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Bottom soil plays a significant role in determining productivity of fish ponds as well as
breeding, spawning and hatching of fish egg. This is evident from a field study in the bundh
breeding areas of Bankura district of West Bengal, India where fish breeders, during
breeding of carps in bundhs, were being practicing to apply a specific soil both in breeding
and hatching bundhs. Farmers mix this particular soil with the water of breeding bundh
before releasing of brood fish & in hatching bundh they mix it before releasing fertilized
eggs into the hatching pit. In many occasions farmers place these soils in front of inlet drain
so that inflowing water automatically carry it into respective pond and mix with the water.
As reported this soil acts as a catalyst for overall reproductive performance of fish and
stimulates not only breeding but also enhances spawning and hatching in carps. To
understand the actual chemical changes and mineral or nutrient present in the soil this study
was conducted through SEM EDX analysis.

Copyright©2019 Ghorai P.P and Chattopadhyay N.R. This is an open access article distributed under the Creative Commons Attribution License,

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

A field survey to understand the present status of breeding
practice in Bundh in captivity, it was revealed that the soil,
collected from particular layer of the area, profusely influence
the overall breeding phenomena of fishes. The soils not only
stimulate breeding but significantly enhance fertilization and
hatching rate of carps. To understand the mineral composition
of that particular soil and in an effort to identify the role of
specific element on different aspects of breeding, SEM- EDS
analysis of the said soil (soil from different layer) were
conducted.

Back scattered electron images in the SEM display
compositional contrast that results from different atomic
number elements and their distribution. Energy Dispersive
Spectroscopy (EDS) allows one to identify what those
particular elements are and their relative proportions (Atomic
% for example). Initial EDS analysis usually involves the
generation of an X-ray spectrum from the entire scan area of
the SEM.

Below is a secondary electron image of polished three soil
sample [IS1(a,b,c), IS2(a,b,c) & 1IS3(a,b,c)] and the
corresponding X-ray spectra that was generated from the entire
scan area.

*Corresponding author: Ghorai P.P
Department of Zoology, Vidyasagar University, Midnapore,
West Bengal, India

The Y-axis shows the counts (number of X- rays received and
processed by the detector) and the X-axis shows the energy
level of those counts. The EDS software we have, “Noran
System Six” (NSS), is quite good at associating the energy
level of the X-rays with the elements and shell levels that
generated them.

SEM EDX analysis of soil

Scanning electron microscopy has been largely used to observe
natural soil aggregates [fig.1, 5 & 9] and also analyze
inorganic soil components and their associates. This technique
was used in a study of the fractal dimension of clay minerals as
well as associations of aluminum-iron species with silica
particles and the mixture of clay minerals with inorganic
materials ( Table. 1- 9). Soil is a complex mixture of chemicals
and organisms some of which are usually organized at the
nano level. The definition of nano- technology has expanded
from the initial discoveries of the capacity to move and locate
atoms singularly to something much larger. Now, it is possible
to understand soil structures using techniques developed for
nanotechnology such as scanning electronic microscopy,
atomic force microscopy [10, 11, 12, and 13], X-ray
diffraction, X- ray fluorescence etc. Thus, main goal of this
investigation was to characterize soil in its natural state.

To understand the actual chemical changes and mineral or
nutrient present in the soil a study was conducted for SEM
EDX analysis. For SEM EDX analysis of soil was collected
from various layer of ground soil of Panchmura of Bankura
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district. Then the collected soil sample was analyzed at Central
Research Facility of IIT Kharagpur (SEM EDX) in JEOL
JSM5800 Scanning Electron Microscope with Oxford EDS
Detector. The microscope has tungsten hairpin filament and a
maximum acceleration voltage of 30 kV. In the back drop of
such an interesting observation we have tried to identify the
mineral component of the regional soil, are being used by the
fish breeders during bundh breeding since its inception. To
find out the role of particular mineral component of said soil
we have made an electron microscopic analysis of the soil
sample from ground level, from 8 feet & 12 feet below. The
collected soil sample were labeled as 1S1 for soil collected
from 8 feet below the ground level (1S1a, 1S1b & 1S1c were
the spectrum analysis), 152 for soil sample collected 12 feet
below the ground level (1S2a, 1S2b & 1S2c were the spectrum
analysis) & 1S3 for soil sample collected from the ground
level (1S3a, 1S3b & 1S3c were the spectrum analysis). All
soils were collected from Panchmura of Bankura district a
unique place of fish breeding in West Bengal.

Standard used for SEM EDX analysis

Spectrum processing: No peaks omitted, Processing option:
All elements analyzed (Normalised) Number of iterations = 5

C CaCO3 1 Jun 1999 12:00 AM
0 Si02 1 Jun 1999 12:00 AM
Na Albite 1 Jun 1999 12:00 AM
Mg MgO 1 Jun 1999 12:00 AM
Al A1203 1 Jun 1999 12:00 AM
Si Si02 1 Jun 1999 12:00 AM
P GaP 1 Jun 1999 12:00 AM
CIKC1 1 Jun 1999 12:00 AM
K MAD 10 Feldspar 1 Jun 1999 12:00 AM
Ca Wollastonite 1 Jun 1999 12:00 AM
Ti Ti 1 Jun 1999 12:00 AM
CrCr 1 Jun 1999 12:00 AM
Fe Fe 1 Jun 1999 12:00 AM
Cu Cu 1 Jun 1999 12:00 AM
Zn Zn 1 Jun 1999 12:00 AM
Br KBr 1 Jun 1999 12:00 AM
Mo Mo 1 Jun 1999 12:00 AM
Cd Cd 1 Jun 1999 12:00 AM

Soil Sample 151 (Special soil yellowish in colour)
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Fig. 1 SEM image of soil sample 1S1 under different magnification a) 500X
and b) 1000X (Special soil yellowish in colour, collected 8 feet from ground
level of Panchmura of Bankura district)

Spectrum 1s1a
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Fig 2 EDX spectrum of soil sample 1S1la
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Table 1 SEM-EDX Elemental analysis of Soil sample

1S1a
(Eﬁﬁggi) Weight%  Atomic%

CK 10.86 16.96
0K 50.40 59.06
Mg K 0.25 0.20
ALK 7.70 5.35
SiK 23.65 15.79
PK 0.05 0.03
CIK 0.11 0.06
KK 1.56 0.75
CakK 0.05 0.03
Mn K 0.04 0.01
Fe K 498 1.67
Ni K 0.26 0.08
Mo L 0.07 0.01

Totals 100.00
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Spectrum 1S1b Table 3 SEM-EDX Elemental Analysis of Soil sample
1S1c
Elements Lo ;o
(K/L beam) Weight%  Atomic%
OK 52.79 68.83
NaK 0.26 0.24
Mg K 0.16 0.14
AlK 8.45 6.53
SiK 26.15 19.42
SK 0.24 0.15
KK 2.15 1.15
Full Scale 1494 cts Cursor: 0.000 ke CaK 0.33 0.17
. . TiK 0.74 0.32
Fig 3 EDX spectrum of soil sample 1S1b FeK 6.10 298
CuK 1.17 0.38
30 AsL 0.26 0.07
40 BrL 1.20 0.31
30
20 B Weight%
10
0

C O Mg Al Si S Cl K Ca Ti Mn Fe Zn Mo Cd

Table 2 SEM-EDX Elemental analysis of Soil sample

1S1b
Elements Weight% Atomic%
(K/L beam)

CK 3891 50.41
oK 41.36 40.22
MgK 0.15 0.09
AlK 334 1.93
SiK 9.91 5.49

SK 0.05 0.03
CIK 0.05 0.02
KK 0.71 0.28
CaK 0.04 0.02
TiK 0.41 0.13
Mn K 0.00 0.00
FeK 4.76 1.33
ZnK 0.10 0.02
Mo L 0.05 0.01
CdL 0.16 0.02
Totals 100.00

Spectrum 1S1¢

Fig 5 SEM image of soil sample 1S2 a) 500 X and b) 1000 X (Special soil
whitish in colour, collected 12 feet from ground level of Panchmura of
Bankura District.)
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Fig 4 EDX spectrum Of soil 1S1c
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Fig 6 EDX spectrum of soil sample 1S2a
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Spectrum 1S2¢

Full Scale 685 cts Cursor: 7.436 (3 cis)

ke

Table 4 SEM-EDX Elemental analysis of Soil sample 1S2a

Elements (K/L Weight% Atomic%

beam)
CK 38.22 49.14
OK 42.68 41.20
MgK 0.19 0.12
AlK 3.90 2.23
SiK 11.08 6.09
PK 0.02 0.01
SK 0.02 0.01
CIK 0.07 0.03
KK 0.88 0.35
CakK 0.04 0.01
Ti K 0.29 0.10
FeK 2.37 0.66
NiK 0.03 0.01
Zn K 0.01 0.00
AsL 0.17 0.03
Mo L 0.04 0.01
Totals 100.00

Spectrum 1S2b

Full Scale 1494 cts Cursor: 0.000

Fig 7 EDX spectrum of soil sample 1S2b

Fig 8 EDX spectrum of soil sample 1S2¢
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Table 5 SEM-EDX Elemental analysis of Soil sample 1S2b

(Eimlfg;) Weight%  Atomic%
CK 23.64 33.45
0K 47.92 50.90
Mg K 0.23 0.16
ALK 5.16 3.25
SiK 16.57 10.02
clK 0.09 0.04
K K 1.19 0.52
CaK 0.19 0.08
TiK 1.46 0.52
Fe K 341 1.04
ZnK 0.00 0.00
AsL 0.08 0.02
cdL 0.07 0.01

Totals 100.00

19398

Table 6 SEM-EDX Elemental analysis of Soil

samplelS2c
Elements Weight% Atomic%
(K/L beam)

CK 12.89 20.09
OK 49.69 58.14
Na K 0.11 0.09
Mg K 0.20 0.16
AlK 5.46 3.79
SiK 21.47 14.31
PK 0.07 0.04
KK 1.84 0.88
CaK 0.30 0.14
TiK 0.51 0.20
Mn K 0.02 0.01
Fe K 4.06 1.36
AsL 0.09 0.02
BrL 3.28 0.77
Totals 100.00

BEea
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Fig 9 SEM image of soil sample 1S3 a) 500 X and b) 1000 X

(Ground soil of Panchmura of Bankura District)

Spectrum 1S3a
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Fig 10 EDX spectrum of soil sample 1S3a
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Table 7 SEM-EDX Elemental analysis of Soil sample

1S3a
(Ilz“/l]‘i“l‘;‘;‘l;) Weight%  Atomic%

CK 21.03 28.58
0K 47.34 53.03
Mg K 0.43 0.32
ALK 5.98 3.97
SiK 18.08 11.54
PK 0.16 0.09
CIK 0.29 0.15
KK 130 0.60
CakK 0.09 0.04
TiK 0.81 0.30
Fe K 3.56 1.14
Ni K 0.15 0.05
CuK 0.51 0.14
ZnK 0.01 0.00
AsL 0.25 0.06

Totals 100.00

SpectrumlS3b
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Fig 11 EDX spectrum of soil sample 1S3b
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Table 8 SEM-EDX Elemental analysis of Soil sample

1S3b
(E}E“;i';i) Weight% Atomic%
CK 2146 30.70
0K 4907 52.70
Na K 0.09 0.07
Mg K 0.31 0.22
ALK 5.61 3.58
SiK 1745 10.68
PK 0.08 0.04
KK 1.17 0.51
CaK 0.38 0.16
TiK 0.35 0.12
Mn K 0.27 0.08
Fe K 3.19 0.98
Ni K 0.16 0.05
CuK 0.40 0.11

Totals 100.00

Spectrum 153¢

Full Scale 1265 cts Cursor: 3.782 (12 cis) ke

Fig 12 EDX spectrum of soil sample 1S3c
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Table 9 SEM-EDX Elemental analysis of Soil sample 1S3¢

Elements

(K/L beam) Weight%  Atomic%
CK 35.34 46.93
OK 42.48 42.36

NaK 0.01 0.01
MgK 0.23 0.15
AlK 2.59 1.53
SiK 12.67 7.20
PK 0.04 0.02
CIK 0.06 0.03
KK 0.87 0.35
CaK 0.14 0.06
TiK 0.12 0.04
CrK 0.06 0.02
Fe K 2.48 0.71
CuK 0.22 0.05
ZnK 0.05 0.01
BrL 2.61 0.52
Mo L 0.03 0.01
Totals 100.00

7.20 atomic %. As regards the other minerals aluminum,
calcium, titanium & bromide was found to be more than that of
the standard soil.

The experimental data, as envisaged by some worker
(Chattopadhyay, 2017), indicate a highly positive significant
role of the soil under study, in enhancing the fertilization and
hatching rate of eggs of Carps. One way ANOVAs test of the
experimental data indicate highly significant value in respect
of fertilization and hatching (P=0.003219). Results of
percentage wise elemental composition indicate oxygen was
highest (52.79% in S1; 49.69% in S2; 42.48 in S3), followed
by carbon ( 38.91 in S1, 38.22in S2 & 35.34 in S3) silicon
(26.15% in S1; 21.47% in S2, 12.67% in S3), iron (15.21%),
aluminium (8.45 in S1, 5.46 in S2 & 2.59 in S3) potassium
(4.60%) and titanium (2.05%) (Table. 10 & 11). The soil was
completely devoid of chloride with negligible amount (0.04 in
S1& S2 and 0.14 in S3) of calcium.

Table 10 SEM-EDX analysis of soil collected from different layer of ground Level in Panchmura of Bankura in West

Bengal
Soil collected From 8' below ground From12' below ground Ground Soil
Sample No 10 ys1b 1Sle 152a 1S2b 152¢ 1S3a 1S3b 183¢
Elements

C 10.86  38.91 - 38.22 23.64 12.89 21.03 21.46 35.34

(0) 50.40 41.36 52.79 42.68 47.92 49.69 47.34 49.07 42.48
Mg 0.25 0.15 0.16 0.19 0.23 0.20 0.43 0.31 0.23
Al 770 334 8.45 3.90 4.16 5.46 5.98 5.61 2.59

Si 23.65 991 26.15 11.08 16.57 21.47 18.08 17.45 12.67

P 0.05 0.00 0.00 0.02 0.00 0.07 0.16 0.08 0.04

Cl 0.11 0.05 0.00 0.07 0.09 0.00 0.29 0.00 0.06

K 1.56 071 2.15 0.88 1.19 1.84 1.30 1.17 0.87

Ca 0.05 0.04 0.33 0.04 0.19 0.30 0.09 0.38 0.14
Mn 0.04  0.00 0.00 0.00 0.00 0.02 0.00 0.27 0.00
Fe 498 476 6.10 2.37 3.41 4.06 3.56 3.19 2.48

Ni 026  0.00 0.00 0.03 0.00 0.00 0.15 0.16 0.00
Mo 0.07  0.05 0.00 0.04 0.00 0.00 0.00 0.00 0.03
Cr 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06

Br 0.00  0.00 1.20 0.00 0.00 328 0.00 0.00 2.61

S 0.00  0.05 0.24 0.02 0.00 0.00 0.00 0.00 0.00

Ti 0.00 041 0.74 0.29 0.46 0.51 0.81 0.35 0.12

Zn 0.00  0.10 0.00 0.01 0.00 0.00 0.01 0.00 0.05
Cd 0.00  0.16 0.00 0.00 0.07 0.00 0.00 0.00 0.00
Na 0.00  0.00 0.26 0.00 0.00 0.11 0.00 0.09 0.01
Cu 0.00  0.00 1.17 0.00 0.00 0.00 0.51 0.40 0.22
As 0.00  0.00 0.26 0.17 0.08 0.09 0.25 0.00 0.00

Out of the said SEM-EDX analysis the amount of silicate was
higher in terms of weight percentage in the soil (1S1) collected
8 feet below the ground than 1S2 & 1S3. Titanium also found
to be present in higher in the sample 1S1.

One of the major elemental compositions of the soil under
consideration is the presence of silicon in the form of silicon
dioxide (Si02).

Table 11 Different minerals in soil sample 1 by SEM-EDX analysis which is higher in amount (K — K beam of SEM-EDX)

Elements  Soil Sample 1 (8 ft below from  Soil Sample 2 (12 ft below from (S(‘;;loii'(‘i“;l;f)

(K/L ground) yellowish(1S1c) ground) whitish (1S2c) (1S3¢)

beam) Weight % Atomic% Weight % Atomic% Weight % Atomic%
AlK 8.45 6.53 5.46 3.79 2.59 1.53
SiK 26.15 19.42 21.47 14.31 12.67 7.20
CakK 0.33 0.17 0.30 0.14 0.14 0.06
TiK 0.74 0.32 0.51 0.20 0.12 0.04
BrK 1.20 0.31 3.28 0.77 2.61 0.52
OK 52.79 68.83 49.69 58.14 42.48 42.36

RESULTS AND DISCUSSION

In three cases the amount of silicate was more (26.15 weight %
and 19.42 atomic %) in the soil sample collected 8 feet below
the ground, (21.47 weight % & 14.31 atomic %) in the soil
sample 12feet below the ground level , while the ground soil
possess silicate mineral ion in the range of 12.67 weight % &

Besides acting as an abiotic component, it also influences the
behavior, breeding and spawning of psamophilic (sand loving)
fishes and also acts as an aquifer by storing a large amount of
water. With metallic ion it forms silicate salts like potassium
and sodium silicate. In silicate form it not only acts as a ready
source of oxygen but turns the water towards alkaline side.

19400
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From the experiment and subsequent elemental analysis, we
assume that the particular soil, create a favorable breeding,
fertilization and hatching environment in aquatic system.
Further study is needed to unveil the actual role of constituent
element in stimulating the overall breeding behavior of
freshwater fishes.

Reports are there which indicates that the oxygen holding
capacity of silicon is maximum which is envisaged from the
molecular configuration of silicon in soil. Initial tetrad
molecular form (fig. 13) indicates its primary properties to
bind with four oxygen molecule and it is

OH

|

NaQ — Si— ONa

OH

Fig 13 Tetrahidral structure of sodium silicate

reported that several such tetrad may combine through
molecular chain to form a branch of tetrads. This indicates that
the aquatic bottom soil which is rich in silicates, supply more
oxygen to aquatic environment and maintain a constant &
optimum supply of oxygen at soil - water interface. This study
helps in understanding the age old practice of using regional
soil by the fish breeders in bundh with the idea that this will
enhance fertilization and hatching. Electron microscopic and
spectrum analysis definitely indicate the role of silicate not
only as oxygen enhancer in fish pond but also stimulates both
the male and female fishes in spawning with increase
fertilization and hatching.

Besides the de-clogging property of silicates help separating
individual egg by dissolving the glue and in the way
offers each individual egg to be fertilized by sperm.
Otherwise immediately after spawning the eggs, with its
contact with water, clogs to each other to form round ball
like structure. At this stage only the peripheral eggs are
fertilized as tightened glue does not allow the sperm to
enter into egg ball or we may say that the sperm are
devoid of enzymes which can dissolve the adhesive glue.

After temperature and DO, calcium, present in the
experimental soil, also found to be an important water-quality
characteristic in catfish hatchery operations. Calcium, a major
cation in natural waters, primarily contributes to maintaining
osmotic pressure and reducing the hydration of polar organic
molecules of the chorion (Maetz 1974). The pioneering work
of Tucker and Steeby (1993) led to the practice of
supplementing water in catfish hatcheries with 10 mg/L
calcium hardness. Ketola et al. (1988) previously determined
similar concentrations of calcium to improve eye-up and
hatchability of Atlantic salmon Salmo salar, rainbow trout
Onchorhynchus mykiss, and brook trout Salvelinus fortinalis.
Further, Yamamoto (1962) found Ca’ * ions played an
important role in the chain reaction of fertilization in fish eggs
in terms of stimulation, reception of stimulation, evocation of
excitation, and activation of enzyme. The effect of calcium on
egg hardening is not properly understood yet but it is known
that excessive calcium may decrease the osmotic pressure
difference between the environment and the eggs; Ca® * also
reduces the hydration of polar organic molecules by reducing
the repulsive forces of the anions and the chorion (Maetz

1974). In a recent study, a reduction in fertility of hybrid
catfish eggs incubated at 25 mg/L calcium hardness, although
not significant compared with those incubated in waters at
higher calcium concentrations, appears to have contributed to a
reduced hatch. Further studies are warranted. Recommended
calcium hardness for optimal hatching of teleosts for
aquaculture is recommended by several authors. On the basis
of this study, it is recommended that an in-depth study may
unveil several avenues for fish breeding in captivity.
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