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The 2004 tsunami has created havoc and excessive
devastation in terms of human lives and loss of infra-
structure in coastal areas of Andaman and Nicobar
Islands, and rendered the soil and water resources
salt-affected. In order to assessthe changesin therele-
vant soil characteristics, viz. pH, electrical conducti-
vity, sodium adsorption ratio, soluble cations (Na",
Ca?" and Mg?) and anions (CO3", HCO3, SO5 and ClI),
periodical soil and water sampling was done from
selected soil series/locations of South Andaman. The
resultsrevealed that irrespective of soil series and water
resources, the soluble salt concentration increased
markedly post-tsunami (2005), making the soil highly
saline/saline sodic. However, high rainfall during the
subsequent years (3774 mm in 2005 and 3072 mm in
2006) has drastically reduced the salinity levels at
these sites to almost close to the pre-tsunami levels.
The results indicate the gradual recovery process of
the salt-affected sites, which can be further augmented
by adoption of appropriate location-specific engineer -
ing and agronomic management strategies.

K eywords:
resources.

Soil salinity, soluble salts, tsunami, water

SolLs turn saline generally due to weathering of parent
materials (causing fossil or primary salinity), or from
anthropogenic activities involving the improper manage-
ment of land and water resources (contributing to man-
made or secondary salinity). Until recently, the occurrence
of large-scale soil salinity due to natural disasters like the
tsunami was thought to be a rare phenomenon. However,
nature’s fury in the form of a massive tsunami triggered
by the 26 December 2004 earthquake has created devasta-
tion not only in terms of human lives and loss of infra-
structure in the coastal areas of the Andaman and Nicobar
(A&N) Islands, but also caused complete submergence of
adjoining agricultural fields and plantations, and rendered
the soil and water resources, including ponds and dug
wells salt-affected. The direct environmental impact of
the tsunami varied according to different factors, notably
bathymetry and geomorphology of the coastline'. Thus,
areas adjacent to the relatively steep continental shelves
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were generaly less damaged than coasts with excessive
shallow continental shelf.

The coastal areas of A&N Islands affected by the tsu-
nami present highly diversified human activities, from
inland, freshwater, rice-based systems to mangrove and
coastal strips used primarily for fishing. The tsunami also
affected the cultivated lands surrounding the coastal areas,
with severe impact on the eastern coast’. One of the main
impacts of the tsunami is related to salt accumulation.
This concern reflects an important fear within the agricul-
tural sector and rural communities, of facing a strong
decrease in soil fertility and productivity due high salinity
resulting from sea intrusion. In saline soil, crop growth is
severely restricted®, when the salt concentration (mea-
sured as electrical conductivity of soil saturation extract,
ECe) exceeds 4 dSm™. Soil sodicity has an adverse effect
on the physical structure of the soil, causing problems of
water uptake, transport and aeration of the soil, thus seri-
ously hampering crop production®. In this context, soil
and water sample collection cum analysis was undertaken
at periodical intervals, i.e. immediately after the tsunami
(February and March 2005), one rainy season after the
tsunami (February and March 2006) and two rainy sea-
sons after the tsunami (February and March 2007) in
order to assess the changes occurring in soil salinity and
water quality under situation | (sea water intruded the
cultivated land during the tsunami and receded com-
pletely thereafter) and situation Il (Sea water intrudes
during high tide and recedes during low tide, especially
during new moon and full moon days).

Soil sampling was done at periodical intervals in the
tsunami-affected sites of South Andaman, viz. Lalpahar,
Crikadabad, Chouldhari, Guptapara, Mithakhari, Loha
Barrack and New Manglutan. The samples were collected
from the surface layer (0-15cm) and sub-surface layer
(15-30 cm) using Edelmann corer (7 cm &, 60 cm length)
from ten selected spots by making a transect walk across
the slope under situations | and 11. The soil samples were
air-dried, powdered and sieved through a 2 mm sieve.
The sieved samples (<2 mm) were analysed for ECe, pH,
cations (Na", Ca®* and Mg®") and anions (CO%", HCO;,
SO and CI) in the saturation extract using standard
methods®®. From the values of soluble sodium, calcium
and magnesium, the sodium adsorption ratio (SAR) was
derived®.

The tsunami-affected agricultural lands from where the
samples were collected belong to School line series (Gup-
tapara), Tushnabad series (Mithakhari, Loha Barrack and
New Manglutan) and Dhanikhari series (Lalpahar, Crika-
dabad and Chouldhari) of South Andaman and the pre-
tsunami physico-chemical characteristics of the same soil
series have been documented by Ganeshamurthy et al.”.

Soils of the School line series are Tropofluvents, used
mainly for cultivating rice, coconut and arecanut. The
texture is sandy clay loam with medium organic carbon
content (0.55%) in the upper 25 cm. The soil reaction is
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acidic (pH: 5.9) and the soil ECe was found to be 0.32
and 0.04 dSm™ in 0-15 and 15-30 cm depths, respecti-
vely. Exchangeable calcium and magnesium content was
1.8 ¢ mol (p+)/kg soil in 0—12 cm depth and increased to
3.3cmoal (p+)/kg soil at 55 cm depth. The soils do not
possess any salinity or sodicity hazards.

The soils of Dhanikhari series are Fluventic Sulfaguents
with saline phase, formed from alluvium from the sur-
rounding hills and marine deposits, and are used for rice
cultivation and shrimp farming. The soil texture is clay
loam in nature with very high organic carbon content
(4%) in the upper 25cm. The soil reaction is highly
acidic (pH: 4.7) and the soil EC is 4.8 and 5dSm™ in 0—
15 and 15-30 cm depths, respectively. Exchangeable cal-
cium and magnesium content was 2.7 ¢ mol (p+)/kg soil
in 0—12 cm depth and increased to 3.9 ¢ mol (p+)/kg soil
at 24cm depths and decreased further to 2.1 ¢ mol
(p+)/kg at 105 cm. The soils are highly saline/sodic.

The soils of Tushnabad series are Umbric Fluventic
haplaquepts, formed from shales and are used for cultiva-
tion of coconut, arecanut, spices, banana, papaya and
vegetables. The soil texture is clay loam in nature, with
high organic carbon content (1.5%) in the upper 25 cm.
The soil reaction is acidic (pH: 5.9) and the soil EC was
found to be 0.02 and 0.05 dSm™ in 0-15 and 15-30 cm
depths, respectively. Exchangeable calcium and magne-
sium content was 14.5 ¢ mol (p+)/kg soil in 0—23 cm depth
and increased to 16.4 ¢ mol (p+)/kg soil at 88 cm depth.

The analytical results of soil samples of the above-
mentioned said soil series collected at periodical intervals
aregivenin Table 1.

The pH (of soil saturation extract) of surface soil (0—
15 cm) under situation I, varied between 4.7 and 6.8, and
ECe from 7.2 to 22.9 dSm™, which indicates that there
were several changes in pH and soluble salt content bet-
ween pre-tsunami and post-tsunami conditions. Results
from surface soil-sampling under situation | also revealed
that irrespective of soil series, the surface soil has become
saline. But the subsurface soil (15-30 cm) had comparati-
vely lesser amount of soluble salts (Table 1). This trend
clearly indicates that sea water intrusion during the tsu-
nami did not affect the subsurface soil (15-30 cm), because
the waves intruded in a flash and receded completely,
leaving a layer of sodium and other soluble salts on the
surface soil. The distance of the sampling site from the
seashore and inherent soil salinity may also be responsi-
ble for the variation in the level of soluble salt concentra-
tion in different locations. Similar findings were reported
by Rachman et al.® on the effect of the tsunami on afarm-
land in Aceh, Indonesia.

Under situation 1, the results revealed that irrespective
of soil series and initial salinity level, the surface soil (0—
15 cm) has become highly saline, with ECe ranging from
7.6 to 34.4dSm™ and pH ranging from 5.3 to 6.9 (Table
1). Theincreased level of soluble salt concentration in the
subsurface resulted in increased salinity (ranging from
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Tablel. Salinity status of tsunami-affected agricultural lands of South Andaman

Situation |

Situation 11

Parameter Surface soil (0-15 cm)

Subsurface soil (15-30 cm)

Surface soil (0-15 cm) Subsurface soil (15-30 cm)

Soil salinity immediately after tsunami (February and March 2005)

pH 4.7-6.8(6.3+0.74)" 5.6-6.9 (6.5 + 0.42)
ECe (dSm™) 7.2-22.9 (15.5 £ 6.27) 5.7-16.6 (11.0 + 4.00)
Na" (meq I 67-211 (142 + 58.1) 51-152 (101 + 36.8)
ca?* + Mg* (meq ™)  13-37(26+8.7) 15-30 (23 + 6.4)
SAR 23-51 (39 + 11.1) 18-39 (30 + 8.2)
HCO;3 (meq I7Y)* 0.4-2.9 (2.0 £ 1.02) 0.8-2.8 (1.4 + 0.80)
Cl~ (meg 1Y) 43-158 (107 + 45.6) 41-114 (80 + 28.3)
SO3™ (meq 17 31-81 (56 + 20.8) 21-62 (40 + 15.6)

5.3-6.9 (6.3 £ 0.69)
7.6-34.4 (21.7 + 9.87)
68-293 (191 + 81.5)
18-42 (32 + 9.5)
23-65 (46 + 14.9)
0.8-3.1 (2.4 + 0.97)
56-218 (147 + 57.6)
26-118 (75 + 34.8)

5.3-6.8 (6.2 £ 0.59)
9.7-28.4 (19.6 + 7.05)
89-248 (174 + 59.9)
17-39 (30 + 8.0)
31-56 (44 + 10.0)
1.2-3.1(2.4+0.71)
79-194 (138 + 42.9)
30-101 (67 + 26.3)

Salinity status of tsunami-affected soils after one rainy season (February and March 2006)

pH 5.1-6.5 (6.0 + 0.49) 5.5-6.6 (6.0 + 0.41) 5.1-6.6 (6.0 + 0.56) 4.8-6.4 (5.8 +0.64)
ECe (dSm™) 3.9-11.9 (7.8 + 2.99) 2.3-8.4 (5.9 £ 2.19) 45-14.1 (9.5+3.12) 6.2-11.3 (8.7 + 1.90)
Na’ (meq %) 32-99 (67 + 26.2) 19-75 (51 + 20.6) 38-131 (82 + 30.7) 57-102 (76 + 17.6)
ca? + Mg* (meq I™)  12-31(21+6.5) 11-24 (18 + 4.7) 13-33 (24 + 6.3) 14-26 (21 + 4.1)
SAR 13-28(20+5.9) 8-23 (16 + 5.5) 15-27 (24 + 6.7) 20-26 (24 + 4.5)
HCO;z (meq I7%)* 0.2-1.4 (0.8 + 0.57) 0-1.2 (0.4 + 0.43) 0-1.8 (1.0 £ 0.70) 0-1.4 (0.9 + 0.51)
CI~ (meg 1) 28-88 (57 + 24.3) 21-64 (43 £ 17.7) 36-106 (67 + 22.6) 48-88 (61 + 15.9)
SO% (meg 1) 18-37 (29 + 7.5) 11-28 (20 + 6.5) 17-45 (34 + 10.0) 21-41(32+7.2)

Salinity status of tsunami-affected soils after two rainy seasons (February and March 2007)

pH 4265 (5.6+0.71) 4.96.3 (5.7 + 0.45) 4.96.7 (5.9 + 0.62) 4.4-6.8 (5.7 + 0.80)
ECe (dSm™) 0.6-5.9 (3.9+ 2.22) 0.4-5.3(3.3+ 1.95) 3.9-83(6.2+ 1.57) 3.7-7.6 (5.6 + 1.33)
Na' (meq %) 4-46 (31 + 17.8) 3-41 (27 + 15.9) 31-75 (53 + 15.6) 28-68 (47 + 12.9)
ca®* + Mg¥ (meql™)  6-24(16+7.2) 6-19 (14 £ 5.4) 10-19 (15 + 3.0) 12-19 (15+ 2.8)
SAR 2-15(10+ 5.2) 2-14 (10 £ 5.2) 14-27 (19+ 4.2) 12-23 (17 + 3.5)
HCO3 (meq I™H)* 0-0.2 (0.1 £ 0.10) 0-0.4(0.2£0.17) 0-0.5(0.3£0.19) 0.1-0.8 (0.4 + 0.26)
Cl~ (meg 1Y) 5-43 (27 + 15.0) 5-34(23+12.1) 24-55 (42 + 10.4) 28-51 (38 £ 8.8)
SO3 (meg 1Y) 326 (15 + 8.4) 3-22(12+7.1) 13-36 (25 + 7.3) 13-30 (21 + 6.4)

"V aluesindicate minimum — maximum (mean + standard deviation) across locations; *CO3™ was absent in all the places.

ECe 9.7 to 28.4 dSm™) due to the percolation of soluble
salts downward from the surface soil.

The analytical results of tsunami-affected soils after
one rainy season revealed that irrespective of soil series
and the conditions, there has been appreciable reduction
in soluble cation and anion concentration, which in turn
resulted in reduced ECe values. The surface-soil ECe of
School line series (Guptapara) has come down to 3.9
from 7.6 (immediately after the tsunami) under situation
[, and to 6.8 from 11.2 under situation Il. In case of the
Dhanikari series a similar trend was observed under both
situations. With respect to Mithakhari, Loha Barrack and
New Manglutan (Thushnabad series), the ECe of surface
soil decreased to 11.9, 7.2 and 4.1 from 22.9, 16.1 and
7.2 under situation | and 14.1, 9.4 and 4.5 from 34.4, 20.2
and 7.6 under situation 1l respectively. Similar trend was
observed in the subsurface soil irrespective of soil series
and conditions. The reason for appreciable reduction in
soil salinity in surface and subsurface soils may be attri-
buted to the leaching of soluble salts by the high rainfall
(3774 mm against average rainfall of 3075 mm) received
during the 2005 rainy season. This has facilitated the re-
moval of soluble salts in horizontal and vertical direc-
tions. Reports on the positive impact of monsoon rainfall
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in leaching of soluble salts are already available®™*%

Though the salinity level has reduced from the initial
value (immediately after the tsunami), it has remained
above 4dSm™ in all the locations except in Guptapara
(School line series). This may be attributed to the soil
texture of the School line series (sandy clay loam), which
might have facilitated the removal of soluble salts through
leaching, as against the clay loam texture of Tushnabad
and Dhanikari series, which does not allow leaching of
soluble salts. Minhas™ has reported that lower water-
holding capacity of coarser soils leads to higher pore vol-
umes of displacing solutions consequent upon similar
rainfall. A larger fraction of rainwater also tends to either
run-off or to evaporate from stagnant water on the surface
of the soil due to the low infiltration rates of fine-textured
soils (having a high clay content). This reduces the water
available to displace the salts. Though enough informa-
tion on soluble cations and anions was not available for
the pre-tsunami condition of the above soil series, the
analytical results of post-tsunami samples revealed that
there has been appreciable involvement of sodium cation,
and chloride and sulphate anions in surface and subsur-
face soils. It also revealed that the involvement of carbo-
nate and bicarbonate anions was negligible. This may be
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Table2. pH, EC and soluble salt concentration of water samples of tsunami-affected ponds and wells of South Andaman

Soluble cations (meq |™)  Soluble anions* (meq 1™)

Source Location pH EC (dSm™) Na*  ca'+ Mg* cl- S0

Immediately after tsunami (February and March 2005)

Pond Lalpahar 6.9 4.9 384 14.1 404 16.9
Chouldhari 7.8 44 33.7 8.7 36.2 11.3
Crikadabad 7.6 11.8 88.3 36.2 83.7 254
Guptapara 6.2 31 17.1 114 21.9 7.6
Manjeri 6.6 2.3 13.7 9.7 15.4 4.2

Well Sippighat 6.6 45 375 12.6 41.2 7.1
Chidiyatappu 7.2 29 22.3 13.9 244 6.9
Mithakhari 7.4 9.4 75.8 275 69.1 21.8

One year after tsunami (February and March 2006)

Pond Lalpahar 7.1 4.2 28.6 115 33.6 12.8
Chouldhari 7.4 45 36.2 12.9 40.3 7.3
Crikadabad 7.3 6.3 46.5 221 43.0 18.8
Guptapara 4.5 13 8.3 6.8 10.7 14
Manjeri 6.1 0.8 5.9 2.0 6.8 2.6

Well Sippighat 7.0 25 19.0 10.5 221 5.9
Chidiyatappu 7.5 1.32 9.5 4.9 11.9 41
Mithakhari 8.2 29 214 13.7 26.9 5.7

Two years after tsunami (February and March 2007)

Pond Lalpahar 7.5 21 16.4 9.4 19.2 4.8
Chouldhari 7.9 2.7 18.9 14.1 235 7.3
Crikadabad 6.9 3.2 23.0 16.7 27.8 8.4
Guptapara 4.3 14 9.8 5.8 11.1 13
Manjeri 6.5 0.4 3.7 21 34 17

Well Sippighat 7.9 17 12.6 8.6 14.3 52
Chidiyatappu 7.0 1.0 7.8 5.8 9.5 29
Mithakhari 7.1 15 115 7.2 12.8 34

The results represent a single sample value; * CO3” and HCO; were absent in all the places.

attributed to the composition of seabed materials and sea
water, which mainly contained chlorides and sulphates of
sodium, brought by the tsunami into the agricultural
lands®.

After two rainy seasons, there has been a drastic reduc-
tion in soluble salt concentration of tsunami-affected ag-
ricultural lands. The surface soil ECe ranged from 0.6 to
5.9dSm™ under situation | and from 3.9 to 8.3dSm™
under situation Il. Similarly, in the subsurface soil, the
soil ECe ranged from 0.4 to 5.3 dSm™ under situation |
and from 3.7 to 7.6 dSm™ under situation I1. In addition,
the soil pH is also approaching the pre-tsunami level in
most cases. The reason for the reduction of soil ECe un-
der situation 1l is due to the construction of bunds along
the shore, which has prevented the entry of sea water into
agricultural lands. However, this has also resulted in the
problem of water stagnation in many places due to lack of
drainage outlets.

The analytical results of the water samples collected
immediately after the tsunami have revealed that the
waves have contaminated both well and pond water, and
that the ECe ranged from 2.3 to 11.8 dSm™ (Table 2) and
contained mainly chlorides and sulphates of sodium.
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However, the level has reduced after one rainy season.
This may be attributed to the high rainfall received during
the season, which has diluted or washed away contamina-
ted water from the ponds and wells. The ECe level has
further decreased after two rainy seasons, and in most of
the placesit is below 2 dSm™.

Soil salinity reclamation requires analysis of sensitivity
parameters that affect interactions between salinity and
crop yield**. Methodologies developed elsewhere for re-
claiming saline and saline-sodic soils of arid and semiarid
regions due to irrigation may not be suitable for the A& N
Islands.

Hence rehabilitation and management of salt-affected
soils of these islands require a combination of engineer-
ing and agronomic measures depending upon different
situations. The first step towards reclamation of any salt-
affected soil should be on the basis of assessment of the
soil, including soil profile, which will in turn establish
whether the soil is saline/saline-sodic in nature, or is not
affected by salts. In the Andamans, the analytical results
revealed that the Na®*/CI™ + SO~ and the COj + HCO3/
Cl™ + SOj™ ratios were less than one. Thus, application of
amendments like gypsum is not required and leaching
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through rainwater impounding alone will be effective to
reclaim the tsunami-affected agricultural lands®. Hence,
agricultural lands under situation | can be easily reclai-
med considering the higher annual rainfall (>3000 mm),
which can be effectively used for leaching out the accu-
mulated salts. However, the areas under situation Il re-
quire construction of raised embankments along with
sluice gates, which will regulate the ingress of sea water
in these areas. It will restrict the entry of sea water into
the field during high tide and will allow the drainage of
rainwater from the field, which may collect during the
rainy season during low tide. In case of situation 11l
(Permanent stagnation of sea water and depth of im-
pounding increases with high tide), it has been envisaged
that brackish-water aguaculture would be an alternative
livelihood option.

Besides these, a set of agronomic management pra-
ctices as enlisted below may be followed for effective re-
habilitation of salt-affected soils.

e Selection and raising of salt-tolerant varieties of crops
like rice, sugarcane, sorghum, watermelon and forage
crops like karnal grass (Diplachne fusca) and para
grass (Brachiaria mutica), and green manure crop like
Seshania sp.

e Selection of suitable crop rotation like rice-water-
melon, rice-maize, rice-sorghum, rice-vegetables,
rice—sugar beet and rice—forage crops.

e Adoption of broad bed and furrow system of land
manipulation in the affected areas

e Application of higher dose of farmyard manure
(FYM) to improve the physical condition of the soil
and drainage.

e In case of rice, transplanting of aged seedlings of salt-
tolerant variety and increased number of seedlings (4—
6) per hill.

e Sowing seeds in the furrows or two-thirds from the
top of the ridge.

e For wide-spaced crops like vegetables, adoption of the
pit system of planting by replacing the salt-affected
soil with a mixture of normal soil and FY M.

e Adoption of frequent light irrigation.

e Adoption of drip irrigation or pitcher irrigation for
high-value crops.

e Application of higher dose of NPK than the recom-
mended dose, and

e Adoption of auger hole technique for planting tree
species in salt-affected areas.
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Intensity of shape preferred
orientation in a granite and its
tectonic implications
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The present study deals with the measurement of in-
tensity of shape preferred orientation in the Palaeo-
proterozoic Malanjkhand Granite (Central India).
This intensity is measured by calculating the strength
of mineral lineation of biotite (k). The NE-SW strik-
ing Central Indian Suture (CIS) that was formed by
the collision of the Bundelkhand and Bastar cratons
lies to the north of the granite and x;,; was calculated
in 11 samples collected at varying distances from the
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