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ABSTRACT

Soil samples collected from various depths, at different sites of Gopalapuram farm
area, Andhra Pradesh were analysed for their physico-chemical characteristics
for the suitability of brackishwater aquaculture. The soils are poor in organic
carbon (0.23 to 0.5 %). Average pH values ranged from 5.2 to 8.4. Low pH values
are associated with higher values of iron and lower values of CaCO,. Textural
class of soil varies from sandy loam to sandy clay loam. Sand/silt ratio values
ranged from 4.0 to 10.3. Organic carbon, available nitrogen and phosphorus content
of soil decreased with increasing depth of soil sampling. Iron content of soils was
positively correlated with increasing depth and negatively correlated with pH and
CaCO, content. Some important satistical correlations among soil characteristics
were also worked out. The farm area was suitable for brackishwater aquaculture

with suitable management of moderate limitation properties of the soils.

Introduction

Successful shrimp culture depends
on two essential ingredients of aqua-
culture, namely good bottom soil condi-
tion and high quality water. The
properties of soil should be considered
in selecting a site, designing earthwork
and specifying construction methods to
provide a watertight pond (Hajek and
Boyd, 1994). Presence of nutrients in
adequate amounts in pond water is
essential for successful aquaculture.
The bottom soil is the reserve source of
nutrient elements which through the
activity of several groups of microorgan-
isms are released in soluble forms
(Mandal, 1962). The soil properties
depend on the characteristics of the
parent material from which it has been
derived by the action of natural re-
sources. Sometimes lack of attention on

soil properties results in aquaculture
ponds being not used to their full
potential.

Interpretations of soil analyses data
for use in aquaculture are difficult,
because few data are available on
relationship between some chemical
and physical properties of soils and
aquatic animal production (Boyd, 1995).
Considering the importance of the
bottom soils in the selection of suitable
site and in determining the productivity
of brackishwater aquaculture system, it
has been considered worthwhile to
determine some relevant properties of
coastal saline soils. In the present
investigation, a survey was conducted
during 1995 to determine the suitability
of land for backishwater aquaculture at
Gopalapuram farm site allocated for
shrimp culture ponds at Nellore.
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Materials and methods

The Gopalapuram farm site was
located in Muthukur Mandal, Nellore
District, Andhra Pradesh. The location
lies at 14° 05°N latitude and 79° 08'E
longitude. The area receives mean
annual rainfall of 543.7 mm, more than
60% of which is received during June to
September. The mean annual tempera-
ture was 29.2°C. The soil temperature
and moisture regimes for this area are
hyperthermic and ustic, respectively.
The saline water source for this farm is
Kandaleru creek, which is a flood drain
creek and has brackishwater almost
throughout the year except during the
times of flood.

The total area of land was 90 acres
in four survey numbers and here, these
are represented as site 1 (21.5 acres),
site 2 (12.3 acres), site 3 (18.2 acres) and
site 4 (38.0 acres). 40 pits were made
in a zig-zag pattern in 4 sites (10 pits
in site 1, 5 pits in site 2, 8 pits in site
3 and 17 pits in site 4). The soil samples
were collected from 0, 50, 100 and 150
cm depth from each pit in a scientific
manner. Thus the total soil samples
collected were 160 in numbers from the
four sites. The soil samples were
analysed for physico-chemical charac-
teristics. The analysed data of same
depth from all the pits of each site are
presented in ranges and averages.

Soil pH, electrical conductivity, cal-
cium carbonate, available phosphorus,
organic carbon and iron content were
analysed by following the standard
methods mentioned by Jackson (1973).
Available nitrogen content in soil was
determined by the alkaline permanga-
nate distillation procedure of Subbiah
and Asija (1956). The texture of soil has
been analysed following International
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pipette method described by
(1966).

Piper

Results
Physical characteristics

Average values of soil textural ana-
lysis along with sand/silt and silt/clay
ratios from all the four sites are
presented in Table 1. Textural class of
first two sites belongs to loamy sand
and sandy loam whereas for sites 3 and
4 it is sandy clay loam. The average
values of sand, silt and clay ranged from
52.5 to 80.0%, 7.5 to 14.0% and 10.0 to
35.0%, respectively. High clay content
was observed at sites 3 and 4. The
surface horizons of all the soils contain
higher amounts of sand fractions.

Soil samples from all the four sites
did not show the uniform sand/silt ratio
indicating a lesser intensity of weath-
ering. Silt/clay ratio was found to be
less than 1.0 at all the sites, except at
50 c¢cm depth soil samples of site 2 in
comparison to sand/silt values of 4.0 to
10.3. The difference of sand/silt ratio
was always more than 0.2 between the
adjacent depths.

Chemical characteristics

The range and average values of
chemical characteristics of soils are
presented in Table 2. Average electrical
conductivity (EC) values for all the four
sites ranged from 2.68 to 39.92 dSm!,
Soil samples from site 2 registered
lower EC values (2.68 to 7.68 dSm'!) as
compared to higher values at other
sites. There was no difinite trend in
EC with depth. pH values ranged from
moderately acidic (5.2) to alkaline
range (8.4). Soil samples from site 4
registered low pH values. Increase in
pH values with depth was observed at
site 2.
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TaBLE 1. Soil texture of Gopalapuram land site, Nellore, Andhra Pradesh

Depth Sand Texture Clay Sand/silt Silt/clay Textural class
(cm) (%) silt (%) ratio ratio
(%)

SITE 1

0 80.0 9.5 10.5 8.42 0.84

50 80.0 10.0 10.0 8.0 1.0 Loamy sand
100 71.5 7.5 15.0 10.3 0.5 and sandy loam
150 70.0 10.0 20.0 7.0 0.5
SITE 2

0 78.0 11.0 11.0 7.09 1.0

50 775 12.5 10.0 6.2 1.25 Loamy sand
100 75.0 10.0 15.0 7.5 0.66 and sandy loam
150 67.5 12.5 20.0 5.4 0.625
SITE 3

0 56.0 14.0 30.0 4.0 0.46

50 57.5 12,5 30.0 4.6 0.42 Sandy clay loam
100 62.5 12.5 25.0 5.0 0.5
150 65.0 10.0 25.0 6.5 0.4
SITE 4

0 55.0 12.0 33.0 4.6 0.36

50 52.5 12.5 35.0 4.2 0.36 Sandy clay loam
100 57.5 10.0 32.5 5.75 0.31
150 60.0 12.5 27.5 4.8 0.45

Calcium carbonate (CaCO,) content
ranged from nil to as high as 1.60%.
The average calcium carbonate values
ranged from 0.1 to 1.23 and were high
at surface horizons and decreased with
the depth except at site 2. Iron content
in soils ranged from 0.57 to 2.01 %.
High values of iron were observed at
site 4.

Organic carbon content decreased
with increasing depth at all the sites.
The average values of organic carbon
ranged from 0.23 to 0.5%. Available
nitrogen and phosphorus average val-
ues ranged from 8.91 to 20.1 and 0.75
to 2.03 Cmol (p*) kg%, respectively and
showed a decreasing trend with depth
indicating that surface horizons are rich
in nutrient status.

Important statistical correlation co-
efficient values for all the sites are

represented in Table 3. Organic carbon,
available nitrogen and phosphorus con-
tent at all the sites were negatively
correlated whereas, iron content was
positively correlated with increasing
depth of soil. Similar negative correla-
tions were observed for pH and CaCO,
except at site 2. Iron content was
negatively correlated with pH and
CaCO,, whereas pH was positively
correlated to CaCO, content. The
available nitrogen and phosphorus con-
tent of soil were positively correlated
with organic carbon content of soil.

Discussion

The importance of soil texture on
the production of the brackishwater fish
ponds has been emphasised by
Djajadiredja and Poernomo (1972). The
higher amounts of sand fractions in
surface horizons of all the soils may be



BP Gupta et al. 394
TaBLE 2. Soil characteristics of Gopalapuram land site, Nellore, Andhra Pradesh
Depth EC pH Org. carbon  CaCO, Iron Av. Av.
(em) (dsnl) (%) (%) (%) nitrogen  phosphorus
[C mol (p)*  [Cmol (p)*
kgl kgl
SITE 1
0 0.75-69.0 46-79 0.35-0.45 0-12 0.48-150 12.0-180 0.80-1.8
(23.97) (5.7) (0.35) (0.41) (1.13) (14.90) (1.26)
50 0.75-69.5 43-6.8 030-0.44 0-12 0.50-1.60 10.0-17.0 0.50-1.8
(29.85) (5.5) (0.36) (0.40) (1.20) (13.37) (1.15)
100 1.00-40.0 42-68 0.28-042 0-0.6 0.70-1.80 80-150 0.40-1.6
(23.97) (5.4) (0.32) (0.13) (1.35) (11.16) (0.95)
150 0.75-40.0 4.0-6.1 0.25-0.40 0-05 0.80-180 7.5-115 0.40-1.2
(22.70) (5.2) (0.29) (0.10) (1.49) (8.91) (0.75)
SITE 2
0 0.75-9.0 58-84 028-035 020-0.80 045-1.00 14.0-17.0 090-16
(2.68) (6:9) (0.31) (0.47) (0.72) (15.27) (1.34)
50 0.75-13.0 7.0-91 025-0.33 040-095 040-095 12.0-17.0 0.80-16
(4.52) (7.9) (0.29) (0.61) (0.69) (14.50) (1.23)
100 1.25-26.2 6.7-93 075-0.30 0.25-095 0.50-095 7.5-150 0.80-18
(7.68) (7.8) 0.27) (0.61) (0.76) (11.11) (1.21)
150 1.0-18.7 46-93 070-028 0.25-0.95 050-1.20 6.0-13.0 0.20-15
(7.43) (7.8) 0.23) (0.54) (0.85) (9.03) (1.00)
SITE 3
0 0.50 - 50.0 7.2-91 0.45-0.60 0.50-1.10 0.25-095 15.0-22.0 1.80-2.30
(31.11) (8.3) (0.50) (0.81) (0.60) (18.61) (2.03)
50 0.50-40.0 7.6-90 0.40-0.60 0.60-1.00 0.25-0.90 12.5-20.0 1.50-2.10
(24.83) (8.4) (0.50) (0.81) 0.57) (16.72) (1.82)
100 0.50-38.0 45-92 028-050 0.15-1.10 0.30-150 11.0-20.0 1.00-2.20
(24.25) (7.4) (0.37) 0.70) (0.66) (13.72) (1.60)
150 2.50-525 50-92 0.25-035 0.10-1.10 0.30-1.40 7.0-14.5 0.80-15
(33.44) (7.5) (0.33) (0.65) (0.66) (9.97) (1.14)
SITE 4
0 21.0-63.0 7.2-82 0.45-0.54 0.78-160 0.90-1.70 17.5-24.0 180-2.20
(36.25) (7.4) (0.49) (1.23) (1.43) (20.50) (1.96)
50 225-69.0 39-79 040-052 0-1.10 1.20-2.30 175-24.0 1.00-20
(39.92) (6.6) (0.45) (1.70) (1.70) (17.35) (1.82)
100 18.0-56.2 28-79 0.30-050 0-150 1.50-2.30 14.0-22.0 0.80-2.0
(36.57) (5.7) (0.42) (0.41) (1.87) (17.35) (1.46)
150 20.0-475 3.1-82 0.20-053 0-150 1.80-2.30 11.0-23.0 0.80-22
(33.95) (5.9) (0.37) (0.36) (2.01) (15.2) (1.25)

Values in parantheses are average values. EC - Electrical conductivity. Org. - Organic. Av.- Available.

due to impoverishment of finer particles
by surface runoff water. The difference
of sand/silt ratio was always more than
0.2 between the adjacent depths, con-
firming the lithological discontinuity,
instead of homogeneity of parent mate-
rial. Qureshi et al. (1996) also reported
similar findings.

Higher electrical conductivity in
these soils may be due to inundation of
saline water as reported by Mazi and
Bandopadhyay (1996). The low pH
values at site 4 may be due to high
amount of iron and low amount of
CaCO,. Increase in pH values with
depth was observed at site 2, which may
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TaBLE 8. Some important statistical correlations among soil characteristics

Site 1 Site 2 Site 3 Site 4

Depth vs. pH —-0.9922 0.715 -0.839 -0.905
Org. carbon -0.922 -0.9832 -0.937 —-0.9952

Iron 0.989# 0.854 0.775 0.9982

Av. nitrogen -0.9962 -0.9762 -0.9892 ~0.9944

Av. phosphorus -0.9922 -0.945 -0.9792 —0.987a

CaCo, -0.923 0.404 -0.945 -0.959

PH vs. Iron -0.9732 0.225 -0.9772 -0.943
CaCo, 0.867 0.891 0.942 0.9982

CaCO3 vs. Iron -0.945 -0.125 -0.930 —0.9831
Av. phosphorus 0.939 -0.233 0.938 0.948

Org. carbonvs. Av. N 0.932 0.9682 0.951 0.9952
Av. phosphorus 0.946 0.983* 0.917 0.9752

Critical value at 5% = — 0.961.

The values denoted by symbol ‘@’ are significant correlations.

be due to migration of bases from high
to lower elevation. The results are
corroborated with the findings of Singh
and Mishra (1996) and Walia and Rao
(1997).

Chattopadhyay and Mandal (1980)
reported that high alkaline earth
carbonates would be useful in counter-
acting some of the possible harmful
effects of organic manuring. In the
present study high content of CaCQ,
would be useful in neutralizing organic
acids released from organic matter
decomposition. High accumulation of
iron at lower depths may be due to
illuviation of iron compounds to lower
layers of soil profile. Bhaskar and
Subbiah (1995) reported high content of
iron and its accumulation in B-horizon
of soil profiles.

Organic carbon content decreased
with increasing depth at all the sites.
Similar findings were reported by Raji
et al. (1996). Chattopadhyay and
Mandal (1986) reported that soils with
organic carbon content below 0.5 % are
poor and needs organic manuring. In

the present investigation organic car-
bon content is poor (average values
ranged from 0.23 to 0.5%) and needs
organic manuring. Chakraborti et al.
(1985) suggested that available phos-
phorus range of 1.08 to 2.86 Cmol (p*)
kgl was poor for Penceus monodon,
accordingly the present soils are pooor
in phosphorus. Chattopadhyay and
Mandal (1980) reported that brackish-
water with high amounts of calcium
ions may react readily with water
soluble phosphorus to render it into
inisoluble calcium phosphate.

Some of the properties of
Gopalapuram farm area such as low
pH, high sand content and low organic
carbon comes under moderate rating
according to the classification of Hajek
and Boyd (1994) i.e. these soils have one
or more properties that will require
special attention for the designated use.
This degree of limitation can be over-
come or modified by special planning
and management such as liming, or-
ganic manuring and additional com-
paction of soils. The soils may be
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considered suitable for brackishwater
aquaculture upon managing these mod-
erate limitation properties.
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