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Physical oceanographic conditions along the east and west 
coasts of India immediately after the recent devastat-
ing tsunami are presented here. The thermocline in the 
southeast coast exhibited trivial downward tilt towards 
north. A mixed layer deepening (> 50 m) associated 
with low-salinity (< 34 psu) and relatively colder water 
is noticed in the Gulf of Mannar region and along east 
coast of India. The low-salinity waters observed are 
apparently from the Bay of Bengal, driven along the 
coast into the Arabian Sea by north equatorial current 
between equator and 10°°N, and the southward-flowing 
east India coastal current. A high-salinity tongue 
(> 36.0 psu) was identified as the Arabian Sea high sali-
nity water mass along the west coast of India around 
100 m depth up to 10°°N. The heat content changes 
closely followed similar changes in the depth of the 
20°°C isotherm. Turbidity measurements using light 
scattering sensor showed the existence of two layers of 
high-scattering, one around 40 m and the other around 
250 m. The shallow high-scattering layer is associated 
with high chlorophyll a concentration, but the deeper 
high-scattering layer noticed at shallow stations off the 
west and east coasts of India may be due to the resus-
pension of the sea-floor sediments due to turbulence 
generated by the tsunami. 
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THE recent earthquake originated in the Indian Ocean just 
north of Simeulue island, off the western coast of northern 
Sumatra, Indonesia has produced the largest trans-oceanic 
tsunami in over 40 years and killed more people than any 
tsunami in recorded history. It occurred at 3.30°N, 95.8°E 
during 00.58 h (UTC) on 26 December 2004. The result-
ing tsunami devastated the shores of Indonesia, Sri 
Lanka, southern parts of India, Andaman and Nicobar Is-
lands, Thailand and other countries in this region, with 
waves up to 15 m (50 ft) high, even reaching the east coast 
of Africa, 4500 km (2800 miles) west of the epicentre. At 
some places the waves reached as far as 2 km inland. 
Several tide records from along the Indian coast have also 
shown abrupt rise in sea level with large-amplitude waves 
coinciding with the arrival of the tsunami. In this back-

ground, we have conducted an oceanographic cruise on-board 
ORV Sagar Kanya to investigate the effect of tsunami on the 
ocean environment. 
 Several earlier studies1–11 have described the coastal 
currents and upwelling features in the study area in relation 
to the southwest and northeast monsoons. However, these 
studies deal with more open ocean water characteristics than 
the present study. Circulation along the Indian coastal region 
is regulated by the southwest monsoon and northeast 
monsoon winds and coastal currents1,2,9. However, there is 
not much information available on the oceanographic condi-
tions in the inner-shelf region (coastward from 500 m iso-
bath) during December–January. The present dataset is 
the only one of its kind to investigate the influence of the 
tsunami on the hydrography of this region. Here we present 
the physical oceanographic conditions observed coastward 
of the 500 m isobath immediately after the tsunami event 
in this region. 
 Hydrographic data were collected from Goa to Chennai 
along the coastal regions of peninsular India and the Gulf 
of Mannar from 3 to 15 January 2005 on-board ORV Sagar 
Kanya (Figure 1). A SBE 9/11 Plus CTD fitted with rosette 
water sampler, light scattering sensor (LSS; Wetlabs Inc., 
USA), transmissometer (Wetlabs Inc.) and fluorometer (Chel-
sea, UK) was operated to collect hydrographic data along 
500 m isobath. The CTD salinity values were calibrated 
against salinity values obtained from water samples collec-
ted simultaneously by a rosette sampler and analysed with 
a Guildline 8400 Autosal. Further, TRMM Microwave 
Imager (TMI) of Tropical Rainfall Measuring Mission 
(TRMM)-derived sea surface temperature (SST) and sea 
surface winds were used to examine spatial changes along  
 
 

 
 

Figure 1. Study region with CTD locations. 
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Figure 2. Vertical sections of (a) temperature (°C), (b) salinity (psu) and (c) density (kg m–3) along the southwest section. 

 

the southwest and southeast transect during the period of 
the present in situ observations. Both the products are 
available at a spatial resolution of 0.25 × 0.25° latitude 
grid and downloaded from ftp.ssmi.com. The TMI provides 
wind speed at two microwave channels, namely 11 and 
37 GHz. In the present study, we considered the winds 
measured at 11 GHz due to the surface transparency and 
consistency with the SST channel. 
 Vertical distribution of temperature, salinity and sigma-t 
as well as vertical profiles for LSS, transmissometer and 
fluorometer were prepared to examine the post-tsunami 
oceanographic conditions of southern Arabian Sea and the 
Bay of Bengal. The LSS and transmissometer data were 
collected from the region. Heat content along the southwest 
and southeast coasts was estimated with reference to the 
depth of 20°C isotherm (mid-thermocline depth). The heat 
content is estimated from the following equation: 
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where H is the heat content (J m–2), ρ the density of sea water 
(kg m–3) and Cp the specific heat at constant pressure 
(J kg–1°C–1). ρCp is assumed as a constant (0.409 × 
107 J m–3°C–1) and T  is the depth averaged value of tem-
perature.  
 Data are presented as two sections. First, the southwest 
transect covering measurements between 15 to 5°N along 
the west coast of India and the Gulf of Mannar. Secondly, 
the southeast transect covering measurements between 10 
and 13°N along the east coast of India. 
 Figure 2 a shows the vertical thermal structure along 
the southwest transect. A well-developed warm layer of 
> 28.5°C in the upper 100 m is seen north of 9°N. A relatively 
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Figure 3. Distribution of (a) mixed layer depth, wind speed and sea surface temperature and (b) thermocline depth (D20) and heat content along 
southwest section, and (c) mixed layer depth, wind speed and sea surface temperature and (d) thermocline depth (D20) and heat content along south-
east section. 

 
 
cold-water region exists between 6 and 9°N. The thermocline 
is characterized by closely packed isotherm with larger 
thermal gradients in its upper portion. The penetration of 
high-salinity water (> 36 psu (practical salinity unit)) is 
visible in the upper 100 m in the northern regions of this 
section (Figure 2 b). Though it subducts during its southward 
migration, the core of this high-salinity water mass remains 
around 100 m depth. This high-salinity water mass was 
earlier identified as Arabian Sea High Salinity Water mass 
(ASHSW), which forms in the northern Arabian Sea dur-
ing winter12. A pool of low-salinity waters occupies the 
upper 50 m around 12°N. In the southern region of this 
transect where the surface salinity is low, the water den-

sity appears to follow the pattern of salinity distribution. 
However, below this shallow surface layer, the density 
follows the pattern of temperature (Figure 2 c). The low-
salinity waters observed along this section between 9 and 
12°N are apparently from the Bay of Bengal, driven along 
the coast in to the Arabian Sea by coastally trapped currents9. 
During winter (November–February) both the westward-
flowing north equatorial current between equator and 10°N, 
and the southward-flowing east India coastal current 
(EICC) bring warm and low-salinity waters into the Arabian 
Sea from the Bay of Bengal13. 
 The mixed layer depth (MLD), calculated using the density 
criterion14, along this transect showed a large variation 
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Figure 4. Vertical sections of (a) temperature (°C), (b) salinity (psu) and (c) density (kg m–3) along the southeast section (sts 16 
and 17 are deep stations > 2500 m). 

 

with greater than 50 m at 15°N that shoaled gradually to 
less than 3 m at 10°N (Figure 3 a) and then rapidly increased 
southwards to 68 m at 5°46′N. Variation in wind speed 
along the coast also followed similar trend with moderate 

to low winds (4–2 m s–1) up to 10°N and rapidly strength-
ening to 8 m s–1 in the southernmost region of this transect. 
The measured SST showed an inverse trend with both 
winds and the MLD. The highest SST (29.6°C) around 
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Figure 5. Vertical profiles of LSS (mg l–1), light transmission (V) and chlorophyll (mg m–3) along (a) st. 5, (b) st. 11 and (c) st. 9. 

 
 
10°N was associated with the lowest MLD (3 m) and the 
lowest wind speed (1.84 m s–1) observed along this transect. 
On the contrary, the lowest SST (27.6°C) around 6°N was 
associated with deep MLD (68 m) and relatively high wind 
speed (8 m s–1). The north-south variation of thermocline 

(D20) and heat content with the polynomial fit showed 
that the thermocline depth varied from 150 m at 15°N to 
117 m at 6°N. Heat content variability also showed a similar 
pattern as that of thermocline depth (Figure 3 b). It decreased 
from 15 to 10°N by 308 × 107 J m–2. However, it increased 
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by 132 × 107 J m–2 around 9°N and decreased further 
southwards rapidly. Decrease in the heat content in the 
south appears to be the result of entrainment cooling 
forced by thermocline upwelling in this region. We ob-
served that the heat content of the water column up to D20 
was high (low) in the northern (southern) region along 
this transect. This is in direct contrast with the findings of 
Luis and Kawamura15, who reported that along the southwest 
coast of India, the sea surface loses (gains) heat in the 
northern (southern) region. Upward tilting of (towards north) 
salinity contours noticed in our study along the west coast 
of India can be attributed to the advection of low-salinity 
Bay of Bengal water carried by northward-flowing west 
India coastal current9. This current is found to flow southward 
along the west coast of India during April–September and 
reverse northward during October–March due to an along-
shore density gradient facilitated by the winter cooling in 
the northern Arabian Sea15. 
 The vertical distribution of temperature, salinity and 
density along the southeast transect, between Nagapatti-
nam and Chennai are exhibited in Figure 4. The vertical 
thermal structure shows uniformly well-developed isothermal 
layer in the upper 50 m (Figure 4 a). The thermocline shows 
a marginal slackening towards north with wavy isotherms 
between 12 and 13°N. A gentle downward tilt of the 
thermocline towards north with thermocline spreading 
north of 12°N is evident in the thermal structure. The vertical 
salinity structure shows the presence of a strong halocline 
around 60 m all along the transect (Figure 4 b). The surface 
salinity is typical of the Bay of Bengal, with salinity values 
ranging from 33.0 to 33.7 psu. The freshwater discharged 
at the head of the Bay of Bengal during the southwest 
monsoon season flows southward along the coast by the 
coastal currents during winter period9. The relatively high 
saline waters (33.7 psu) are seen north of Nagapattinam, 
separating two low-salinity pockets in the upper 50 m bet-
ween 10°44′ and 13°06′N. The vertical density structure 
is identical with the vertical structure of temperature de-
spite large variation in salinity in the upper 50 m (Figure 
4 c). A dome-like structure is seen around 12°45′N in the 
vertical structure of temperature, salinity and density as-
sociated with northward spreading of the isolines. 
 However, the aforesaid thermohaline structure along 
the southwest and southeast coasts does not indicate any 
remarkable changes compared to earlier findings9,13 in the 
hydrographic conditions of the present study region which 
experienced the massive impact of the tsunami. Hence it 
can be suggested that the hydrographic conditions of both 
southwest and southeast coasts do not exhibit any major 
changes after 1–2 weeks of the devastating tsunami. 
 Figure 3 c exhibits the north-south variation of MLD, 
wind speed and SST, together with a polynomial fit to the 
data along the southeast transect. The MLD was about 
50 m at the southern region of this transect, but shoaled to 
< 15 m north of Nagapattinam. Further northwards, it rap-
idly increased to about 60 m. Along this coast, the wind speed 

was more or less uniform around 4 m s–1 up to Nagapattinam, 
but rapidly increased to 8 m s–1. D20 and MLD exhibited 
mutually opposite trend. The heat content varied between 
1077 and 1165 × 107 J m–2 and portrayed the same trend 
of D20 (Figure 3 d). The highest value of the heat content 
was associated with deepest thermocline depth and shal-
low MLD observed at station 15 (12°29′N, 80°40′E). 
 During this survey, we have used three optical sensors, 
namely LSS, transmissometer and flourometer to investi-
gate the distribution of suspended matter in the water column 
that might have arisen due to the turbulence generated by 
the tsunami. The aforesaid observations were made up to 5 m 
above the ocean floor for shallow stations (≤ 500 m), whereas 
for deep stations (≥ 1000 m), measurements were restricted 
up to 500 m. Figure 5 a to c shows typical vertical profiles 
of LSS (mg l–1) and light transmission (V) and chlorophyll 
(mg m–3, as measured by the flourometer) for coastal (sts. 5 
and 11) and open waters (st. 9) respectively. Figure 5 a shows 
a shallow layer of high LSS signal (0.14031 mg l–1) be-
tween 20 and 60 m associated with high chlorophyll and 
low light transmission. This layer of high-scattering ob-
viously indicates the subsurface chlorophyll maximum 
which is known to exist in this region during this period16. 
Below 230 m depth, a broad high-scattering layer appears 
(0.199185 mg l–1), which is not associated with bioproductiv-
ity as seen from the chlorophyll profile. As this station is 
in shallow waters, we presume that the high-scattering at 
this depth is caused by particles brought into suspension 
from the sea-floor sediments due to turbulent interaction 
generated by the tsunami. Similar feature can be seen off 
Nagapattinam (st. 11), where the high-scattering layer 
(0.1021 mg l–1) appears below 210 m (Figure 5 b). The 
open ocean profiles at station 9 (Figure 5 c) show a single 
shallow high-scattering layer associated with subsurface 
chlorophyll maximum between 20 and 60 m depth. This sta-
tion represents a typical distribution of light scattering, 
transmission and chlorophyll expected in the oceans. 
Hence the high scattering at depth greater than 200 m, 
depending on the ocean depth, indicates layers of high 
turbidity (suspended matter) forced by turbulent interac-
tion with sea-floor sediments due to the impact of tsunami 
in the coastal waters of India. 
 The tsunami appears to have influenced the coastal wa-
ters as evident from deep turbid layers near the coastal 
regions in southern Bay of Bengal. Thermohaline structure 
at deep stations is relatively unaffected by the tsunami, 
whereas the low-salinity waters concentrated in the southern 
Gulf of Mannar region along the southwest transect are 
carried by the EICC from the Bay of Bengal. Although 
the thermohaline structure appears to be typical of the 
winter season with low-salinity Bay of Bengal waters 
along the Kerala coast and the ASHSW around 100 m 
depth in the southwest section, the thermohaline structure 
along the southeast transect shows uncharacteristically 
cold (< 27°C) and fairly well-developed MLD. A marginal 
downward tilt of thermocline towards north can be observed 
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in the southeast coast. The deep turbid layers observed 
near the coast are attributed to resuspension of the bottom 
sediments due to the tsunami. The present study however 
calls for a long-term monitoring of the ecosystem changes 
caused by the tsunami near the affected coast. 
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Trichoderma taxa associated with green mould disorder 
of edible mushrooms were isolated from both fruit bod-
ies and substrates of Agaricus bisporus, A. bitorquis, 
Calocybe indica, Ganoderma lucidum, Lentinula edodes, 
Pleurotus sajor-caju, and Volvariella volvacea. Emerged 
fruiting bodies in the affected portion of the substrate 
were badly spotted, brownish in colour and reduced in 
both growth rate and yield performance. Microscopic 
examination of cultures revealed significant differences in 
fungal morphology, but were difficult to designate as 
Trichoderma species. The nucleotide sequence compari-
sons of 5.8S rRNA gene using BLAST network facili-
tated molecular identification and genetic cataloguing 
of 18 Trichoderma isolates into two taxa, namely T. 
harzianum and T. virens. RAPD primers exhibited 
both inter- and intra-specific variations among the test 
isolates and separated them into eight distinct phyloge-
netic sub-clades. The present study underlines the po-
tential threat of green mould disorders in cultivated 
mushrooms and validates existence of significant in-
traspecific diversity in isolates of both T. harzianum 
and T. virens. 
 
Keywords: Edible mushrooms, green mould disease, 
molecular identification, Trichoderma. 
 
MUSHROOM cultivation is a controlled biological system, 
which depends upon many biotic and abiotic factors, and 
contamination by several microorganisms during cultivation 
is manifested. Among the biotic factors, fungi both parasitic 
and competitor, are the most important group which are 
generally encountered during cultivation of mushrooms. 
Trichoderma species causing green mould is one of the 
most serious problems in the mushroom industry globally. 
Sinden and Houser1 were the first to recognize Trichoderma 
species as a potentially important pathogen and/or competitor 
that may effect the production of white button mushroom. 
Trichoderma outbreaks have led to a total loss of mushroom 
production in many commercial mushroom farms2. Different 
levels of crop losses ranging from 10 to 80% have been 
reported from various parts of the world3–6. Serious crop 
losses due to Trichoderma species have not only been re-
ported in Agaricus bisporus but also in other commer-
cially cultivated edible mushrooms7–10. 
 Trichoderma species grow rapidly in versatile conditions 
and utilize various kinds of substrates11. Different species 


