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PREFPACE

The success or failure of any culture operation
is dependant on the water quality and the condition of
the bottom sediments, The ﬁature and composition of bottom
sediments have several vital roles to play in the
productivity of culture ponds. The sediments Store the
nutrients and effectively control the mineralization of
organic depcosits at the bottom, They are the source of
various organic and inorganic compounds which enter the
water after biochemical and chemical changes in situ. The
bottom soils provide food and shelter for the bottom
dwelling organisms and also act as a bed for the growth of
algal flora, which forms the food for many species of fish.
Also, they form a substratum for bottom fauna that often
constitute an important source of food. The sediments thus
play several important and dynamic roles, in the food chain

and in the production cycle in the pond eco-system.

Sediments are continuosuly supplied with organic
material by sedimentation, autotrphic production, and food
collection by benthic organisms (VERVEY 1652), Mineraligation
of this material occurs throughout the sediment column, but

the highest activities are found near the sediment surface

(VOSJAW, OLANCZUKNEYMAN, 1977).
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The overall productivity of the ponds mainly
depends on the fertility of the bottom soil. The
production of the planktons agésbased upen the
inorganic nutrients such as nitrogen, phosphorus,
potéassium, organic carbon ete., But, the nitrogen,
rhosphorous and potassium are the major nutrients
effecting the primary productivity. These are so to
say the factors affecting_the rate of primary production
(P.V.R., NAIR 1979). Production depends on many factoré
but the most important is usually the avallability of
the inorganic nutrientg, EBEssential elements for
plankton growth include carbon, oxygen, hydrogen,
phosphorus, nitrogen, sulphur, potassium, sodium etc.
Phosphorus is most often the element regulating
phytoplankton growth in ponds. The addition of phosphate
fertilizer will cause an Increase in plankton production.
Inadegquate supply of nitrogen, potassium, and carbon also
limit phytoplankton growth., Nitrogen probably is the

limiting factor in brackish water pbnds.

The pathway by which inorganic nutrients are
recycled in GVerlying waters in ponds, after the first
step of phytoplankton assimilation are poorly understood.
The classical view has been that nutrients are recycled

in the euphotic zone by bacterial assimilation of both
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phytoplankton and by mineralisation of both phytoplankton
and plankton excretion products and by direct grazing on
phytoplankton by microzooplankton. In recant years

there has been considerable evidence that frequently the

bulk of nutrient regeneration occurs among plankton,

As a result of much progress in biological
oceanography, the study of the planktons has been
considerably developed, and a good amount of work has been

carried out in this line.

-The present investigation was conducted at Narakkal
near Cochin., Two experimental fish culture ponds were
selected for the study. The main purpcose of this study
was to know the fertility rate and the productivity of the
pcends. The data was collected for a pericod of four months
from June to September, 1986 and the results of the

investigation are preéented in this text.
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INTRODUCTION

The biological wealth of a culture pond is
largely dependant upon the dissolved nutrients. Studies
of the nutrients and assoclated plankton production, have
been in progress for many vears. The water, which is the
habitat of the fishes and other aguatic organisms, is in
close contact with the bottom sedimept. The nutrient status
of both water and soil play the most important role in
governing the production of planktonic organisms in fish
ponds amd that must be understood while considering.bnth

gquality and qguantity of production (Banerjea 1967).

Investigatioﬁsof solls and their characters
have been carried ocut from early times by many workerg.
Among them are Martimer (1941, 1942 & 1950); Meehean and
Marzulll (1945(, Stangenberg (1949):; rovoledo (1964) and
Danielewski (1965); Fitzgerald (1970); Ansari (1974).
The early works of Breest (1924J; Trong {1930); Schaeperchaus

(1933), and Burrocos and Cordon (1936) are also noteworthy.

The distribution of mud phosphate in Cochiln

backwaters was studied by Ansari and Rajagopal (1974).



The total phosphate showed a wide wariatlion from 258 to
1320 g/gm. of mud., It was high during monsoon and low in

the pre and post monsoon periods,

Livingstone and Bogkin (1962) while studying the
vertical distribution of phosphorous in Linsely pond state
that sedimentary phosphorus is found largely bf sorption
reaction with mineral material and differences in lake
productivity generally may be determined by sorption
reactions in the surface mud strata. For any kind of
sorption reaction the production would be inversely
'prOportional to the sorptive capacity of the mud and for ion
exchange it would also be diréctly preportional to the total

alkalinity of the water,

Kain & Fogg (1960) have stated that phvtoplankton
has to find the source of nitrogen in the marine environment
and with the lack of nitrogen, growth is limited. The
experiments of these authors using'bacteria free culture of

Procentrum micans give a detailed example of the requirements

of phosphorous and the number of cells (no/m3) after 23 days,

was found to be proportional to the initial guantity of

phosphate.



The Nitrogen and phosphorus cycle in the pond can

be described diagramatically, (Fig. A). wy (kain & Foqg 196ed
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Brondit theory that phosphate and nitrate may
constitute the limiting factors in phytoplankton production
has found proof in investigation of subsegquent workers,
Marshall and Orr (1927), Sctxiber (1927), Green (1930),
Hentschel and Watternberg (1930) and others. The plankton
community may vary according to the seasons also, Geordgé

(1974) made an observation on the plankton of the Cochin'
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backwaters, Seasonal fluctuations in the plankton
biomass showed that the biomass was low during the monsoon
months and very high in hot months. The zooplankton

blomass was closely related to the salinity fluctuations,

Govind (1963) explained the preliminary studies
on plankton of the Tungabadra reservoir. The gualitative
study of phytoplankton, phosphate and nitrate showed that
the rich rain washing of south - west monsoon seems to
influence the production of plankton, much more than the

north east monsoon.

The high temperature of the summer months was found
to be less favourable to phytoplankton production in the

reservolr.

Sundararaj and Krishnamoorthy (1970) have worked
on the nutrients and planktons on the backwater and mangrove

areas of Pichavarum mangrove forestis.,

Gopinathan (1972) made a study on seasonal abudance
of phytoplankton in the Cochin backwater, The gualitiative
and quantitative studies on the phvtoplankton of the Cochin

backwater showed that about 120 species of phytoplankton
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excluding nannoplankton commonly occur in the estuary.
Of these 88 species of diatioms, 74 occur regularly and
the rest 14 have been recorded for the first time from the

Indian waters,

Two peaks of abundance were observed during the
monsoon period (May to July) and other in the post monsoon
period (Séptember to Octcber) in the backwater. The
enrichment of water with nutrients largely occurs during
the monsoon months. This sesms to be the most important
feature governing the quantifative abundance of the
species. HNot much work seems to have been done on the
relations between Potassium and plankton productivity

even though it is also involved in the plankton production.

LI B
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MATERIALS AND METHODS

Studies on the Nitrogen, Phosphrous and Potassium

of the Sediments and overlying water were carried out frem e
two culture ponds in Narakkal{figdsoil, Water and Plankton
samples were collected monthly thrice and analysed for

the following parameters.

In Sediments

1, Available Nitrogen
2. Available Phosphorus
3. Available Potassium

4, Sediment pH.

In Water

1. Nitrate - Nitrogen
2. Nitrite - Nitrogen
3. Reactive Phosphorus

4, Avallable Potassium

Then the environmental parameters such as:
1. Temperature

2, Salinity

3. pH

4., Dissolved Oxygen



In Plankton Samples

1. Phyto plankton biomass

2. Zoo plankton biomass

were estimated both qualitatively and quantitatively.

Collection of Soil Samples

The soil samples were collected using a Vanveen-
grab of area 0,05 mz. Bottom solls were taken f£rom the
four corners and centre of the ponds in each pond, and
mixed throughly 1n a container before the samples were
taken for analysis, Then, the samples were dried and

powderered, This was used for the analyslis,

Avallable Nitrogen on Sediments

Available Nitrogen was estimated colorimetrically.
5gm. of dry powdered soil with 100ml, distilled water was
taken in a conical flask and this was shaken for one hour
in a mechanical shaker. Then a pinch of (0.5gm.) copper
sulphate was added, again shaked for a minute, and this
wag filtered and the filtrate e:xtract was collected upto
50 - 100ml (accurately). From this 20ml. of the filtrate:
was taken in a china disc. Evaporated to dryness cooled
and 2 - 3ml, of phenol disulphuric acid (mix 25 gm. of

phenol crystals and 300ml. con. sulphuric acid warm upto
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80°C and continue warming upto 5 ~ 6 hours; coopl and

keep separately), was added with the slow rotation of
sides then walted for 10 minutes. 50ml, of distilled
water was added to the disc and stirred well with glass
rod and this was transferred to 100 ml, standard flask,
Ammonia sclution (1:1) was added till the solution turns
vellow, then again 2 - 3 mi. of ammonia solufion was added
and this was made upto 100 ml, The colour intensity was

measured by a colorimeter,

The procedure was repeated with 20 ml, of standard
solution (0.722) gm. of AR potassium Nitrate in 1 litre of
distilled water) and for 5 sub standards, and the
calibration graph with OD on the 'Y' axis and concentration

on the 'X' axis was drawn,

From the measured 0D of the sample, inter polated

its concentration in ppm using the calibration graph.
FLswaARAN 19863

Available Phosphorus on Sediments

The available phosphorus was determined
colorimetrically using spectro photometer. 5 gm. of soil
was taken, added one gram of activated charcoal and 100 ml,
of olsen extracting reagent, (0.5 M Sodium Bicarbonate,

12 gm#L and adjust the pH to 8.5) and this was kept in the



mechanical shaker for 30 minutes, filtered and then
the filtrate was collected. The filtrate was used
to determine the phosphate colorimetrically against

660M filter,

5ml, of so0il extract was pipetted out into a

conical flask and to this 5 ml. of D & B reagent (15 gm.

Ammonium molybdate dissolved in 300 ml. water warm upto
60°C and to this add 350 ml, of 10 N HC1l and make upto
1 Litre) was added, then the sample was diluted to 22 ml.

Added 1 ml, of diluted Stannous chloride, (Dissolve 10 ¢gm.

of stannocus chloride in 25 ml, concentrated Hcl by
warming and store in amber coloured bottle and before use
dilute 1 ml. above to 66 ml.) and made upto 25 ml. Then

the colour intensity was measured within five minutes,

For phosphate standard, 0.4390 gm. potassium
dihydrogen phosphate in 100 ml. distilled water, 25 ml.
of 7 N. Sulphuric acid was added and then made upté
1000 ml, PFrom this 100 ppm solution, different sub

o,
standards were prepared (2, 5, 10,230, 50 and 70 ppm).

Same procedure was followed for the colour
devel opment for standard also. Repeated the procedure

for all standards and the calibration curve with OD
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on 'Y' axis and the concentration on the 'X' axis, was

drawn.

~

LY

From the measured 0D of the sample its concentration

was determined from the calibration curves. [oLSom~ 1484 )

Available Potassium on Sediments

Available potasium was estimated by ammonium
acetate extraction. 5Sgm. s0il was added to 25 ml. ofll N
Ammonium acetate solution in an erlenmyer flask and shaken
well in electric shaker for half an hour. The scolution
was then filtered and the filtrate was used to determine the
available potassium with the help of an Elico digital flame

photo meter; meodel CL-22D using the respective filters.

In this flamephotometer the sample combined with
air and gas premixture is sprayed into a hich temperature
flame. The emitted photon enerqgy is directed over a photo
sensitive device, which is measured over a meter. The meter
is calibrated with standard solutions and the concentrains of

unknown samples were interpolated using a Calibration curve.
(bean . 1960,

Sediment pH

The dry soll pH was determined using the method by/‘lﬁ
Bear (1964) using an elico digital pH meter, ‘model LI-120,
10 gms. of the soil was weighed into a 50 ml. beaker and 10 ml,
deionished water was added, the mixture was stirred intermitantly

for one “hour, Then the pH was determined by a pH meter,



- The water samples were analysed for the:

following parameters,

1. Salinity
2. pH
3. Dissolved Oxygen
4. Temperature
5. Nitrate
& Nitrite
7. Reactive phosphorus

8. Available potassium-

Salinity by Knudsen method 10-CC of standard sea water

was pipted out into & 250 CC conical flas¥K, then 4 drops

of potaggium chromate (10 gm. in 100 CC) solution was
added and using a mechanical sktirrer titrated against
silver nitrate solution (24.5gm/litre). Repeated to
concordance. Pipetted out 10 CC of pond water into the
conical flask and proceedggs above, From the titre values

salinity is calculated,

Hater pH

The water pH was determined lmmedlately after

collecting the samples with the help of an elico digital

pH meter model LI-120,

£
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Dissolved Oxygen:

Dissolved oxygen was estimated in both the culture®

ponds by Winkler method,

The water samples were collected in 125 ml. glass
stoppered bottle without entangling any air bubbles., Took
cut the stopper and added lcc each of winkler A & B
(winkler A - 20 gms. of Mncl2 in 100ml., of water; winkler
B - 41 gm, of NaoH + 25 gms, of KI, in 100cc water),
solution and closed the bottle, Shook the bottle gently
till the precepitate formed is evenly distributed, allowed
the sample to settle, then added 2 ml, con Hel. closed the
bottle and gently shook till the precipitate is completely

disgolved.,

10 ml, of standard potassium Iodate (Accurately
weigh 0.1784 gm. potassium Iodate into a 1 litre volumetric
flask and dissolve and make up to 1 litre this is 0,005KN)
solution was pipetted out, and then one gram of KI was
added and 2ml. con. Hcl was added, this was diluted to 100ml

and then titrated against sodium thio sulphate sblution

(1.25 gms, in 1 litre).

When the colour becomes pale yellow 1 ml. of starch

solution {1 ¢m., of starch made into a paste with distilled



water and diluted to 100ce, boiled and kept.) was added
and the sample was shaken well and the titration was
continued till the blue colour disappears. Repeated to

concordance,

Pipetbout 100 ml. of preserved sample and titrate

against standard sodium thio sulphate as above.

Calculations

The normality of thiosulphate was calculated

like this _ Nl x 10 = i

Titrate value for

10 ml. of potassium Iodate
Hepge Amdyg of } 4.4, ; _ ml thio x N2 x 8 x 1000xR
Dissolved Oxygen in ml, 100x1.429

Where (1.429 being welght of 1 ml. of 0, in Mgs. R-is

known as correction factor egual to 1.01)

The Nutrients in water samples were estimated by

Strickland and Parsons method (1965). The water samples

were collected in 1 litre polythene bottles and after
collection that the water samples were filtered immediately
with Whatman No.42 paper and fpozen until analysis which was
carried out after a few hours., Before analysis water samples

were brought to ambient room temperature.
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Temperature was measured using a centigréde

thermometer,

Planktons
e

Plankton was collected using a small conical
net (length 50cm. mouth diameter 14.5 em, Caudal end
diameter 3.25 cm.) suitable for shallow water areas.
Immedliately after collection the plankton samples were
preserved in 5% formalin and was examined in the laboratory
and were quantitatively estimated by plankton counting

chamber,

Nitrate, Nitrite Nitrogen in water S@EPIQS

In water, the Nitrate and Nitrite were estimated
adopting standard procedurss as gilven by Strickland and

Parsons (1965).

50 ml. of water sample was measured into a 250 CC
conical flask when the sample has acguired room temperature,
Added 2 ml. of buffer reagent (25 ml, of phenol solution
into & dry beaker and add 25 ml., of NacH) and mixed. After
the buffer has been added to all the samples, added wilth
rapid mixing 1.0ml. of reducing agent (mix 25 ml. of copper
sulphate solution and 25 ml. of hydrazine sulphate solutiom
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and this solution is stable for one hour)., The flasks were
kept away from the sun light in a dark place for about

20 hours. Then added about 20 ml. of acetone and after

2 minutes but not later than 8 minutes add 1 ml. of NNED
solution and mixed. Compared the colour with standard
potassium Nitrate solution treated similarly, using a

Spectrophotometer.

For Nitrite, 50ml. of water sample was collected,
then one ml, of sulphanilamide solution was added to each
sample, After two minutes but not later than eight minutes
added 1 ml, of NNED solution to eéch and mixed immediately.
Carried out the procedure with standard Nitrite solution

also. Compared the colour using a Spectrophotometer,

Standards 0,345gm, of AR Sodium Nitrite in 1000 ml.
of distilled water, stored in a dark bottle with 1 ml, of
¢hloroform. 1 mi. = 5 A g. at. Piluted 10 ml. of the solution

to 100 ml., with distilled water and used for analysis,

Reactive Phosphorus

The water Samples are to be collected in
polythene bottles of roughly 150 ml. capacity and analysis
jg to be carried out within an hour of collection. If the
analyeis is to be delayed the samples must be frozen and

can be kept for months together,
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100 ml. of sample at the laboratory temperature
was mixed with 10 + .5ml, of mixed reagent (mix together
100 ml. of Ammonium Molybdate, 250 ml. of Sulphuric acig,
100 ml. of Ascorbic acid and 50 ml. of Antimony tartarate
solution). Mixed well and the solution can be kept for
6 hours. After 5 minutes and preferably within the first
2 = 3 hours measured the extinction of the solution, in é
10 centimeter cell against distilled water at a wave length

of 885 A units.

Warmed another portion of the sample to laboratory
temperature in a thermostat water bath and measured the
extinction of the sample by substracting both the turbidity
and reagent blank. Calculated the phosphate concentration

inmicrogram atoms of Phosphate phosphorus per litre.

Phosphate Btandardi

Dissolved accgurately 0,816 gm, of unhydrous potassium
dihydrogen phosphate in 1000 ml, of distilled water. Stored
in a dark bottle with 1 ml. of chloroform., 1 ml. of the
solution = & microgram atom phosphate phosphorus, Out of
this solution 5 ml, is taken and diluted to 100 ml. From
this 5 ml. is taken and diluted to 100 ml. 100 ml. sample
is taken in a conical £lask, and 10 ml, of mixed reagent is
added to the standard and sample. After 10 minutes the colour

comparison of these 2 solutions were made using a
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Spectrophotometer.

The strength of the colour developed being
proportional to amount of phosphate concentration in
sample, the phosphate concentration is calculated from

the OD'S of standard and samples.

For potassium in water, the same method as in

sediments was followed.

[ B B N
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RESULTS AND DISCUSSIONS

The time distribution pattefn of water
Characteristics in the culture ponds such as teﬁperature,
salinity etc. are presented iﬁ figure 1 to 10,
Considering the temperature variations it can be noted
that more or less uniform trend is maintained during the
various part of the investgational period and the water
was quite warm during the period in Pond 1 (Fig. 1).

But in Pond II fluctuations couldfgbserved (Fig. 2).
The maximum being in early June and the minimum during
peak monsoon. The atmospheric temperature was uniformly

lower than the water temperature.

Salinity fluctuations in the ponds during June to
September are more or less similar (Fig. 3). The effects
of the monsoon precipitation in reducing the salinity
values were not so conspicucus as it should have been,
since the monsoon was of a highly fluctuating nature during
this year, Except for an increasing trend during
September (Values 7 -~ 7.5 ppt) the time distribution was

more or less uniform.

During the monsoon the dissolved oxygen contents
in the ponds were low (Fig. 4). In pond II two minima

could be observed, one in monscon and another in post



WATER ANALYSIS

TEMPERATURE - POND

- I

°C

SAMPLES
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WATER TEMPERATURE
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30°C
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WATER ANALYSIS

TEMPERATURE = POND = II °C

e

S AMPLES A, TEMPERATURE Hog TEMP,
1 28°C 31°C
2 26,5°C 29°C
3 26,5°C 29°C
4 28°C 30°C
5 27°C 29,5°C
6 26.5°C 28°C
7 27°C 29,5°C
8 26,5°C 3Q°C
9 33,5°C 30°C
10 26°C 28°C
41 24°C 28°C
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WATER ANALYSIS - SALINITY (PPt)

i)

L

r— . s

___ﬁfff&%f ______ 1. PONE-: & POND -_EI
1 5,02 6410
2 5.02 6.10
3 5.96 5.96
4 412 516
5 4.48 5611
6 5.96 5¢16
7 4,12 4.94
8 2el4 3. 14
9 T+55 6.48
10 645 5.84
11 4+49 4.94
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WATER ANALYSIS - DISSOLVED OXYGEN ‘ML‘L}

SNfEI:ES POND = I POND - II
1 3.50 3445
2 355 3466
3 2,74 1,96
4 2,78 2,006
5 2.70 14130
6 2,78 2¢71
7 3455 2.78
8 4,30 2+414
9 4.27 4,04
10 2.78 2.71
11 3,41 2445
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WATER ANALYSIS

FH
SAMPLES POND = T , POND - II
1 6.5 6.5
2 6.15 6.15
3 6.8 7.0
4 6.5 7.0
5 7.67 7.8
6 T«65 7.8
7 7.6 Teb
8 T.65 7.69
9 8.09 7.81
10 T+5 T.52
11 707 7.45
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WATER ANALYSIS -

NITRITE - Mg at No.2 N/Litre

gﬂMPLES _ NARAKKAL POND I T POND -~ IT
Te 1.96 1.52
2. 3.91 4.57
Je 1496 1.52
4, 4,13 4457
5 3.91 1.52
6o 1,30 1.74
Te 1.52 o 3.91
8. 1.74 4437
9. 0.87 1.30
10 1.08 1.52
11. 11.74 . 8.48
‘—_—_—L—_-——'_d__——J
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WATER ANALYSIS

NITROGEN = (NITRITE & NITRATE)

NITRATE (Mg at Nog = N/litre)

¥

1

W

SAMPLES MARAKKAL POND - I POND - II
1. 16.85 12.17
24 19.66 . 18,72
3. 18,72 6,55
4. 8.42 12017
5. 6455 4,67
6. 6.55 6455
Te 8.42 8.42
8. 7.48 11423
9. 4.67 Be42

10. 4.67 .35
11, 19.66 18,72
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monsoon and the maximum was observed, during beginning of
September. In general Pond T contained more of dissolved

oxXygen than Pond IT,

The time distribution patterns of pH in the ponds
are represented in Fig., 5 and 6., It can be observed that
during the earlier half of the monsoon period the pH was
mostly on the acid side and during the latter half on the

alkaline side.,

The time wariations of nitrite - nitrogen,
nitrate - nitrogen, available phosphorus and available
potassium are presented in £igqures 7 to 10, During the
monsoon the nitrate values exhibited 3 maxima (Fig 7) and

during the post monsoon a conspicuous increase occured,

Since the ponds are similarly affected by the waters of the

main connecting canal, the distribution patterns in both the

ponds were comparable, In general the nitrite values were

low during the monsoon,

A different trend is exhibited by nitrate in the
sense that the values are much higher than nitrite, the

periods of the minima were comparable in both the nutrient

distribution patterns, (Fig 8).

gt)



WATER ANALYSIS -

Available rhosphorus — Mg at POaP/L

SAMPLES POND - I POND - 1I
1. 0,50 0.5T
2 0.48 0.67
3 0.48 ' 0.74
4. 0.53 0,65
5. 0.45 0.53
6o .0.48 0.57
Te 0.50 0.53
8. 1.48 0.57
9. 0.15 0.20

10. 0.18 0.32
11, 0.18 0.33
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SEDIMENT ANALYSIS

()

SAMPLES POND ~ I POND ~ II
1 -‘ 6.6 6.16
2 7.46 7+18
3 6.43 B.2
4 133 6.46
5 6.78 ToT
6 5.46 T4
7 5.82 T.24
8 5+46 T425
9 6.90 6,96
10 644 7.85
11 7.09 8,05
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AVAILABLE NITROGEN IN PPM

1

e e e e T pep———

(%0 T ¢ SRS, B » SR & R < S O L

R e B v

PONDR = IX

3500
2600
2600
3500
2600
3200
2800
3800
2600
3200
3800
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SEDIMENT ANALYSIS

AVAILABLE NITROGEN - %

o AMPLES POND = I POND = II

_______________ 4o -
1 0.,80% 0.35%
2 0.T77% 0.26%
3 0.52% 0.26%
4 0.80% 0.35%
5 0.77% 0.26%
6 0.76% Ce 32%
Fi 0.78% 0,28%
8 0.73% 0.38%
9 0.80% 0426%
10 0.61% 0.%2%
11 0,.80% 0.38%
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The seasconal distribution of available phosvhorus
(Fig 9} showed minimum fluctuations during the monsoon.
The maxima were exhibited by the two ponds during the
fag end of monsoon and another minimum followed during the

post monscon.

IE all the water properties available potassium
eXhibited;maximum fluctuations especially during the monsoon.
The maximum of 38 ppm occured during the onset of moﬁsson
in Pond II and two other maxima were also observed by peak
monsoon, where as in Pond I the minimum cccur during the
dnset of meonsoon, Except for the latter, the distribution

pattern of available potassium in both the ponds were more

or less similar.

Consldering the analytical properties of the bottom
sediments in the investigational ponds, the comparable
nature of the ponds was again observed. The seasonal
distribution patterns are given in figures 11 to 17. The
pH distribution in Pond II showed a maximum during Juiy, and
during fag end of monsoon and post monsoon the sediments
appeared to bg neutral, Unlike the above, the sediments in
Pond I were mostly acidic during peak monsoon. # uniform
trend is maintained in Pond I (Fig 12) as far as the

distribution of availlable nitrogen is concerned.



WATER ANALYSIS

AVAILASLE POTASSIUM Mg/at/litre

SAMPLE POND - I FOND - II
1 13.49 96,18
2 74469 9739
3 75490 86,64
4 84424 85.44
5 85.44 91.40
6 81.86 85.44
T 83.06 83.06
8 90,20 36.18
9 81.86 84,24
10 83.06 83,06
11 83,06 83.06
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SEDIMENT ANALYSIS

AVAILABLE POTASSIUM IN (PPM)

SAMPLES POND - I POND - II
i -=
5 1 32,93 8.67
2 24,07 Te2T
3 38,07 29,20
4 37.60 27,80
j 5 36467 27433
' 6 32.47 27633
] 7 24.07 20,27
8 23460 11446
9 32,47 34,33
10 32,47 33,4
11 32.93 3344

o]
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SEDIMENT ANALYSIS -

AVAILABLE PHOSPHORUS IN (PPM)

SAMPLES POND - I POND - Il
1. 12431 6.07
B 1335 10. 23
3. 14.38 9.19
4. 12,:31 Te11
5o 15.35 6,07
6. 13.35 6.3%0
Te 12.31 6.23
8. 12.31 6.07
9. 15.43 9.19

10. 16.47 9,19
11. 25.84 14.39
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N~P-K RATIOS IN WATER IN POND « X

SAMPLRES

o e s ——— e T — e ]

W O 1 O s N

-
o

e
—

NITROGEN

PHOSPHORUS

ER e

38
49
43
24
18
16
19
6
37
32
174

1
1

POTASSIUM




N«P=K RATIOS IN WATER IN POND - Il

e

SAMPLES NITRCGEN PHOS FHORUS POTASSIUM
1 24 1 169
2 35 1 145
3 11 1 117
4 26 1 131
5 12 L 172
6 15 1 150
7 23 1 156
8 28 1 169
9 48 1 421

10 25 1 260
11 82 1 251




N=P-K RATIOS IN SEDIMENT ANALYSIS IN POND - I

S AMPLES

NITROGEN

W 0 =3 OO0 W B s oy -

-t
Q

i
—dh

650
577
566
650
277
570
633
593
515
370
310

PHOSPHORUS

POTASSIUM

1
1
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N=P~K RATICS IN

SEDIMENT ANALYSIS IN POND - II

NITROGEN

O W O -1 o6 W p W op =

—h =k
-

576
254
283
432
428
508
450
626
283
348
264

PHOSPHCRUS

POTASSIUM
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Any seasonal change could be cbserved in Pond iII only
where 4 maxima are exhibited (fig 13), In general, the
quantity of available nitrogen was much lower in Pond II

comparedto Pond I.

A similar trend is exhibited by the available
phosphorus also, in the sediments, (FPig 16 and 17). The
maximum available phosphorus of 26 ppm was in Pond I
whereas in Pond II, the maxinum was only 14.5 ppm. The
seasconal fluctuations also were comparable in the pondé
during the actual monsoon periods, although lesser values

were exhibited in Pond II,

The contrast between the two ponds were much more
clear as far as the available potassium in the sediments
are concerned, ‘The maximum of 38 ppm in Pond I occured
during the onset of monsoon fig (14 - 15). Where as in
Pond II this maximum was only 29 during the same date.

A decreasing trend by the progress of monsoon was observed

in both the pond and another maximum during September could

be observed.

Monthly variations in phytoplankton biomass at the
two culture phonds have been observed, during the period of

investigation. Cyclo tella striatta, stephanopyxis palmariana, .




G

Gyrosigma balticum, Pleurcosigma formossum, Nitzchia

longissima, Chaetoceras subtills, Navicula monilifera

Amphora ovalis, Dioloneris didyma, Licmophora Jjuergengil,

4 . . s % .
Bacillaria paradoxa wmnularia ambicua, Scenedemis occured

commonly throughout the period of investigation., The
diatoms formed the major components of the vhytolanktons

during this periods.

A few zoo plankton species were also observed.

During June HNitzchia clostrium, is the predominent species

in both the ponds. (1,50,000 cells/litre) in all the
months during monsoon and post monsocon (£ig 18). The

biomass of Stechanopysis palmarian a was minimun during

this months in both ponds. Other dominant species was

Cvclostella striatta, During July Nitzchia clostrium

was again abundant in both the ponds {fig 19). But during

the peak monsoon 6§clo:tella striatta (fig 20) dominated.

During post monscon period, Thalassiosira ;ubtilis,

Bacillaria paradoxa are mostly abundant in both the ponds

are more or less similar in monsoon and post monsoon
periods. Considerable changes in the species have been
noted, during the monsoon and post monsoon in phytoplankton
biomass., But in zoo plankton biomass, minimum amount of
species have been noted and not much variation in 2oo
plankton biomass was observed zoo plankton was moderately

abundant during the previcus months also and exhibited



PLANKTON

ANALYSIS

POND - I

No, of cells/litre

L R R e

No, of cells7 ,

S.No, | MONTH SPECIES NAME Litie
1. JUNE Stephanophyxis 28,000/1litre

Palmarian a
2. Cyclotella striatta 60,000/1itre
3 Gyrosigma balticum 24,000/Litre
4. Pleurcosigma

formosum 16 ,000/1itre
5, Nitzchia clostrium 1,50,000/1itre
6. Nitzchia pongissigma | 60,000/litre
T Chaetoceras subtilis 6,00,000/1itre

JULY cope pods a.onfUke

1. Stephanopyxis

palmaria na 42,000/1itre
2. Cyclotella striatta 80,000/1litre
3 Cyrosigma palticum 22,000/1itre
A pleurc sigma formesum ] 21,000/litre
5. Nitzhcla clostrium 1, 30,000/1litre
6e Nitzhia longissima 49,000/1itre
T Chagtoceras subtilis 7,20,000/1itre
B Navicula monilifera %,50,000/1itre

AUGUST copr podS ope [ Rk

1e Stephaqopyxis .

palmariah a 38,000/1litre
2. Thalassliogsira .

subtilis 8,00,000/1litre

Q..O.a.



i
S.NoJ MONTH SPECIES NAME gci>£rgf cells/
3 Cyclostella striatta 65,000/ litre
4, Bacillaria paradoxa 1,56,000/1itre
5. Amphora - ovalis 28,000/1itre
Gle Diploneris didyma 1,80,000/1itre
T Ceratium gravitum 4,00,000/1litre
8. Nitzechia clostrium 2,60,000/1itre
SEPTEMPAR CORL o A 2,00 JU e
1. Licmophora Juergensii 12,000,/111:1:8
24 Cyclo tella striatta 45,000/1litre
1 Navicula gracilis 56,000/1litre
4. Navicula wionitli.fera 56,000/1litre
5. Amphora ovalis 30,000/1itre
6. Pleurcsigma forrﬁosum 13,000/1litre
7. Gyrosigma balticum 19,000/1itre
a, Bacillaria paradoxa 1,48,000/1itre
9. Nitzchia navicularis 12,000/1itre
10, Nitzchia clestrium 4,80,000/1itre
1. Nitzchia seriata 48,000/1litre
12, Pinnularia ambiguna 45,000/1litre
13, Scenedéfus geuminakis 45,000/ itre

COps podl

2, an Jire

(s



PLANKTON ANALYSIS

6

POND - IT
S.No, MONTH SPECIES i?{:rgf cellsn
1 JUNE Stephanopyxis palmariana 24,000/1itre
2. Cyclotella striatta 45,000/1itre
% Gyrosigma balticum 18,000/1itre
4. Pleurosigma formosum 8,000 /litre
5, Nitzchia clostrium 1,30,800/1itre
By Nitzchia longissima 52,000/1itre
s Chaetoceres subtilis 6,00,070/1itre
— copepods 2 0w [ M
1. Cyclotella striatta 64,000/1litre
2. Gyrosigma balticum 19,000/1itre
% Pleurosigma formosum 16,000/1itre
4. Nitzchia clostrium 85,000/1itre
5. Nitzchia longissima 42,000/litre
6y Chaetoceres subtils 6,50,070/1itre
AUGUST copa pods 2o fAee
1. Stepb_%gpyxis palmariana %2,000/1itre
o Thalassiosira suptilis " 6,50,000/1litre
3, Cyclo tella striatta 62,000/1itre

.....2



g.No. MO TH SPECIES NO, CF CELLS/
LITRE
4. Bacillaria paradoxa 1,35,000/1litre
5 LDiploneris didyma 1,65,000/1itre
6. Ceratium gravidum 3,80,000{/1itre
¥ Nitzchia clostrium 2,25,000/1litre
SEpTEMEER | SO PO 200 /Rt
1. _Licmophora juergensii 8,000/1litre
5, Cyclostella striatta 32,000/1litre
. _Liaviculla gracilis 48,000/1itre
4. Naiv:iculla ‘monilifera 42,000/1itre
Se Amph:::r;l‘ ovalis 20,000/1itre
6. Fleurosigms formosum 7,000/1itre
7. Gyrosigma balticum 14,000/1itre
e Ba_c.illaria paradoxa 1,28,000/1itre
9, Bi tj.zchi; Ina_v;i.cularis 4,000/1itre
10, Nitzchia clostrium 3,70,000/1itre
11. Nitzchia seriata 35,000/ litre
12. pidgularia _ambigua 35,000/1itre
13. Scensddhus acuminatus 60,000/2itre
copa padd 2.0 A ey
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PLATE

Cyclotella striata

Licmophora juergensii

Navicula gracilis

Nitzchia longissma

Amphora ovalis

Bacillaria paradoxa

Chaetoceros subtilis

Navicula monilifara
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et
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PLATE = 1II

9.
10.

11
12.
13.

14.

Diploneris didyma

Pinnularia ambigua

Gyrosigma balticum

Nitzchia navicularis

Stephanopyxis palilmariana

Ceratium gravidum

i
i
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PLATE - III

15,
164
17

18.

Pleurosigma formosum

Mitzchia clostrium

Thalassipsira subtilis

Scenedesmus acuminatus
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maximum values of Chaetoceras subtilis which was third

in abundance during this month.

By the end of monsoon and the beginning of
post monsocon {(September) a noticeable change was
observed in the time distribution pattern of plankton
blomass (Fig. 21). A hitherto unocbserved species "

Bacillaria varadoxa was observed in good guantities

during late Aucust and early September in both the ponds,
and by the end of September five more hitherto unnoticed
species were also existent in both the ponds (Fig 21 - 22).
One conﬁrast between the ponds was the controversial

abundance in the hiomass of this species Nitzhia clostrium.

In general a decreasing trend in the total plankton biomass

was observed during the monsoon,

Discussion

Boyd (1984) while discussing water quality in
relation to fish production in Aquaculture scheme has
stated that the ability of water to produce plankton
depends on many factors, but, the most important is
usually the availability of inorganic nutrients like
carbon, oxygen, hydrogen, rhosphorus, nitrogen, potassium

etc. Out of this, phosphorus is most often the element

redulating vhytoovlankton growth in ponds. In the present

case the seasonal variation of phosphorus is noticeable



although not drastic with a maximum during the late
monsoon (August)., The comparison of the distribution
patterns of the above nutrients and total plankton
biomass shows that the maximum biomass of plankton
corresponds to the maximum available phosphorus during

the investigaticnal periecd.

Banerjea (1963) has put forward a similar
conclusion that in laboratory and field experiments, the
plankton concentration of the water can be increased
considerably by artificially raising the available
phosphorus of the soil, In the present case the soil
phosphorus showed high fluctuations in Pond I. It
was conspicuosuly higher in Pend I than in Pond II which
feature is again reflected in the total plankton biomass
atleast during the monsoon. The mechanisum 0f exchange
of nutrients between sediments and overlving water
although complicated, reveal that the phésphorus content
of the overlvinc water bears ang'inVerse relation with that
present in the bottom soil., This feature could be observed
in the present case also, especially during the monscon
and post monsoon. & similar conclusion has been put forward
by Dinesh Babu (1985) while he discussed the calcium

exchange between sediments and water in some culture ponds,



0SUGI et., al. (1932), sited in Kowaguchi, 1950 and
Lm and Chung (1964) have studied the solubilities of various
phosphate minerals at different pH values and observed that
solubilities of most phosphates increased under alkaline
conditions, Considering the pH varilations and available
nhosphorus concentration of the overlying water in the
present case it can be observed. High phosphorus contents
during the late monsoon, and post monsoon pericods, corresponded
to the alkaline waters especially in Pond II but in Pond I
the feature was not very cleér. As already mehtioned, the
area of Pond II is much lesser than that of Pond I. As has
been stated by Govind (1959) the rich rain waters of south
west monscon appear to influence the production of plankton
duriring the peak mansoon, Gopinathan (1972) has also arrived
at a similar conclusion. Drastic varistions in temperature
were not conspicuous but, in general the low temperature
during the post monscon especially in Pond I seems to be more

favourable for production.

Falkowski {1980) has stated that there is a positive
relatiionship between phytoplankton and nutrient enrichment

in natural waters.

Sumitra Vijayaraghavan (1973) while discussing a
comperative account of soil, water relationship in three
tropical pon’s has stated that the productivity of the Pond

need not necessarily devend upon the total Nitrogen content



present in the soil, In the present case the fluctuations
in the available nitrogen in the pond so0il were not much
during the investi ational period. Not much correlation
was observed between the phosphorus and Nitrogen contents
in the soil, although the former author postulates an
inverse relation between phosphate and nitrogen and direct

relation between pH and phosphate,

Concentration changes in Nitrate are the net
effect of nitrification, Nitrate reduction, and assimilatiocn,
and Nitrate reduction is quantitatively more important than
nitrification, In the present investigation the fluctuations
in the nitrate and nitriaté in the pond waters were remarkable
although the fluctuations in the available Nitrogen in the
sediments were low. During active monsoon in general, the
nitrate concentrations were low in both the ponds, but
the planktonic abundance was high during monsoon. Moreover,
the only wvariations in vlanktonic abundance between active

and pre monscon and post monsoon was in the increase in the

variety of species,

Motzkin et. al. (1982) have studied the interaction
between nutrients load fish activity and developing
phytoplankton in a stocked fish vond, and on unstocked sea
water controlled pond, wherein they received the same nutrient

load from a common inflow when the stocked f£ish pond received

3
)



an extra nutrients especially Nitro en, and they have
stated that this was fesponsible for the higher standing
crop ©of phvtoplakton. In the Narakkal culture ponds the
nitrate contents were high during onset of monsoon, and
low during peak monsoon, but the plankton abuncdance was
more during monscoon. Probably the assimilation ofthe
available Nltrogen by the plankton during monsoon has

resulted in the lower values during late monsoon,

As is the case with Nitrogen and phosvhorus the
amounts of available potassium was always higher in Pond I
in the sediments as well as in the overlving waters. The
amounts in the scdiments were much high=r than in the
overlving watar. As such the fertility of Pond I appsars
to be much higher than Pond II but a correlation between
the availlable potassium and the plankton blomass appears to

be much ill defined that the other nutrients,

An examination of the N=P=K, ratios in the
sediments reveals that the sediments always containg high
amount of available Nitrogen where as the avail=zble potassium
was much low. Throughout the investigational pericd the
ratio between phosphorus and potassium were more or less
constant and the integrated ratiord (N:P:K) did not varying
much. Dinesh Sabu (1985) while discussing exchange of
sediments and water in culture pond has observed that the

soil Nitrogen con ent did not show much variations during the



period May to September, which agrees with the present
observations also. Except for a lesser amount of nutrients

in general the ratios in both the ponds were comparable.

But the ratios in the overlying waters showed much variation
than that in the sediments. The potassium content in the
water were much higher than the sediments. Except for the
peak monsoon periods the the ratios between the three
nutrients were more or less the same, Again the ratios
during monsoon were comparable to sach other but this feature
was not so conspicuous in Pond II wherein general the nutrient

contents were low,

Summar x

The present investigations pertained té & short
term study of the available forms of Nitrogen, Phosphorus
and potassium in the sediments and the overlying waters in
two culture ponds at Narakkal, in relation to the plankton
biomass existing in the ponds. The available forms of
Nitrogen in the sediments and overlying water showed that the
sediments always contain much higher amounts than the
overlying water. The available Nitrogen did not show much
variations monthwise but the fluctuations in potassium content
were highly conspicuous. The available phosphorus was much

more higher in the overlving water than in the sediments,



Acidic soil dominated in Pond I but the water pH was

mostly in the alkaline range. The high amounts of
available Nitrogen during the onset of monsoon showed a
decreasing trend towards the peak of the season which

was accompanied by a noticeable increase in the plankton
biomass and the decrease in the Nitrogen and phosphorus
content during this period has been attributed due to the
congumption by the plankton. A decrease in the biomass
during post monsoon coincided with a notable increase in
the phosphorus nutrient contents. The :orrelation between
the available potassium and plankton biomass was not very
significant. The available potassium was always conspicuously
higher than the other nutrients in ﬁhe overlying water,

The N-P=~K ratios in the sediments and overlying waters were
more or less of a steady nature when the sediments and water

are considered individually.
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