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1. Introduction

Application of nutrients through fertilizer and manure is one of the
prerequisites for augmenting fish production under pond culture conditions.
Application of nutrients compensates for the nutrient deficiencies and augments
biological productivity mediated through autotrophic and heterotrophic pathways
(Schroeder, 1974; Moav et al., 1977; Debeljak et al., 1990; Jhingran, 1995; Das
and Jana, 1996).

Fertilization through inorganic nutrients in aquatic systems readily
renders themselves available in ionic forms to the phytoplankton operating in the
base line of the production pathway. Organic manures on the contrary, supports
the production pathway slowly but sustaining for longer periods because it has to
pass through complex biochemical pathways towards releasing inorganic nutrients
in plant available forms. In aquatic system, organic manure contribute a huge
amount of combustible matter which oxidizes and produce CO, that helps in algal
photosynthesis and also helps in the reduction of dissolved atmospheric nitrogen to
ammonia. The decomposition of organic manure is carried out by bacteria and
fungi, actinomycetes (Persson et al., 1980; Boyd, 1995; Gaur et al., 1995) and the
released essential nutrients upon such decomposition help to sustain the biological
productivity of the system (Rath, 1993).

Organic manure as a class are composite in nature and contain almost all
the major and minor elements required in the metabolic cycle (Jhingran, 1995).
The use of manure in aquaculture supports the production of protein using inputs
of little nutrient value to man or livestock (Wohlforth and Hulata, 1987). Animal
manures have a long history of use as a source of soluble phosphorous, nitrogen
and carbon for algal growth and natural food production (Knud-Hansen, 1998).
They often facilitate the utilization of chemical fertilizers under appropriate pond
fertilization practice (Pillay, 1995). Fertilization with low cost organic manure
mitigates the problem of solid waste disposal and it has a sustainable effect on
pond fertilization. Because of such definitive advantages over inorganic chemical
fertilizers, organic manures are preferable and extensively used in fish culture
pond. However, as manure is made of plant material or the unassimilated fraction

of animal feed, it has high fiber content and low nitrogen content. It decomposes
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Introduction

at a comparatively slow rate, and large inputs of manure into ponds can result in
the accumulation of organic sediment (Boyd, 1995).

In India, cow dung is the most common organic manure applied to fish
ponds (Singh and Sharma, 1999). Organic matter in cow manure accelerates the
development of large bacterial population as a result of decomposition (Buschiel,
1983). Hassan (1990) observed that zooplankton biomass varied from 0.12 to 9.48
mg 1" in cow manure treated ponds, where nauplii were the dominant group
(59.3%) among zooplankton, followed by rotifers (24.8%), copepods (11.9%), and
cladocerans (4.0%). Grag and Bhatnagar (1999) compared the effects of five
different doses of organic manure (5,000; 10,000; 15,000; 20,000; 24,000; kg ha’!
yr ") on the pond productivity in terms of plankton production and fish biomass in
fresh water fish ponds.

Optimal manuring rate is the highest amount of organic matter that can be
utilized in a pond ecosystem without showing any adverse effect on fish growth
and water quality. Using regression analysis, Edwards et al., (1996) indicated that
a more efficient use would be a daily input of a maximum of 1 kg dry matter (DM)
per 200 m” pond. In India, Alikunhi et al. (1955) manured the nursery ponds with
cow dung at the rate of 11,208 to 22,417 kg ha'. They concluded that heavy
manuring with cow dung colours the water dark brown and the average production
of plankton in ponds manured @11,208 kg ha™ is reported to be more than in those
manured @16,812 kg ha”'. A net yield of 2928.54 kg ha” yr ”' of major carps
under polyculture condition was achieved with addition of cow dung at the rate of
0.10 g nitrogen (Javed et al., 1992). Saha et al., (1980) reported that cow manure
application in major carp nursery ponds yield 50-60% more fish than the untreated
ponds. The use of cow manure resulted in an increase of gross fish production
from 0.18 to 1.8 g m™' day” in about 40 days (Costa and Keemibiahetty, 1993).
Benerjee et al. (1969) observed that poultry droppings along with cow dung
resulted in faster growth rate of C. carpio spawn than cow dung alone.

However, organic manuring also leads to severe depletion of dissolved
oxygen, high biological and chemical oxygen demand, and high ammonia levels
(Boyd, 1982) leading to stress in cultured fish (Parker, 1996). Over manuring may
also promote incidence of disease (Pillay, 1995). Pond fertilization using high
amounts of animal wastes are known to have caused noticeable harm to the

environment (Quines, 1988), by proliferating the growth of pathogenic bacteria
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like Aeromonas sp. and Pseudomonas sp. (Hojovec, 1977, Sugita et al., 1985; Jinyi
et al., 1987). Fresh water fish in Indian ponds commonly suffer from bacterial
diseases such as various kinds of skin ulcerations, albinodemma, erythroderma,
furunculosis and vertical scale disease primarily caused by Aeromonas sp. and
Pseudomonas sp. (Das, 2004).

Public health concerns related to helminthes requiring fish or other
aquatic organisms as intermediate hosts in organic manured ponds have been well
documented (Larsson, 1994; Santosh, 1994; Polprasert, 1996; Egna and Boyd,
1997). It seems apparent that organic manure, if used, should be applied with
caution in view of the above facts.

Though, several studies have been made in different countries with
variable sources of manures under aquaculture conditions with different test fishes,
the results are not homogenous and reproducible. This is because of the variability
of chemical composition of the manures of diverse origin and variable cultivable
conditions. Therefore, the present investigation has been designed to examine the
impacts of manuring schedule upon the physico-chemical and biological conditions
of fish culture system and the growth of fish as well.

The objectives of the present study are to compare the relative responses
of three manuring schedules viz. weekly, fortnightly and monthly with cow manure
upon:

a) the physicochemical and biological parameters of fish culture

system

b) the population density of selective bacteria viz. aerobic
heterotrophic and cellulose decomposing bacteria, and

c) the growth responses of test fishes Labeo rohita and Cyprinus
carpio.

;5 Pradlian, A, M. F. Sc. Thesis, FAQ, WBUATES, 2010 Page 3
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2. Review of Literatures

The biological productivity in aquaculture ponds is primarily governed by
nutrients. Therefore, pond fertilization through organic and inorganic sources has
become one of the most important management protocols in aquaculture.
Application of nutrients compensates for the specific nutrient deficiency and
augments biological productivity mediated through autotrophic and heterotrophic
pathways (Schroeder, 1974; Moav et al., 1977; Debeljak et al., 1990; Jhingran,
1995; Das and Jana, 1996).

In aquatic system organic manure contribute a great amount of
combustible matter which oxidizes and produce CO, that helps in algal
photosynthesis and also helps in the reduction of dissolved atmospheric nitrogen to
ammonia. The decomposition of organic manure is carried out by bacteria, fungi
and actinomycetes (Persson et al., 1980; Boyd, 1995; Gaur et al., 1995). As a
result, the released essential nutrients help to sustain the biological productivity of
the system (Rath, 1993). The bio-geochemical cycling bacteria, therefore, play a
key role in the nutrient dynamics of fish ponds, where the microbial activities are
regulated by various environmental factors in fish culture ponds managed under
different stocking combinations and with management variables (Jana and Patel,
1984; 1985; 1990; Jana and Roy, 1985; 1986; Jana and De, 1993).

2.1. Productivity levels

With regards to nutrient loading and resultant productivity level, water
bodies have been classified with different trophic states (Whalen, 2010). They are
as follows:

2.1.1. Oligotrophic

Oligotrophic refers to a class of water body that exhibit low productivity,
low levels of phosphorous and chlorophyll, few rooted aquatic plants and algae,
deep transparency readings (8.0 m or 26.5 ft) and usually high dissolved oxygen
levels throughout the water column.

2.1.2. Mesotrophic
The term mesotrophic describes a middle stage between oligotrophic (low

productivity) and eutrophic (high productive). This type of water body has
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intermediate levels of phosphorous and chlorophyll, and Secchi disk transparencies
of 4 mto 8 m (13.3 to 26.5 ft).
2.1.3. Eutrophic

Eutrophic refers to water body with high productivity, high levels of
phosphorous and chlorophyll, low Secchi disk readings, and abundant biomass
with a lot of accumulated organic matter on bottom. Eutrophic water bodies are
susceptible to algal blooms and oxygen depletion in the hypolimnion. The
comparative account of selective parameters with regards to productivity status of
a water bodies (Tablel.) has been well classified by Wetzel (1983).

Tablel. Phosphorus and chlorophyll concentrations and secchi disk depths
characteristic of the trophic classification of water body (after Wetzel, 1983).

Parameter Oligotrophic Mesotrophic Eutrophic
Total Phosphorus (mg/m3 )

Avg. 8 26.7 84.4

Range 3.0-17.7 10.9-95.6 16 —386
Chlorophyll a (mg/nrﬁ

Avg. 1.7 4.7 14.3

Range 03-4.5 3-11 3-78
Secchi Disk Depth (m)

Avg. 9.9 42 2.45

Range 5.4-283 1.5-8.1 0.8-7.0

2.2. Pond fertilization

The natural productivity of a fish culture system depends largely on the
availability of natural food organisms and on favourable environmental conditions
for the fish and optimum dose of fertilizers into the fish ponds (Ayyappan, 2006).
Fertilization is so far the most useful technique to make up or provide the essential
nutrients for enhancing natural productivity through production of aquatic biota
which serve either directly or indirectly as the food of fishes (Olah et al., 1986;
Knud- Hansen, 1998). Usually the fertilizers used in aquaculture are inorganic or

organic in nature or a combination of both (Pillay, 1995).
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The overall objective of fertilizer and manure application is to increase
the productivity of the fish pond. While inorganic fertilizers mainly increase the
quantity of primary producers, organic fertilizers such as cattle dung, pig and
poultry manure, biogas slurry, compost and other livestock wastes serve as a class
of composite for stimulating abundant growth of zooplankton, insect larvae and
other forms of fish food organisms (Jhingran, 1983; Olah et al., 1986; Akand,
1986).

2.2.1. Organic fertilization

Pond fertilization practices using animal wastes are widely used in many
countries to sustain pond productivity at low cost (Peker and Olah, 1990). This is
most extensively adopted in China where all farmers raise livestock to supply
nutrients for fish farming (FAO, 1997; Dutta and Gaswami, 1988; Patra and Ray,
1988; Kestemont, 1995; and Zoccarato et al., 1995). In contrast, inorganic
fertilizers are expensive and their use by small farmers may be limited (Swift,
1993).
2.2.1.1. Manure

The manuring of fish pond is considered an important scientific aspect for
increasing fish production (Doria and Leonhardt, 1993). Organic manure as a
class are composite and contain almost all the nutrient elements required in the
metabolic cycle. They enrich the organic matter content of soil and water and
within the limits of manurial dose, release carbon dioxide and nutrients on
decomposition sustaining the fertility of water. Their merit lies in imparting a
comparatively slower rate of release of nutrients to the water over a long period of
times as the decomposition proceeds. They often referred to as an aesthetic value
of a pond (Jhingran, 1995). The use of manure in aquaculture supports the
production of protein using inputs of little nutrient value to man or livestock
(Wohlforth and Hulata, 1987). Animal manures have a long history of use as a
source of soluble phosphorous, nitrogen and carbon for algal growth and natural
food production (Knud-Hansen, 1998). They often facilitate the utilization of
chemical fertilizers under appropriate pond fertilization practice (Pillay, 1995).
Fertilization with low cost organic manure mitigates the problem of solid waste
disposal and it has a sustainable effect on pond fertilization. Because of such
definitive advantages over inorganic chemical fertilizers, organic manures are

preferable and extensively used in fish culture pond. However, as manure is made
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of plant material or the unassimilated fraction of animal feed; it has high fiber
content and low nitrogen content. It decomposes at a comparatively slow rate, and
large inputs of manure into ponds can result in the accumulation of organic
sediment (Boyd, 1995). Manure is not directly consumed by aquaculture species.
It is decomposed by micro organisms to yield mineral nutrients that stimulate plant
production. Fine particles of decomposing manure and associated microbial flora
serve as a food for microscopic animals that may be consumed by plankton feeding
fish (Wohlfarth and Schroeder, 1979).
2.2.1.1.1. Composition of manure

Organic manure is classified according to their source and carbohydrate
contents (Jhingran, 1995; Pillay, 1995). Therefore; it seems apparent that the basis
for such classification is indirectly indicative of its inherent C: N: P ratio. The
composition and nutritive value of organic manure depends on several factors like
age, breed variety, digestibility, composition of the feed, physiological condition
of the animal etc. (Rath, 1993; Das and Jana, 2003). These factors also influence
the ratio between solid and liquid excreta. The composition of fresh manure from
a number of animal species (Table2.) was illustrated by Martyshev (1983)
apparently based on the conditions in the then USSR (Pillay, 1995). Besides, a
vast array of extrinsic factors largely determines the extent of decomposition and
regeneration as well.

Table 2. Composition (%) of different animal manure (After Pillay, 1995)

Composition Pig Cattle Duck | Chicken
Water 72.4 77.3 7 56
Organic matter 25.0 203 6 26
Total nitrogen (N) 0.45 0.45 1 1.6
Proteinic nitrogen - 0.28 - -
Ammoniacal nitrogen - 0.14 - -
Phosphorus (P,Os) 0.19 0.23 4 1.5
Potassium (K,0) 0.60 0.50 0.6 0.9
Calcium (CaO) 0.18 0.40 1.8 2.4
Magnesium (MgO) 0.09 0.11 - -
Sulphuric acid (SO3) 0.08 0.06 - -
Iron and aluminium 0.07 0.05 - -
Sesquioxides (R,03) - -
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2.2.1.1.2. C: N: P ratio of manures

The C: N: P ratio greatly influences the decomposition rate of any manure
and indicates its nutrient supply potential as well. This ratio again is highly
variable from one source to another. Pillay (1995) documented (Table 3.) N: P as
well as C: N ratio of different manures.

Table 3. N: P and C: N ratio of different manures.

Manure N:P ratio C:N ratio
Buffalo manure 2 -
Cow manure 3 18
Duck manure 2 -
Goat and sheep 2 -
Horse manure - 25
Night soil 2 6-10
Pig manure 2 -
Poultry manure 2 15
Urine 11 0.8
2.2.1.1.3. Nutritive value of animal manure

Animal manures applied in a pond in fine particulate or colloidal state
stimulate heterotrophic growth of bacteria by providing necessary surface area for
their attachment and facilitates their mineralization. The mineral fraction is
directly available for photosynthesis, but apparently because of limited light
penetration in manured ponds, phytoplankton production is reduced. However, the
production of zooplanktonic organisms is generally more rapid and they feed on
the nanoplankton and bacteria produced in the pond. Heterotrophic production is
at its maximum level at the soil water interface in fish ponds and this is conducive
to abundant benthic growth (Pillay, 1995).
2.2.1.1.4. Decomposition of organic manure

Decomposition refers to the physical breakdown of the material, usually
measured as mass loss, while mineralization refers to the release of inorganic
nutrients available for plant uptake. It is primarily a biological process resulting
from enzymatic activities of micro organisms and influences a variety of ways by

activities of the soil fauna (Visser, 1985).

8 Pradhan, A, M. F. Sc. Thesis, FAQ WBUAFS, 2010



Review of Literatures

The components of decomposition are grouped into abiotic and biotic
factors. Organic decomposition depends largely on physical factors like
temperature, the supply of oxygen, moisture, pH, available minerals and the C/N
ratio of the added material. Likewise biotic factors like, microbial population, age
and lignin content of the added residue and degree of disintegration largely
determines the rate of mineralization and supply of inorganic nutrients from the
added manures.
2.2.1.1.4.1. Abiotic factors
2.2.1.1.4.1.1. Temperature

It is very difficult to separate the effects of temperature on early
decomposition from that of many other environmental factors, because
temperature often co- varies with other factors that also affects decomposition.
Paul and Clark (1996) observed that decomposer organisms have a wide range of
temperature optima even though their activities often show a positive correlation
with increased temperature (Swift ez al., 1979). A change of 10°C in mean annual
temperature was associated with a 4 to 11 fold increase in the decomposition of
leaf litter of a dominant species at a particular site (Vitousek et al., 1994).
2.2.1.1.4.1.2. Oxygen

Oxygen supply is essential to aerobic micro-organisms, the primary
agents in decomposition. Thus, reduction in air supply will result in reduced
decomposition rates (Broadbent ez al., 1964; Kowalenko et al., 1978; Clark and
Gilmour, 1983).
2.2.1.1.4.1.3. Moisture

Decomposition rates increase with increasing moisture if temperature is
adequate (Bunnel et al., 1977). However, very high moisture severely constrains
the activity of microbial communities (Bunnell ef al., 1977; Couteaux et al., 1995).
2.2.1.14.14. pH

Microbial populations are highest in soils with a neutral pH. Neutral
soils, therefore, are more conducive to decomposition than acidic or alkaline soils.
Since many soils in the coniferous nurseries are commonly acidic, the addition of
lime could manipulate soil pH and supply calcium, accelerating initial
decomposition. Lime additions, however, need to be monitored carefully to
prevent an excess in pH and subsequent infection by damping-off fungi (Ajwa and
Tabatabai, 1994).
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2.2.1.1.4.2. Biotic factors
2.2.1.1.4.2.1. Micro-organisms

When exposed to organic tissue, bacteria "invade"- eating and digesting
the tissue, breaking it down into simpler forms for other bacteria and organisms to
consume. As a group, bacteria are considered to be nutritionally diverse, which
means that they can eat almost anything, living or dead (Brian and Parker, 1991).

On the other hand, actinomycetes are a higher form of bacteria, similar to
fungi, and second in number to bacteria. They don't respond well to acidic
conditions (pH < 5) or high moisture conditions, but operate best at medium
temperature areas of the compost. Actinomycetes take over during the final stages
of decomposition, often producing antibiotics that inhibit bacterial growth. They
liberate carbon (C), nitrate nitrogen (NOs3) and ammonium nitrogen (NH4-N)
making nutrients available to plants (Morarty, 1987).

Fungi are smaller in number than bactenia or actinomycetes, but larger in
body mass. Fungi are simple organisms that lack a photosynthetic pigment. The
individual cells have a nucleus surrounded by a membrane and they may be linked
together in long filaments. Fungi live on dead or dying material and obtain energy
by breaking down organic material. Like actinomycetes, fungi are present during
the early and final stages of composting, when the organic material has been
changed to a more digestible form. Of the major micro-organisms, fungi function
best under acidic conditions (Persson ez al., 1980; Boyd, 1995; Gaur ef al., 1995).
2.2.1.1.4.2.2. Macro-organisms

Macro-organisms or physical decomposers are the visible organisms
involved in transforming organic material into compost. Micro-organisms
decompose chemically, while macro-organisms are higher up in the food chain and
decompose physically - by digging, grinding, chewing, digesting, sucking and
chuming. These are the following- ants, millipedes, snails and slugs, nematodes,
fermentation mites, springtails, centipedes, sow bugs, flies, white worms, earth
worms (Park, 2001).
2.2.1.1.4.3. Mechanism of decomposition

Organic residues are decomposed to inorganic substances such as carbon
dioxide, ammonia, phosphate, and water, which are lost from the soil by
volatilization, leaching, or erosion (Boyd, 1995). According to Anderson (1987),

variables controlling decomposition of organic matter are types of decomposers,
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environmental quality, and characteristics of the residue. The substances that are
decomposing more readily are known as labile organic matter, and those that
decompose slowly are known as refractory organic matter.

Percentage decomposition of different components of a plant residue in
one year were sugar- 99%, hemicelluloses- 90%, cellulose- 75%, lignin- 50%,
waxes- 25%, and phenols- 10%. Swift et al. (1979) divided decomposition into
three processes viz- comminution, catabolism and leaching. Comminution is a
reduction in particle size of organic residues by animals feeding on them and by
physical forces. Catabolism is the enzymatic degradation of substrate by soil
bacteria, fungi, actinomycetes and animals. Leaching is the downward movement
of soluble organic matter in the soil.
2.2.1.1.4.3.1. Leaching of nutrients

It must be appreciated that only a fraction of the P, N and C in the manure
will become available for algal growth. Most of the nutrient release occurs within
a few days of adding the manure to the pond, primarily through leaching and the
breakdown of soluble organic molecules (Amir Ullah, 1989; Nath and Lannan,
1992). A certain percentage of manure-P, -N, and -C will remain bound in
particulate matter, and will eventually be buried in pond sediments. Manure
nutrient concentrations, and the percentage of manure-P, -N, and -C which
becomes available for algal uptake, depend primarily on the animal’s diet, texture
of the manure like liquid or solid, and the age and storage conditions of the manure
(Muck and Steenhuis, 1982).

The source-animal’s diet is important because what comes out of an
animal is directly influenced by what it consumed (Little and Muir, 1987; Ullah,
1989). Animals fed high-protein diets typically have manures richer in N and P
than manure from similar animals that rely on scavenging for their sustenance.
Secondly nutrient availability is related to the consistency or form of the manure.
Liquid excretions (e.g., urine) already contain algal nutrients in soluble forms, and
more nutrients will be released with the decomposition of soluble organic matter.
Smaller percentage of the total manure-N, P, and C in solid wastes will become
available for algal uptake (Colman and Edwards, 1987; Knud-Hansen et al.,
1991a). The third factor affecting the percentage of available nutrients is the age

and storage conditions of the manure. Fresh manure contains more nutrients than

manure which has been stored for some while. During manure storage, aerobic
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decomposition results in the release of CO, and ammonia, reducing both the total
amount and percentage of N and C available to algaec when the manure is
eventually put in the pond (Muck and Steenhuis, 1982; Ullah, 1989).

2.2.1.1.5. Organic manuring and water quality

It is a well established fact that one of the most essential attributes
towards the success of any aquaculture practice is the maintenance of appropnate
water quality in the culture system. The available organic pool in manured ponds
1s usually duplicated everyday via bacterial production (Schroeder, 1987).
Heterotrophic microorganisms, necessitating some organic sources of carbon in
addition to inorganic forms for growth, have a significant role in the
decomposition of organic matter and production of particulate food materials from
dissolved organics (Jana and De, 1990). However, the role of heterotrophic
bacteria in the food web and its effect on fish yield are poorly documented
(Moriarty, 1987).

Organic manuring also leads to severe depletion of dissolved oxygen,
high biological and chemical oxygen demand, and high ammonia levels (Boyd,
1982), leading to stress in cultured fish (Parker, 1986). Debeljak and Fasaic
(1985) found that organic manure caused undesired deviations of oxygen and
ammonia, while other parameters did not significantly change. Application of
manures increased the free carbon dioxide, decreased in dissolved oxygen levels,
whereas, pH values of soil and water declined slightly and the amount of nitrogen
released from the organic manures to water and soil phases, increased gradually
with the period of incubation (Chattopadhya and Mandal, 1980).
2.2.1.1.6. Role of heterotrophs in production pathway

The basic arrangement of an ecosystem comprises two strata, namely, an
upper autotrophic stratum where light is present and which contains the
photosynthetic organisms, and a lower heterotrophic stratum where there may not
be much light but has the consumer nutrient regenerating decomposing organisms
(Jhingran, 1995). Heterotrophic microorganisms, necessitating some organic
sources of carbon in addition to inorganic forms for growth, have a significant role
in decomposition of organic matter and production of particulate food materials
from dissolved organics (Jana and De, 1990). In a pond ecosystem the nitrogen
flow is mainly linked to heterotrophic (decomposition) processes. Thus, the

biogeochemical cycling of heterotrophic bacteria plays a key role in the nutrient
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dynamics of fish ponds (Milstein et al., 2003). Heterotrophic microbes live off of
nutrients that they scavenge from living hosts (as commensals or parasites) or find
in dead organic matter of all kind (saprophages). Microbial metabolism is the
main contributor for the bodily decay of all organisms after death (Zhu et al.,
2008). Heterotrophic microbes are extremely abundant in nature and are
responsible for the breakdown of large organic polymers such as cellulose, chitin
or lignin which are generally indigestible to larger animals Generally, the
breakdown of large polymers to carbon dioxide (mineralization) requires several
different organisms, with one breaking down the polymer into its constituent
monomers, one able to use the monomers and excreting simpler waste compounds
as by-products, and one able to use the excreted wastes (Cabello et al., 2004).
2.2.2. Planktons and aquatic food web

Plankton occupies the pelagic zone of the water column which is named
after its pelagic inhabitants (Ricklefs, 2007). Plankton is the basis of freshwater
and saltwater ecosystems, meaning that all aquatic life is dependent upon the
energy and oxygen it provides. Plankton is important to the food web as the initial
food source for every food chain. Phytoplankton is the primary producer of all
aquatic food chains, gaining energy from the sun to perform photosynthesis,
providing food, energy and oxygen needed to sustain plant and animal life. Energy
not used by the phytoplankton for maintenance is available as food for the animals
that consume it (Ricklefs and Miller, 2000).

Plankton's wide range of sizes makes them a beneficial food source for
animals and other plankton. Even whale-sharks, one of the largest animals in the
ocean, feed primarily on plankton. Filter feeders are the primary consumers of
plankton, as they feed by filtering water through their mouths and consume the
food that remains. Filter feeders include any number of species, such as fish,
mammals, and squid. As the base of the food chain, the balance of energy in
aquatic ecosystems is dependent upon the supply of plankton in the pelagic zone of
the water column (Burnham, 2001).

Since the microbial food web was postulated (Azam et al., 1983), food
web interactions within the plankton of lakes and oceans have received a lot of
attention (Ducklow, 1991; Stone et al., 1993; Gaedke et al., 2002). As main
consumers of bacterial production, the productive protozoans play an important

role among the plankton. They are an essential component of the pelagic food web
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and thus of pivotal importance in the degradation of organic matter in aquatic
ecosystems. In addition, several species of ciliates and flagellates are able to
consume algae and other protozoans and could perform similar functions in the
food web as the metazoans (Sanders, 1991; Sherr and Sherr, 1994; Amdt et al.,
2000).

Phytoplankton absorbs about 3 percent of the light shining on the ocean.
By comparison, plants on land absorb about 15 percent of the available sunlight.
This discrepancy is caused by the ocean itself, which absorbs sunlight in varying
degrees. This competition for vital light resources is a limiting factor for the rate
of primary production in aquatic ecosystems (Denny, 2008). Phytoplankton is
consumed by herbivorous animal microorganisms called zooplankton. Populations
of zooplankton provide nourishment for secondary consumers such as fish, whales
and crustaceans. Without plankton, smaller fish and crustaceans would be without
a food source and would die, causing a linear effect of death and extinction among
bigger fish and mammals. Plankton takes in carbon dioxide and gives off oxygen
during the process of respiration, supplying half of the Earth's oxygen, affecting
the survival of aquatic and land food web (Divico, 2009).
2.2.3. Manures and plankton production

A common approach for increasing fish production in ponds is the direct
application of fertilizer, which enhances production of plankton, a natural food
item for fish (Chakrabarti and Jana, 1998). Pond fertilization practice using animal
wastes are widely used in many countries to sustain productivity at low cost
(Gupta and Noble, 2001; Majumder et al., 2002). Upon decomposition, organic
manures release inorganic nutrients that stimulate plankton growth at the base
trophic level of aquatic production cycle. The number of phytoplankton in
fertilized pond was recorded as more than 10 times higher than the unfertilized
ponds (Boyd, 1982). The contribution of different groups of plankton population
also differed with respect to the manures (Dhawan and Toor, 1989). Fertilization
(both inorganic and organic) has of great implications in increasing primary
productivity that usually follows in greater zooplankton production in ponds
(Boyd, 1982; Shandhu et al., 1985) though the abundance and composition of
zooplankton are strikingly different.

In India, cow dung is the most common organic manure applied to fish

ponds (Singh and Sharma, 1999). Organic matter in cow manure accelerates the
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development of large bacterial population as a result of decomposition (Buschiel,
1983). Hassan (1990) observed that zooplankton biomass varied from 0.12 to 9.48
mg 1" in cow manure treated ponds, where naupli were the dominant group
(59.3%) among zooplankton, followed by rotifers (24.8%), copepods (11.9%), and
cladocerans (4.0%). Grag and Bhatnagar (1999) reported the effects of five (5000,
10,000; 15,000; 20,000; 24,000; kg ha™ yr") different doses of organic fertilizer on
the pond productivity in terms of plankton production and fish biomass in fresh
water fish ponds. Highest plankton population, zooplankton, fish biomass and
specific growth rate (2.3% bodyweight day™') were observed in ponds which were
treated with fertilizer at the rate of 15,000 kg ha'yr™".

Among the manures, chicken manure is preferred because of its ready
solubility and high level of phosphorous concentrations (Knud- Hansen er al,
1991). Soluble organic matter supplied to ponds by using manure stimulates
phytoplankton growth (Sevillega et al., 2001) and increases biomass of
zooplankton and benthic organisms (Atay and Demir, 1998). Poultry manure gave
the quickest best results for plankton production among cow, poultry, goat, sheep,
pig and horse manures (David, 1969). Fang et al. (1986) carried out an experiment
with chicken and pig manure in ponds and they reported that chicken manure was
suitable for plankton production. Dinesh et al. (1986) reported that poultry manure
is the best among the commonly used organic manures in India. Dhawan and Toor
(1989) reported that total phytoplankton were significantly higher in the ponds
treated with poultry droppings alone and in combination with cow dung than in the
ponds with cow dung alone and in combination with supplementary diet,
indicating the fertilization superiority of poultry manure over cow manure. Rosy
(1993) compared the effect of cow and chicken manure on the production of
plankton and observed four groups of phytoplankton such as Cyanophyceace,
Bacillariophyceace, Chlorophyceae, and Euglenophyceae and four groups of
zooplankton such as Rotifera, Copepoda, Cladocera and Nauplius in her study.
Banerjee (1979) and Bhanot et al. (1991) reported that organic fertilizer especially
poultry manure treated ponds gave a comparatively higher production of
zooplankton. Yadav and Grag (1992) who found that the mean fish production, net
primary productivity, plankton population and nutrients were greater in the ponds

treated with organic fertilizer at the rate of 1500 kg ha’'yr' and given

"W }Q’fatﬂian, A., M. F. Sc. Thesis, FAQ, WBUATS, 2010



Review of Literatures

supplementary feed on alternative days than in ponds treated with organic fertilizer
at the rate of 10000 kg ha'yr"' but with daily feeding.

Ovie and Adepoju (1995), were successful in mass culturing zooplankton
predominated by Moina sp. (90% and 97.2%, by composition and biomass
respectively) using pig manure in outdoor concrete tanks sufficient for feeding fish
larvae and fry for the entire rearing period. Total phytoplankton population growth
in the ponds treated with poultry manure alone has been higher due to the presence
of sufficient PO4-P and NOs-N release from the manure in water (Varghese and
Shanker, 1981; Sood, 1984). Jana and Chakrabarti (1993) revealed that the
differences in offspring production of Cladocerans were directly correlated with
increasing levels of NH3;-N. Frequent application of low doses of manure resulted
in significantly higher number and biomass of Daphnia (Jana and Chakrabarti,
1997).

2.3. Seasonal diversity of plankton

Planktonic communities are sensitive indicators of trophic nature of a
water body (Nyaggard, 1949). The seasonal occurrence and species composition
in plankton production is directly or indirectly influenced by the physico-chemical
factors of the water Bhowmik er al. (1993). In temperate latitudes the driving
force and mechanisms of seasonal changes are related to vanations in the physical,
chemical and biotic environments, e.g. changes in solar irradiance and nutrient
levels. However, in tropical latitudes the seasonal succession of phytoplankton
species depends on ambient nutrient levels more than on other environmental
factors. Minimal seasonal variation in day length and heat income does not
prevent remarkable phytoplankton seasonal cycles in the tropics (Sirikhae et al.,
2004).

The zooplankton in the surface water of a fresh water lake are those
which are caught in a fine meshed net towed slowly through the water column, and
consist mainly of protozoans, rotifers, cladocerans, copepods and a great variety of
larval forms (Odum, 1971; Clesceri et al., 1998). Zooplankters inhibiting a
shallow freshwater lake respond quickly to environmental changes, and hence their
species composition and frequency of seasonal abundance fluctuate according to
the changing status of the water mass in which they are found (Gannon and
Stemberger, 1978; Carmichael, 1981; Chattopadhyay and Banerjee, 2007). The

net zooplankton species increased their abundance during summer (April- May),
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probably corresponding to the water quality, decaying vegetation, increased levels
of organic matter in the sediment and higher abundance of bacteria in the lake
during this time (Jacoby and Greenwood, 1989; Srivastava et al., 1990; Coman e?
al., 2003). In contrast, the abundance of net zooplankton species decreased in
winter (November- January), probably corresponding to low water temperature
and high alkalinity (pH 7.6-9.8) of the water (Chattopadhyay and Banerjee, 2007).

The diurnal, seasonal, and interannual patterns in zooplankton and
micronecton species composition in the subtropical Atlantic exhibit peak
abundances during the spring bloom (Feb.- Mar.) but there is a considerable
vaniation between species with in a taxon. Pronounced vertical migration occurs in
many species. Species diversity within several major taxa is lowest in the winter
and highest in spring and summer. Diversity is also significantly higher at night
due to the presence of vertical migrators. Diurnal, seasonal, and interannual
difference in species abundances are evident even upto the genus level (Steinberg
et al., 2003). Seasonal cycle of phytoplankton in Northern temperate oceans
exhibit highest phytoplankton growth in the spring when there is plenty of light
and nutrients. A secondary peak in phytoplankton biomass occurs in the autumn
(Spokes, 2003).

2.4. Dose and frequency of manuring

Optimal manuring rate is the highest amount of organic matter that can be
utilized in a pond ecosystem without showing any adverse effect on fish growth
and water quality. Using regression analysis, Edwards et al. (1996) indicated that a
more efficient use would be a daily input of a maximum of 1 kg dry matter (DM)
per 200 m® pond. The buffalo manure conversion efficiency would almost double
from 1.0 to1.9% with a recommended reduced loading rate from 5 to 2 kg DM
with further increase in fish yield.

The results from different studies pertaining to the conversion values per
unit of input indicated an optimal manuring rate of about 5g m™ day™ carbon in
ponds treated with higher doses. This is equivalent to 100 kg DM of manure ha’
'day”', which may be accepted as a standard manuring rate in Europe (Olah, 1986).
In Thailand, manuring rate exceeding 20 g DM m™”day” caused water quality
deterioration in terms of erratic diurnal dissolved oxygen fluctuations and high

concentrations of ammonia and nitrate (Villacorta, 1989).
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There is wide variability with dosage and frequency of manuring. With
differences in source of manure, test species and climatic differences different
authors have designed their studies with wide variations in their findings (Table 4).

Table 4. Dosages and frequencies of manuring under different studies

Type of manure Dose Frequency Reference
Mixed fertilizer (Pig 105-6757g tank T Weekly in a Bhakta et al.,
dung, Cow manure, twofold 2006

SSP, Urea.) manner
Cow dung @0.10g N»/100g Daily Javed et al.,
wet fish wt. 1992
Cow dung @ 0.1g and 0.15¢g Daily Fatima et al.,
N/100g wet fish wt. 2003
Cow dung (Fresh and | @0.1gN/100g wet Daily Shumaila et al.,
dry) fish body wt. 2003
Pig manure, Cow @ 3% in dry wt. of Daily Baotong er al.,
manure, chicken the total wt. of the 1983
manure stocked fish.
Cow dung + Pigdung | @70kgha™, 45kg Daily Singh and
+ Poultry excreta ha', 35kg ha™. Sharma, 1999
Pig manure 18 and 36 ton ha™' Yearly or Dhawan and
weekly Kaur, 1997
Pigeon droppings, After liming @ Three Patra and Roy,
Goat dung, Cow dung | 500kgha™ and @ installment 1988
10,000kg ha™'.
Cow dung and @ 0.13kg m>, Every 10 Jha et al., 2004
Poultry excreta 0.26kg m™, 0.39kg days
>

2.5. Manuring and productivity

The efficient usage of fertilizer may sustain a high level of primary
production; fish production is highly dependent on the availability of the fish to
efficiently utilize the natural food available in the pond. This level of efficiency
will greatly depend on the composition of fish species stocked and their relative

densities. Rappaport et al. (1977) observed that higher extents of phytoplankton
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and chironomid larvae in organically manured fish pond. Animal manure is often
used in semi intensive system systems to improve the primary production of the
ponds and fish growth (Boyd, 1982; Colman and Edwards, 1987; Schneeberger
and Lin, 1988; Miska, 1988; Knud Hansen et al., 1993; Edwards et al., 1997).
Poultry and Cattle manures have been tried with Oreochromis niloticus and O.
shiranus in ponds and produced good results (Gupta et al., 1992; Knud Hansen et
al., 1993; Kamanga and Kunder, 1998).

In India, Alikunhi et al. (1955) manured the nursery ponds with cow dung
at the rate of 11,208 to 22,417 kg ha"'. They concluded that heavy manuring with
cow dung colours the water dark brown and while during the first 8-10 days of
manuring, the phytoplankton content of the water is remarkably poor, there after
the water teems with zooplankton, particularly rotifers, cladocerans and copepods,
the crop of animalcules lasting from 7- 10 days. The average production of
plankton in ponds manured @11,208 kg ha™' is reported to be more than in those
manured @16,812 kg ha!. The manure is to be applied 15-20 days before the
anticipated date of spawn release. Benerjee et al. (1979) observed that poultry
droppings along with cow dung resulted in faster growth rate of C. carpio spawn
than cow dung alone.

2.6. Fish production potentials of different manures

A net yield of 2928.54 kg ha' yr' of major carps under polyculture
conditions with adding cow dung at the rate of 0.10 g nitrogen (from cow dung)
per 100g of wet fish weight daily (Javed et al., 1992). Saha et al. (1980) reported
that cow manure application in major carp nursery ponds yield 50-60% more fish
than the untreated ponds. The use of cow manure resulted in an increase of gross

' day' in about 40 days (Costa and

fish production from 0.18 to 1.8 g m
Keemibiahetty, 1993).

Doria and Leonhardt (1993) estimated the increase in weight and length
from May to December in 189 carps reared in semi-intensive polyculture with
Collossoma macropomum, Piaractus mesopotamicus and Prochilodus scrofa in a
900 m” earthen tanks fertilized with poultry litter 100 g m™ fortnightly. Fish were
given a pelleted feed with 28% crude protein 5 and 1.5% of total biomass of the
tanks in warm and cold months, respectively. Mean weight increase from 8.2 to

598.6 g and mean length from 7.6 to 30.94 cm. Mean daily gain in weight and
length was 4.86 g and 0.018 cm, respectively. Ghosh et al. (1994) reported that
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the growth of Java punti (Puntius javanicus) when reared alone and catla (Catla
catla), mrigal (Cirrhinus mrigala) and Java punti reared together in the rice field
was superior when organic fertilizer was applied either alone or in combination
with an inorganic fertilizer. Biogas-plant effluent supplied at 0.15% (W/V)
concentration level at 3 days interval with no supplementary feeding resulted in
maximum weight gain of 0.67 g fish''day™ of Oreochromis mossambicus with a
total production of 4826 kg ha™ in 125 days (Balasubramanian and Bai, 1996).

The effects of 5,000; 10,000; 10,000; 15,000; 20,000; 24,000 kg ha'yr !
doses of organic manure on pond productivity in term of plankton production and
fish biomass exhibited highest plankton population, zooplankton, fish biomass and
specific growth rate (2.3% bodyweight day ™) in ponds which were treated with
fertilizer at the rate of 15,000 kg hayr ! (Grag and Bhatnagar, 1999). Mahboob
and Sheri (1997) studied the growth performance of six fish species under the
influence of artificial feed, broiler manure, buffalo manure and N: P: K (25: 25: 0).
Broiler manure and N: P: K (25: 25: 0) fertilization remained the best treatment for
maximum fish production of 9400 and 7300 kg pond'year '. A mixture of
organic and inorganic fertilizers in the ratio of 3:1 (cow dung: phosphate) was
quite effective in increasing pond production when applied at a rate of 500 kg ha™
(Hora and Pillay, 1962). According to Pulin and Shehadeh (1980) organic matter
of cow manure added at the rate of 3-4% standing fish biomass, gave a fish yield
of 20 kg ha™' day "'. Better growth of a fish with higher rate of manure application
has also been reported by Hickling (1962) and Hassan (1989).

Production potentials of manures from different sources varied widely
primarily because of the variability in dosage and test fishes (Table 5). Again,
such variability has been influenced because of the differences in stocking rate and

stocking size of the test fishes under variable test conditions.
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Manure | Dose Cultured | Stocking Yield Referen
sp. ce
Mixed 500kg ha'week'; | Juvenile of |2 no. of 314.8kg | Kangom
type 1200kg ha'week | T. rendali | fishm™ ha”, be,
(Chicken, 583kg ha™ | 2006.
Pig, ! 608kg
Cattle ha'!
Cow @ 0.1gand 0.15g | IMC 4:3:3 2238.80k | Sughra
manure N/100g wet fish g/ha/yr etal.,
wt. and 2003
2265.21k
Cow @ 0.1gN/100g Labeo 4:3:3 1127.23k | Afzal et
dung wet fish body wt. | rohita, ghal/yr, |al, 2003
(Fresh Catla 1358.38k
and dry) catla, C. g/ha/yr
mrigala
Cow @0.10g N»/100g | IMC 4:3:3 2928.54 | Javed et
dung wet fish wt & al., 1992
767.29%g
Cow @ 0.13kg/m’, Koi 0.2fish/l 738to |Jhaer
dung + | 0.26kg/m’, carp(C. (400fisy | 9.17gm |al,
Poultry 0.39kg/m’ carpio var. | tank) 2004.
manure koi)
Cow @70kg/ha, L. rohita 6000no./ha | 2663.50, | Singh
dung + 45kg/ha, 35kg/ha | fingerlings 2219.789 | and
Pig dung kg/ha/yr | Sharma,
+ Poultry 1999.
excreta
Pig 18 and 36 ton/ha | Carp 2 fish/m” of | 2630.49, | Dhawan
manure polyculture | different 2210.34 Ia(n:ur,
fish species | kg/ha/yr | 1997
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Cowand | @ 0.26kg/m” Koi 0.3 fishl. |3.14 Jha et
poultry carp(C. t09.64 | al., 2008
carpio var.
manure koi) gm
Pig @2.0g/m*/day Polyculture | 8500fish/ha | 0.184g/m | Sharma
2/da and
y Olah,
1986
Cow @1.2g/m"/day Polyculture | 5,000 no 0.106g/m | Schroed
manure fish/ha %/day er, 1974
Cow @Sg/mf/day Polyculture | 18,000 0.326 Moav et
fish/ha g/m’/day | al., 1977
Cow @Sg/mj/day Polyculture | 16,000 0.300 Schroed
2 er and
fish/ha g/m“/day Hepher,
1979
Chicken @Sym7/day Polyculture | 17,500 0.310 Olah,
fish/ha g/m*/day | 1986

2.7. Limitations of organic manure

The use of organic manure in aquaculture is an ancient practice and,
despite its drawbacks, continues to be used by aqua culturist as an efficient and
economical means of increasing production. The indiscriminate use of these
manures in fish ponds, instead of improving the pond productivity, may also lead
to pollution. One of the major problems in the use of organic manure is the
extreme variability of composition. Rapid decomposition of the manure and the
increased bacterial population can results in oxygen depletion and fish mortality.
Organic matter in cow manure accelerates the development of large bacterial
population as a result of decomposition (Buschiel, 1983).

Over manuring may also promote incidence of disease (Pillay, 1995).
Pond fertilization using high amounts of animal wastes are known to have caused
noticeable harm to the environment (Quines, 1988), by proliferating the growth of
pathogenic bacteria like deromonas sp. and Pseudomonas sp. (Hojovec, 1977,
Sugita et al., 1985; Jinyi et al., 1987). Fresh water fish in Indian ponds commonly
suffer from bacterial diseases such as various kinds of skin ulcerations,
albinoderma, erythroderma, furunculosis, and vertical scale disease, primarily

caused by Aeromonas sp. and Pseudomonas sp. (Das, 2003). The microbiological
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quality of fish pond water should be considered as the criterion for assessment of
organically manured pond water. Buras er al. (1985) found that critical
concentration of standard plate count bacteria to be 5x10* ml”', beyond which
microbes appeared in the fish meat.

Organic manuring also leads to severe depletion of dissolved oxygen,
high biological and chemical oxygen demand, and high ammonia levels (Boyd,
1982), leading to stress in cultured fish (Parker, 1996).

Public health concems related to helminthes requiring fish or other
aquatic organisms as intermediate hosts in organic manured ponds have been well
documented (Larsson, 1994; Santosh, 1994; Polprasert, 1996; Egna and Boyd,
1997). It seems apparent that organic manure, if used, should be applied with

caution in view of the above facts.

The foregoing review on the subject of organic manuring in aguaculture
clearly indicated the lack of conformity so its advantages and disadvantages are
concemned. Though, several studies have been made in different countries with
variable sources of manures under aquaculture conditions with different test fishes,
the results are not homogenous and reproducible. This is because of the variability
of chemical composition of the manures of diverse origin and variable cultivable
conditions. Therefore, more studies are necessary particularly with regards to the

dosage and frequency of locally available manures from the farm animals.
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3. Materials and methods

The present study to investigate the effects of manuring schedule upon the
physicochemical, biological, microbial population and above all the growth
responses of common carp (Cyprinus carpio) and rohu (Labeo rohita) has been

conducted in outdoor experimental tanks.
3.1. Preparations of experimental tanks

Twenty one outdoor cylindrical experimental tanks (180 1) were selected
for the present investigation. After thorough washing and sun drying, the tanks
were provided with agricultural soil base of 15 cm. They were then filled with
ground water (pH 7.5), randomly grouped into seven batches in triplicate and kept

undisturbed for 10 days for conditioning.
3.2. Application of manure

Cow manure was selected for the present experiment as it is widely being
used in composite farming of carps in India and is readily available. The first two
batches of the experimental tanks were designated for weekly, the third and fourth
batches for fortnightly, and the fifth and sixth batches for monthly application of
manure, whereas, the remaining seventh batch without manure application served
as control. The conventional rate of 10,000 kg/ ha/month cow manure as usually
practiced in preparation of fish ponds in India was selected as the dosage for the
initial application. Therefore, the actual amount of manure needed for monthly
application has been divided into two and four split doses in the treatments with
fortnightly and weekly manuring schedule keeping the absolute amount of manure
in all the three treatments equal (Table 6.). Afterwards, during the culture period
the dosage became half in the subsequent months as usually practiced by the fish

farmers.
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Table 6. Amount of manure applied in different treatments

Frequency of application Actual amount required

(g/ cistern)

Preparatory dose

Weekly 80
Fortnightly 160
Monthly 320

Maintenance dose

Weekly 40
Fortnightly 80
Monthly 160
3.3. Stocking of fish

Fingerlings of common carp (Cyprinus carpio) and rohu (Labeo rohita) (1:1) were
stocked @ 10 fingerlings/cistern ten days after first instalment of manure
application in one batch each of the two batches in all the three manuring
schedules (WF, FF, MF). The remaining batches without fish in weekly manuring
(W), fortnightly manuring (F) and monthly manuring (M) served as control. The
last batch without manuring was also stocked with fish at same density which
served as another control set. The fish was kept in the tanks for a period of 120
days. No supplementary feed was applied during this period to avoid interaction

between feed and manure.
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3.4. Water replenishment

A fixed level of water was maintained in the experimental tanks by periodic
addition of ground water to compensate the losses due to evaporation and

sampling.
3.5. Collection of Sample
3.5.1. Water sample

Water samples were collected at 15 days interval from each of the tanks at
a fixed hour of the day (8:00 a.m.) by completely dipping the collection bottle at 15
cm depth for physico-chemical analyses. During collection of water samples,
cautions were taken so as to prevent air bubbling, which might influence water

quality parameters such as dissolved oxygen.
3.5.2. Soil sample

Soil samples from each of the cisterns were collected by using a mini hand
grab sampler. They were air-dried, pulverized with pestle and mortar and sieved

through 150 pm mesh sieve and stored in labeled polythene packets for analyses.
3.5.3. Plankton sample

A conical plankton net made of bolting silk cloth (no. 21 with 77 meshes
per square centimeter) was used to collect the plankton sample. About 51 of water
from each of the cisterns was collected from randomly selected locations with the
help of a 500 ml beaker and pooled together for filtering. The filtered sample of
plankton was preserved in 4% formalin solution and stored in labeled vials for

subsequent quantitative and qualitative analysis (APHA, 1995).
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3.6. Analyses of samples
3.6.1. Water quality
3.6.1.1. Temperature

Surface water temperature was measured using a centigrade thermometer

on spot and expressed as °C (APHA, 1995).
3.6.1.2. pH

pH of water samples was recorded by a digital pH meter (ADCO) on spot.
3.6.1.3. Dissolved oxygen (DO)

For estimation of dissolved oxygen content of water Winkler’s method was

followed (APHA, 1995).
3.6.1.4. Total alkalinity

Total alkalinity of water samples was estimated using phenolphthalein and

methyl orange as indicator and N/50 H,SOj as titrant (APHA, 1995).
3.6.1.5. Ammonium- nitrogen (NH4-N)

After proper filtration of the sample, phenol solution, sodium nitropruside
solution and oxidizing solution were added to the sample. The samples were then
wrapped with paper and kept at room temperature (22-27 °C) in subdued light for
at least 1 hour. A blue colour appeared which was stable for 24 hrs. The ammonia
concentration of the samples was directly estimated through a double beam UV-

vis-Spectrophotometer (CECIL CE-4002) at 543 nm wavelengths (APHA, 1995).
3.6.1.6. Nitrite nitrogen (NO;-N)

The water sample was filtered through Whatman filter paper No. 1 and 50
ml of filtered water sample was added with 1 ml of sulphanilamide reagent. After 3
minutes, 1ml of aromatic amine reagent was added and shaken thoroughly. The
absorbance value at 543 nm against distilled water blank was recorded (APHA,
1995).
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3.6.1.7. Orthophosphate (PO, - P)

The orthophosphate level of water was determined colorimetrically (UV-
vis-Spectrophotometer (CECIL CE-4002) at 690 nm following the stannous
chloride method (APHA, 1995).

3.6.1.8. Biochemical oxygen demand (BOD)

Biochemical oxygen demand was estimated by standard methods of
(APHA, 1995). The water sample was collected from each cistern on the sampling
day and initial D.O. value was estimated by Winkler's method. Other water
samples from each cistern were kept in the B.O.D. incubator for 24 hours and final
D.O. was estimated by the same method. BOD, value was calculated by

subtracting final D.O. value from initial D.O. value and expressed as mgl™'.
3.6.1.9. Primary production

The dark and light bottle technique described by Winberg (1963) was
followed for the measurement of primary productivity of phytoplankton. Water
samples were collected in 125 ml borosil glass bottle in triplicate from each cistern
taking all necessary precautions during filling to prevent air bubble from remaining
in the bottle. All the bottles were then exposed at the surface layer of water under
normal light conditions for 6 hours. The oxygen content of all the dark and light
bottles was monitored using modified Winkler’s method. The calculation
described by Vollenweider (1974) was used to measure the rate of primary
production. The results of primary production in terms of oxygen were converted

into mg carbon by multiplying with a factor 0.375 (Natarajan and Pathak, 1983).
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3.6.2. Soil quality
3.6.2.1. pH

The pH was determined with a digital pH meter (ADCO) using 1:2

suspensions of soil and water (Jackson, 1967).
3.6.2.2. Organic carbon

For estimation of organic carbon, air-dried powdered sediment sample (500
mg) was digested with 1 N K,Cr,O7 (20 ml) and concentrated H,SO4 (20 ml) and
kept for 30 minutes at dark. The digested sample was then diluted with 150 mi
distilled water and 10 ml ortho-phophoric acid and 1 ml diphenyl amine indicator
was added. It was then titrated against 0.5 N ferrous ammonium sulphate (Mohr’s

salt) until brilliant green colour appeared (Walkley and Black, 1934).
3.6.2.3. Available phosphorus

Available phosphorus was determined using 1:20 soil to Olsen’s extractant
(0.5 NaHCO; adjusted to pH 8.5) (Olsen et al., 1954) followed by Dickman and
Bray’s (1940) chlorostannous reduced molybdophosphoric blue colour method in

hypochloric acid system as described by Jackson (1967).
3.6.3. Analyses of plankton

Formaldehyde preserved plankton samples were analysed by ‘Drop Count
Method’ (APHA, 1995) under a binocular microscope.

3.6.4. Microbiological parameters
3.6.4.1. Total aerobic heterotrophic bacteria (AHB)

Aliquots of tenfold dilution from 10" to 10> for water samples were
made in sterile distilled water. The aerobic heterotrophic bacteria were
enumerated in nutrient agar by serial dilution of the sample, followed by the
conventional spread plate method (APHA, 1995). The bacteriological media was
obtained from Himedia Laboratories Ltd. Mumbai, India. After inoculation, the

Petri dishes containing the culture media were incubated at 37°C for 48 hrs. The
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population of bacteria was expressed in terms of cfu/ml. Each dilution of the
sample was plated in triplicate and arithmetical mean of the 3 counts was used in

the present study.
3.6.4.2. Cellulose decomposing bacteria (CDB)

Similar to HB, aliquots of tenfold dilution from 10 to 107 for water
samples were made in sterile distilied water. Conventional spread plate technique
under aerobic conditions was used to enumerate viable counts of cellulose
decomposing bacteria, following the methods described by Rodina (1972) and
Austin (1990) at an incubation temperature of 37°C for two- three days. Each
dilution of the sample was plated in triplicate and arithmetical mean of 3 counts

was used in the present study.

For each Petri dish, 15cm’ of CMC agar, made with 0.5 g Carboxymethyl
cellulose (a soluble form of cellulose); 0.1 g NaNOs; 0.1 g K;HPO,; 0.1 g KCI;
0.05 g MgSO0y; 0.05g yeast extract; 0.1 g glucose in 100 ml of water. The medium
was solidified using 1.7 % w/v agar (Apun, 1995).

3.6.5. Fish growth

Fish growth was recorded at 30 days intervals from each cistern. Half of
the stocked fish were caught randomly with a hand net and their length (cm) and
weight (g) increments were recorded for estimation of average weight gain,
specific growth rate (SGR). They were then released again as quickly as possible

for further growth. The following estimates were done as:
Average length gain = (Final length - Initial length)

Average weight gain = (Final weight - Initial weight)

Body weight gain (%) = Final wt. — Initial wt. / Initial wt. x 100

Specific growth rate (SGR) = 100 x [In. (W¢)— In. (Wy)/ days]
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3.6.6. Statistical analyses

All the data were statistically analyzed. One way analysis of variance was
applied to determine the significance of difference among the treatments. This was
followed by LSD test to compare the difference between any pair of treatment
combinations. Correlation-coefficient test was applied for determining the

relationship between selective biological and physico-chemical parameters.
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4. Results

4.1. Water quality
4.1.1. Physico-chemical parameters
4.1.2. Temperature

Water temperature ranged between (30 — 33 °C) during the period of study with

little variation among the treatments.
4.1.3. pH

Water pH did not differ much among the treatments and the values ranged from 7.8

to 7.2. Also, treatment difference remained insignificant (P > 0.05).
4.1.4. Dissolved oxygen (DO)

Dissolved oxygen concentration of water, in general, tended to increase over time
in any of the treatments employed. The treatments without fish exhibited higher
presence (4.16 — 8.23 %) of dissolved oxygen in comparison to their respective
counterparts with fish. Again among the treatments with fish dissolved oxygen
concentration was maximum (6.13 mg 1) in weekly manuring compared to
fortnightly (5.75 mg 1"') and monthly (5.71 mg I"') manuring schedule. The lowest

(5.55 mg 1"y concentration of dissolved oxygen was observed in control (Fig.2).

Overall treatment difference was highly significant (F = 3.870, P < 0.01)
during the course of investigation. LSD test revealed significance between most of

the treatment combinations excepting either between FF and WF or between FF

and MF.
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Fig.2: Temporal changes of dissolved oxygen concentration of water in

different treatments employed.
4.1.5. Alkalinity

In general, alkalinity of water exhibited declining trend in all the treatments
irrespective of the manuring schedule (Fig.3). However, the magnitude of
decrease was maximum (56.86%) in FF followed by C (56.66%), F (54.71%), WF
(53.06%), W (45.58%), M (32.20%), and MF (25%).

The overall treatment difference remained highly significant (F = 3.273; P
< 0.01) up to day 75 after which it became insignificant (P > 0.05). Again,
differences between any of the possible combination of treatments (LSD)

randomly remained insignificant (P > 0.05).
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Fig.3: Temporal changes of total alkalinity of water in different treatments

employed.
4.1.6. Biochemical oxygen demand (BOD)

Biochemical oxygen demand tended to increase in all the treatments excepting the
control (Fig. 4). However, the systems without fish in any of the manuring
schedules exhibited higher values than their respective counter parts with fish. The

maximum value (1.61 mg I'') was observed in W and minimum (0.58 mg l") in

control.
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Fig.4: Temporal changes of biochemical oxygen demand of water under

different treatments employed.

Overall treatment difference remained always significant (F = 10.06; P <
0.001), but differences between FF and MF with fish exhibited insignificance (P >
0.05) in some cases (LSD).

4.1.7. Nutrient parameters
4.1.7.1. Ammonium nitrogen

An increasing trend in the values of NH,4 - N was observed in all the treatments.
Higher values of NH4 — N in the treatments with fish in comparison to their
counterparts without fish in any of the manuring schedules were conspicuous

(Fig.5).

Again, overall mean value was maximum (0.203 mg 1"") in MF followed by
FF (0.179 mg 1"') and lowest in WF (0.126 mg I'"). Treatment differences
exhibited high level of significance (F = 9.1466; P < 0.001). However, differences
between M and MF, M and FF, F and FF or between W and WF exhibited

insignificance (P > 0.05) in some cases.

; Pradhan, A., M. F. Sc. Thesis, FAQ, WBUAES, 2010 Page 36



Results

- —=—W —8—\WF ——F ——FF —&—N ——\IF
0.35 -
0.3

0.25

NH,-N (ngl!)

(’ ¥ L] T | Ll T A

15 30 45 60 s 9 105 120
Days

Fig.5: Temporal changes in the ammonium nitrogen concentration of water

under different treatments employed.
4.1.7.2. Nitrite nitrogen (NO;-N)

Nitrite nitrogen increased sharply over time in any condition excepting control
(Fig.6). The maximum mean value (0.031mg I'') was observed in FF, followed by
MF (0.031 mg I'") ; M (0.027 mg I'") ; F (0.026 mg 1) ; W (0.024 mg 1'") ; WF
(0.021 mg1"'); C (0.004 mg ™).
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Fig.6: Temporal changes in the nitrite nitrogen concentration of water in

different treatments employed.

Overall, treatment difference upto day 60 remained insignificant (P > 0.05)
after which differences became highly significant (F = 3.7785; P < 0.01). LSD test
revealed insignificant differences (P > 0.05) either between FF and MF, W and F

or between F and M in most cases.
4.1.7.3 Orthophosphate

Orthophosphate concentration of water in all the treatments tended to increase
overtime but the treatments with fish exhibited higher values of orthophosphate
than the respective treatment without fish. In the weekly manuring system the
increase of orthophosphate level of water remained steadier. Whereas, in
fortnightly and monthly manuring system more zigzag pattern was observed

(Fig.7).
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Fig.7: Temporal changes in the orthophosphate concentration of water in

different treatments employed.

The maximum value was obtained in MF (.077 mg I"") followed by WF
(.075 mg I'"), FF (.074 mg I'') and lowest in control (.049 mg I""). Difference

among the treatment remained insignificant (P > 0.05).
4.1.8. Biological parameters
4.1.8.1. Gross primary productivity (GPP)

The temporal change of GPP indicated a steady rise in all the treatments (Fig.8)
with a sharp fall at termination. The overall mean value (271.87 mg C m” hr’')
was observed in W followed by WF (206.25 mg C m™ hr'"), F (198.675 mg C m™
hr'), M (198.075 mg C m™ hr'"), MF (157.1563 mg C m™ hr'"), FF (141.575 mg C
m?hr'), and C (93.75 mg C m™ hr')).

Treatment difference exhibited extremely higher level of significance (F =
6.83; P < 0.001). However, LSD test revealed insignificance (P > 0.05) either

between F and M or between FF and MF in most of the dates of observation.
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Fig.8: Temporal variation of gross primary production of water under

different treatments employed.
4.1.8.2. Plankton analysis
4.1.8.2.1. Total phytoplankton

Total phytoplankton population tended to increase in all the treatments upto day 90
after which a gradual decline was observed (Fig.9). The population in W always
remained distinctly higher and the overall mean was (23.19%) higher than the rest
of the treatments. Moreover, the systems without fish in comparison to their

counterparts with fish exhibited significantly higher values (P< 0.05).
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Fig.9: Temporal variation of total phytoplankton in different system

employed.

The overall treatment difference remained highly significant (F= 8.86; P <
0.001). Differences either between MF and FF or between WF and FF exhibited
insignificance (LSD) in some dates of observation (P > 0.05).

4.1.8.2.2. Population composition of phytoplankton

Phytoplankton populations in the treatments were composed by the members of
Cholophyceae (Chlorella sp., Spirogyra sp., Pediastrum sp.), Bacillariophyceae
(Cyclotella sp., Navicula sp., Synedra sp.) and Euglenophyceae (Euglena sp.,
Phacus sp.)

Phytoplankton population in any of the treatments without fish was
represented primarily by Chlorophyceae (44.31- 44.73%) whereas, such
contribution by Chlorophyceae in the treatment with fish ranged from (42.21-
46.94 %). On the other hand, the contribution of Bacillariophyceae varied from
(37.45- 42.17 %) and (38.29- 40.62 %) in treatments with fish and without fish

respectively.  Phytoplankton population in any of the treatments was least
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contributed by Euglenophyceae and the values ranged between (14.07 — 17.17%)
(Fig. 10).
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Fig.10: Distribution (%) of different groups of phytoplankton in different systems
employed.

The temporal trend of relative contribution by Chlorophyceae and
Bacillariophyceae towards the total phytoplankton population remained more or
less steady in the treatment without fish, whereas, such contribution of
Bacilariophyceae in the treatment with fish gradually declined irrespective of the

manuring schedule (Fig.11).
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The temporal trend in the percent contribution of Euglenophyceae towards
total phytoplankton population clearly indicated a gradual decline up to day 45- 60
in any of the treatments employed, after which an increase in the percent
contribution was observed. An increase of 18.53 — 40.05 % in the population of
Euglenophyceae in the treatments with weekly manuring schedule with or without
fish was observed. Likewise, the relative contribution of Bacillariophyceae

noticeably increased (26.47 — 33.32 %) in the treatments with monthly manuring

either with or without fish.
4.1.8.2.2. Total Zooplankton

The temporal trend of zooplankton population exhibited more or less identical
response to that of phytoplankton. Also, the relative response in the treatments
with fish and without fish in any of the manuring schedule showed similar
response to that of phytoplankton. The average mean value in the systems without
fish remained higher (17.47% to 20.96 %) than their counterparts with fish
(Fig.12).
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Fig.12: Temporal variation of total zooplankton in different system employed.

The overall treatment difference was highly significant (F = 24.6961; P <
0.001) but the level of significance decreased as the investigation period
approached to termination. Therefore, LSD test revealed insignificant differences

between any combinations of the treatments.
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4.1.8.2.2. Zooplankton population composition

Zooplankton populations in the treatments were composed by the members of
Cladocera (Daphnia sp., Moina sp.), Copepoda (Cyclops sp., Diaptomus sp.) and
Rotifera (Brachionus sp., Keratella sp., Asplanchna sp.)

Among different groups of zooplankton, relative contribution of
Cladocerans increased in all the treatments. However, such increase was more
pronounced in the system with fish (64 — 72 %) compared with the system without
fish (34-52%). On the contrary, the relative contribution of Copepods and Rotifers
declined and for copepods the magnitude of such increase was (20 — 56 %) in the
system with fish compared to (17- 30 %) without fish. Likewise, the rate of
increase in the percent contribution of rotifer in the system with fish was (19 — 63

%) compared to (33 — 40 %) in the system without fish (Fig.13, 14).

W WF

BERctifarn OCopepods B Cladocerans

BRonfeara OCopepods  DCladecaans

1000, Loney,

gnoy R0,
6% o 600,

4000 4004 ¢

Zosplanktion (¢ )

Zoaplankton (* o)

0% 2006

)0,

[

9 108 120 LT TYE I 41

WRatifers  DCapepods  BCTudvesiany FF
B Rotifers OCopepods B(1adect ans
1092

Bee °
6Ky

497

Zaoophank tun (¢ a)

Zunplank (o6 1* sy

RULINE

Doy

1s I 48 60 =8 o0 Qex 1248 s 3 A A DTN UL b1

@radhian, A, M. F. Sc. Thesis, EAQ, WBUAES, 2010 Page 47



Al
BRetilma  DCopepods BCLadocaax
109%¢ -
Snoe ¢
< q
= x
2 60% H
= s
= =
2 40%0 Z
= =
21%q ¢
(LY
12 k) 1: i -2 N 53 e
Days
o
BRutifeia QCopepls AL
L00%,
R11%o
>
%
= Ao,
=
=
= 100,
=
=
200,
ey
B 3o 4= (31 =
Dy

Results

NF
BKetil4a D grpeh Do lubecrms
T
R
e,
e,
20,

"Ladncernen

on

10=

Fig.13: Distribution (%) of different groups of zooplankton in different system

employed.

60

Zooplankton(® o)

W

—o— Cladocerans —8— Capepods —a—Rotifera

WF

—o—Cladocerans —8—Copepods —a—Rotifera

(]
~ 50 +
-
e )
= 40 A
=
= 304
.._f'l
g 20
N
\_/‘/\——’ﬁ\-——r—“" U
1]
15 30 45 60 "5 90 10X 120
Days

‘;(Prm{ﬁan, A., M. F. Sc. Thesis, FAQ, WBUAES, 2010

30 45 60 5 90 105 120 120
Davs

18

Page 48



Zooplankton(®e)

Zooplankton(®oe)

40

30

20

10

Results

F FF
—— CTadocerans —8— (‘op ep ods ~k— Rotifera —o—Clndoseruns —8— Copepods —A— Retifan

0
60 A

5 SO0 A

X

2 a4

=

Z 30

N

T T - T T T T ¥ Ny — — ; ; - - .
12 30 45 60 TS 90 105 120 I3 3 45 60 T3 90 103 120
Days Days
M
.~ Clwlocar:ms —8— Copepods —a— Rotifern MNF
-0 —o— Cladocerans —— Copepods —&— Rotifera
60
{ 20
S 40
£ 30 1
S 20 A
10 A
T ™ T T T v T 0 T ™ T T T - —
15 30 4% 60 TR 90 10 120 15 30 45 60 TS 90 108 120
Days Days
(1

—&— Cladocerans —il—Copepoilds —a— Rotifera

Zooplankton(®e)
@

1] T T T T T T T

18 30 45 6v T2 90 108 120

Fig.14: Temporal trends of different groups of zooplankton in different

H

systems employed.

Pradhan, A., M. F. Sc. Thesis, FAQ, WBUAFS, 2010 Page 49



Results

4.1.8.3. Total plankton

The temporal trend in the total plankton population exhibited similar trend to that
of either total phytoplankton or total zooplankton (Fig.15). The treatment without
fish exhibited higher presence of total plankton (17.27 % to 21.546 %) compared

to the treatments with fish.
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Fig.15: Temporal variation of total plankton in different systems employed.

Though, overall treatment difference remained highly significant (F =
15.84; P < 0.001), differences between treatments with fish or without fish became

insignificant (LSD) during the terminal phase of the experimental period.
4.1.8.4. Shannon diversity index
4.1.8.4.1. Phytoplankton

Diversity of phytoplankton tended to increase over time in all the treatments with

minimum values always in control (Fig.16).
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The mean value (1.48) in WF was higher than W (1.45) such trend was
reversed in the fortnightly and monthly manuring schedule where the system with
fish exhibited higher values (1.49 and 1.46 respectively) compared to their
counterparts without fish (1.43 and 1.36 respectively).

4.1.8.4.1. Zooplankton

Shannon diversity index of zooplankton ranged between (1.52 — 1.72) during the
period of the study in all the treatments. The temporal trend in the values of
diversity index exhibited more or less stationary trend in the system under weekly

manuring schedule (Fig. 17).

@ Pradlian, A, M. F. Sc. Thesis, FAQ, WBUAFS, 2010 Page 52



Shanon diversity index

Shanon diversity index

Shannon diversity index

1.6

1.

—
n

n

Results

W —=WF —(

Rl

6 1

‘h
L

T T T T T T 1

15 3 45 60 °s 90 10& 120
Days

——TF ——FF ——

Fig.17: Shanon diversity index of zooplankton in different treatments

employed.

: H
:.i

®Pradhan, 4., M. F. Sc. Thesis, FAQ, WBUAFS, 2010 Page 53



Results

Such trends were somewhat different in fortnightly and monthly manuring
schedule with or without fish. The values continued to decline up to day 90 in
fortnightly manuring schedule, whereas in monthly manuring schedule such
decline continued till the end. This trend is somewhat parallel to that of control.
In comparing the relative values of diversity index it is conspicuous that diversity
index was somewhat higher in the system with fish (1.64) compared to the
treatment without fish (1.6). Such trend was reversed in both fortnightly and

monthly manuring schedule of fish.
4.1.9. Microbiological parameters
4.1.9.1. Total aerobic heterotrophic bacteria (AHB)

Total AHB population in the treatments without fish exhibited increasing trend with
higher values in W (121.25 cfu x 10’ ml™") followed by F (88.25 cfu x10° ml™"),
M (79.75 cfu x 10°> mI™') and control (39.5 cfux 10°> ml™") (Fig.18).
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Fig.18: Temporal changes in the values of total heterotrophic bacteria under

different system employed.
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Overall treatment difference was significant (F = 3.47; P < 0.05) but
differences between F and M or between W and F (LSD) exhibited insignificance
(P > 0.05) during the initial phase of the investigation.

4.1.9.2. Cellulose decomposing bacteria (CDB)

Similar to AHB, CDB populations also tended to increase with the progress of the
study (Fig.19). Population size of CDB remained always higher in W (81.5 cfu x
10> m1™") followed by F (66.25 cfu x 10° ml''), M (49.75 cfu x 10* ml™") and
control (21 cfu x 10° ml™).
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Fig.19: Temporal changes in the values of cellulose decomposing bacteria

under different system employed.

Overall treatment difference (F = 3.25, P < 0.05) as well as differences
between any combination of treatment means (LSD) remained significant (P<

0.05).
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4.2. Soil quality

4.2.1. pH

The soil pH did not differ much among the treatments and ranged between (5.8 to

7.0) during the period of investigation.
4.2.2. Organic carbon

In general, an increasing trend in the values of organic carbon was observed in all
the treatments and the overall mean value (1.56 mg g') was highest in F and

lowest in C (0.73 mg g'') (Fig.20).
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Fig.20: Temporal changes in the organic carbon of soil under different

treatments employed.

The overall treatment difference exhibited high level significance (F =
4.8436; P < 0.001). However, treatment differences between every possible
combination of treatments remained insignificant (LSD) (P > 0.05) in most of the

dates of observation.
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4.2.3. Available phosphorus

Though, an increasing trend was observed in all the treatments, the magnitude of
increase was more pronounced after day 75 (Fig.21). The maximum mean value
(1.90 mg g'') was observed in W followed by F (1.67mgg), M (1.57 mgg’), WF
(1.40mg g"), MF (1.29 mg g"'), FF (1.28 mg g'), and C (0.51 mg g™").
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Fig.21: Temporal changes in the available phosphorus of soil under different

treatments employed.

The overall treatment difference was significant (F = 6.8118; P < 0.001),
but significance either between WF and FF, between WF and MF or between FF
and MF remained insignificant (P > 0.05) in most cases (LSD).

4.3. Fish growth
4.3.1. Length of fish

As expected, length of any of the fish tended to increase over time (Fig.22) and the
maximum length attained was in weekly manuring schedule (rohu- 16.5 cm,
common carp-12.5 ¢m) and minimum in control (rohu- 10 cm, common carp- 8.4

cm).
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Fig. 22. Total length of the experimental fish (Rohu, Common carp) in
different treatments employed.

4.3.2. Rohu (Labeo rohita)
4.3.2.1. Body weight

The body weight of rohu (Labeo rohita) tended to increase over time in any
treatments; however, weekly manuring system exhibited maximum (35.5 g) growth
followed by fortnightly (28.5g) and monthly (25.5g) application of manure. Such
growth was minimum (13.65g) in control (Fig.23).
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Fig.23: Temporal changes in the body weight of rohu (g) under different

treatments employed.
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4.3.2.2. Body weight gain

Temporal trend in the values of body weight gain of rohu (Labeo rohita) declined
with time in any of manuring schedules (Fig.24). The mean value was highest

(0.94g) in W followed by F (0.80g), M (0.70g), and C (0.425g).
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Fig.24: Temporal changes in the body weight gain (g) of rohu under different

treatments employed.
4.3.2.3. Specific growth rate (SGR)

Likewise weight gain, specific growth rate declined gradually overtime in all the
treatments. Again, the maximum rate was exhibited in W (1.93%) followed by F

(1.74%), M (1.65%) and C (1.13%) (Fig.25).
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Fig.25: Temporal changes in the values of specific growth rate (%) of

rohu under different treatments employed.
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4.3.2.4. Net weight gain

Net weight gain of rohu in weekly application was maximum which was higher
(91.42 %) than fortnightly (87.72 %) monthly (86.27 %) application of manure and
control (74.35 %) (Fig. 26).
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Fig.26: Temporal change in the values of net weight gain of rohu under

different treatments employed.
4.3.3. Common carp (Cyprinus carpio)

4.3.3.1. Body weight

The body weight of common carp (Cyprinus carpio) tended to increase overtime in
any treatments; however, weekly manuring system exhibited maximum (25.45g)
growth all through followed by fortnightly (21.5g) and monthly (19.2g) application

of manure. Such growth was minimum (12.5g) in control (Fig. 27).
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Fig. 27: Temporal changes in the body weight of common carp (g) under
different treatments employed.

4.3.3.2. Body weight gain

Temporal trend in the values of body weight gain of common carp declined with
time in any of manuring schedules (Fig. 28). The difference in body weight gain
among the treatments was conspicuous upto day 60 after which it became
insignificant. The mean value was highest (0.74g) in W followed by F (0.63g), M
(0.58g), and C (0.38g).
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Fig.28: Temporal changes in the body weight gain (g) of common carp under

different treatments employed.
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4.3.3.3. Specific growth rate (S G R)

Likewise weight gain, specific growth rate of common carp declined gradually
overtime in all the treatments. Again, the maximum rate was exhibited in W

(1.65%) followed by F (1.51%), M (1.41%) and C (1.13%) (Fig.29).
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Fig.29: Temporal changes in the values of specific growth rate (%) of common
carp under different treatments employed.

4.3.3.4. Net weight gain

Net weight gain in weekly application was maximum (Fig.30) which was higher
(86.24 %) than fortnightly (83.72 %) monthly (81.77 %) application of manure and
control (72 %).
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Fig. 30: Temporal change in the values of net weight gain of common carp

under different treatments employed.







5. Discussion

The results of this study on varying manuring schedule with iso-nutrient
input conditions in simulated fish culture systems conspicuously manifested upon
the water quality variables as well as biological productivity. As loading of
manure in bulk quantity at a time has a direct bearing firstly upon the dissolved
oxygen profile (Boyd, 1982; Parker, 1986), the dissolved oxygen in the monthly
manuring system with or without fish exhibited lowest value with corresponding
higher values in splitted doses in fortnightly and weekly manuring systems. As
there was grazing pressure upon the planktonic community and more respiratory
demand in the treatments with fish, dissolved oxygen in the above systems was
lower than their counterparts without fish any of the manuring schedule (Fig.2).

In contrast to dissolved oxygen, BOD values in all the treatments without
fish exhibited higher values than their respective counterparts with fish (Fig.4).
This is because of the higher respiratory demand of the larger population size of
the planktons that has not been grazed upon in absence of fish.

Nutrient parameters of water like NH4-N, NO,-N and PO;-P tended to
increase over time in all the treatments. This is because of the more and more
population build up of the heterotrophs (Fig.18 and Fig.19) responsible for
mineralization. The role of heterotrophs in nutrient mineralization in organic
matter decomposition is well documented (Jana and De, 1990; Jhingran, 1995;
Cabello et al., 2004). Boyd (1982) opined that organic loading leads to severe
depletion of dissolved oxygen, high biological and chemical oxygen demand, and
high ammonia levels. Moreover, nutrient levels in the treatments with fish
exhibited conspicuously higher values irrespective of the manuring schedule.
Bioturbation effect of the test fishes particularly common carp (Cyprinus carpio)
might have played a crucial role in releasing nutrient from the bottom soil. Jana
and Das (1992) conclusively demonstrated that bioturbation activity of the bottom
dwelling fishes helps in releasing nutrients from the mud-water interface.

Because of comparatively steady supply of organic carbon with more
frequencies in weekly manuring schedule, population of both total aerobic
heterotrophic and cellulose decomposing bacteria remained always with higher

densities rather than manuring in less frequencies with double and single times




Discussion

loading in fortnightly and monthly applications. The overall relationship between
organic carbon and total heterotrophic bacteria (y = 60.21x"**, R* = 0.927) and

cellulose decomposing bacteria (y = 36.878x "', R?

= 0.893) in the present study
was expressed highly positive correlated (Fig.31and Fig.32). This corroborated
the earlier views of Jana and De (1990) who stated that heterotrophic
microorganisms, necessitating some organic sources of carbon in addition to

inorganic forms for growth.
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Fig.31. Relationship between organic carbon of water and total aerobic

heterotrophic bacterial population
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Fig.32. Relationship between organic carbon of water and cellulose

decomposing bacterial population
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Comparatively higher presence of heterotrophic bacterial population in
weekly and fortnightly manuring systems perhaps resulted in more mineralization
which resulted in consequently higher presence of nutrients in water. This is
because the overall relationship between orthophosphate of water and total
heterotrophic bacterial population (Fig.33) exhibited a direct relationship upto
certain levels (y = -676.47x* + 558.76x -5.2119; R? = 0.4512).
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Fig.33. Relationship between orthophosphate of water and total heterotrophic
bacterial population.

Weekly manuring systems exhibited higher presence of both phytoplankton
and zooplankton as well than the other manuring schedules. This might be because
of the more consistent levels of nutrients in the former. Again, higher presence of
cladocerans in weekly manuring schedule by more than (8 — 18 %) than fortnightly
and monthly manuring system might have contributed more in terms of fish yield.
Wetzel, 1983; Kamanga and Kunda 1998; Jana and Chakrabarti 1993; have opined
that cladocerans are the most group among the zooplanktons to the fish. The
heterogeneity of the plankton populations (Fig.16; Fig.17) in the weekly manuring
system indicated more sustainability of the system compared to fortnightly and
monthly manuring treatments (Dash, 2001; Odum, 1971).

The maximum net weight gain of both the tested carps in weekly manuring

system (Fig.26 and Fig.30) might have been contributed by the favourable water
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quality in terms of both physico-chemical as well as biological parameters
compared to the conventional monthly manuring system. Dissolved oxygen,
organic carbon, available — P of bottom soil, plankton population, primary
production as well as decomposing heterotrophic population in weekly manuring
system remained higher by (1.48 -63.81%) in comparison to the monthly manuring

treatment (Fig.34) which may directly favoured more growth of fish in the former.
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Fig.34: Change (%) of water quality variables in monthly manuring system
compared to weekly manuring.
In contrast, the relatively less net gain attained in fortnightly manuring
system might be because the more loading of manure at a time which have made
the system marginally better in terms of water quality (0.65 — 33.16 %) than

monthly manure application but inferior to weekly application of manure (Fig.35).
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Fig.35: Change (%) of water quality variables in monthly manuring system
compared to fortnightly manuring.

Again, the influence of these water quality parameters on growth and body
weight of fish has been established in all the treatments irrespective of the
variability in frequency of manuring in most cases (Table 7 and Table 8). The
importance of physico-chemical and biological parameters like the above in
determining the growth of fish has been well documented by several authors

(Chakrabarti and Jana, 1991; Nath, Mandal, Tripathy and Karmakar, 1994).
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6. Summary

The present work embodied in this thesis entitled Effects of Manuring

Schedule on Water Quality and Biological Productivity has been divided into

eight chapters viz. introduction, review of literatures, materials and methods,

results, discussion, conclusion and literatures cited. With regards to the objectives

of this short term course bound study, the results clearly manifested several

interesting findings. These are:

iii)

As loading of manure in bulk quantity at a time has a direct bearing
firstly upon the dissolved oxygen profile, the dissolved oxygen in the
monthly manuring system with or without fish exhibited lowest value
with corresponding higher values in splitted doses in fortnightly and

weekly manuring systems.

As there was grazing pressure upon the planktonic community and
more respiratory demand in the treatments with fish, phytoplankton
population and dissolved oxygen in such treatments was comparatively

lower than their counterparts without fish any of the manuring schedule

BOD values in all the treatments without fish exhibited higher values
than their respective counterparts with fish because of the higher
respiratory demand of the larger population size of the planktons that

has not been grazed upon in absence of any effective grazer.

Nutrient parameters of water increased over time because of more and
more population build up of the heterotrophs responsible for

mineralization in any of the manuring schedule.

Moreover, nutrient levels in the treatments with fish exhibited

conspicuously higher values because of the bioturbation activity of the
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test fishes particularly common carp (Cyprinus carpio). This has might

have played a crucial role in releasing nutrient from the bottom soil.

vi) Comparatively steady supply of organic carbon in weekly manuring
schedule resulted in higher densities of both total aerobic heterotrophic
and cellulose decomposing bacterial population in comparison to
manuring in less frequencies viz. fortnightly and monthly applications.
The overall relationship between organic carbon and total heterotrophic
bacteria (y = 60.21x'%, R? = 0.927) and cellulose decomposing
bacteria (y = 36.878x'7'¢, R? = 0.893) in the present study was highly

positive correlated.

vil)  Comparatively higher presence of heterotrophic bacterial population in
weekly and fortnightly manuring systems might have resulted in more
mineralization which effected in higher presence of nutrients in water.
The overall relationship between orthophosphate of water and total
heterotrophic bacterial population exhibited a direct relationship upto

certain levels (y = -676.47x* + 558.76x -5.2119; R = 0.4512).

viii)  Weekly manuring resulted in higher presence of planktonic population.
This might be because of the more consistent levels of nutrients in the
former. Again, higher presence of Cladocerans in weekly manuring
schedule by more than (8 — 18 %) than fortnightly and monthly

manuring system might have contributed more in terms of fish yield.

ix) The more heterogeneity of the plankton populations as expressed in
Shannon diversity indices in weekly manuring system indicated more
stability of the system compared to fortnightly and monthly manuring

treatments.

X) The maximum net weight gain of both the tested carps in weekly
manuring system might have been contributed by the favourable water

quality in terms of both physico-chemical as well as biological
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parameters compared to the conventional monthly manuring system.
Dissolved oxygen, organic carbon, available — P of bottom soil,
plankton population, primary production as well as decomposing
heterotrophic population in weekly manuring system remained higher
by (1.48 -63.81%) in comparison to the monthly manuring treatment

which may directly favoured more growth of fish in the former.

Xxi) The influence of water quality parameters on growth and body weight
of fish has been established in all the treatments irrespective of the

vanability in frequency of manuring in most cases.
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7. Conclusion

The findings of the present study warranted more detailed and long term
study with regards to formulation of fish pond manuring schedule. As the present
work is very short term and has been conducted in small simulated fish culture
conditions, the study has some inherent limitations. Therefore, such studies must
be replicated in actual pond culture systems in field conditions. Moreover, such
studies with variable manure inputs from different husbandry sources and with
varying compositions of cultivable fishes be conducted before coming to a definite
conclusion. The present worker sincerely feels future research on this area should

be directed with this views.
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