.






























































































































































































































































































































































































































































































































