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prerequisite conditions. The higher durations of 29 ka
(5,-S,), 24 ka (5,-S,) and 26 ka in the fluvial part of
the section may be due to periodic non-deposition and
at places due to erosion. Ideally, 1t would have been
desirable to obtain ages on all eight seismites, but as
indicated above, logistical problems restricted collection
of only four seismite samples.

The present study provided luminescence chronology
to four soft sediment deformation structures designated
as seismites based on their lateral extension of defor-
mation and similarity to other known occurrences of
earthquake-induced deformation structures in soft sedi-
ments. The chronology of seismiutes S,, S, S, S, are
00, 61, 37 and 26 ka respectively, indicating that S
and S, are significantly older than 90 ka, whereas the
younger episodes would post-date 26 ka. This indicates
that the Kaurik—Chango Fault and related seismicity has
been active at least since the late Pleistocene.
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Tectonic settings of Indo-Gangetic basin
revealed from magnetotelluric data
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The Indo-Gangetic basin is one of the vast sedimentary
basins of India. The knowledge of the subsurface
tectonic structure of the basin and shield regions Is
important in understanding the dynamics of the litho-
sphere and for the knowledge of its hidden resources.
Magnetotelluric (MT) data have been collected at 18
locations along two profiles north-south — Nepal
horder to Kanpur and cast-west — Varanasi to Agra.
MT paramecters have been analysed at these locations.
The pscudo-resistivity and phase plots have revealed
resistivity structure and tectonic scttings of the basin.
The extension of the shicld beneath the Indo-Gangctic
basin has also been inferred from the MT data.

Invo-Gangetic basin has an  extensive coverage of
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25,000 km? lying between Peninsular shield and Hima-
layan region (Figure 1). The region lies between the
Himalayan mountains on northern side and Indian
Peninsular shield on the southern side. The depression
of the Indo-Gangetic plains is foredeep. In the north,
this region is bounded by the Siwalik hills and 1n the
south by the Bundelkhand granites/gneisses and Vindhyan
sandstones. The Indo-Gangetic basin constitutes an asym-
metrical prism of sediments with an axis of maximum
deposition very close to the present foothills'. The basin
continues to be a tectonic enigma despite its outward
simplicity as a vast alluvial plain. Burrard® interpreted
it as a rift filled with alluvium to a depth of nearly
16 km and as a trough at the advancing edge of the
steeply subducting Indian plate. e further suggested
on the basis of the geodetic observations that the
Himalayan folds were the result of under thrusting of
the Indian sub-crust below the land mass ot the central
Asia. Burrard believed that this observation explained
mass deficiency of the Indo-Gangeric and Himalayan
reion,
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The gravity and aeromagnetic measurements have been
carried out in detail in the Indo-Gangetic basin®'". On
the basis of gravity and aeromagnetic data, the Indo-
Gangetic basin has been divided into four different parts
separated by basement. The basement high is the Bun-
delkhand-Faizabad ridge, which is found to be tectoni-
cally and seismologically inactive’. A number of traverse
folds of mesoscopic and macroscopic dimensions have
been mapped which are superposed on earlier folds of
normal Himalayan trend and are parallel to great hidden
ridge in the basement of the Indo-Gangetic plains.
Surface wave data have been used to decipher a shield
like upper mantle structure with thick sedimentary
fills'!-2,

Efforts have been made to map the deeper structure
of the Indo-Gangetic basin using various geophysical
methods. The well-known seismic method which 1is
commonly used for mapping deeper structure has not
been used widely in the Indo-Gangetic basin due to
high population. Recently, we have carried out magneto-
telluric (MT) field work in the basin along two profiles
AA’ from Kanpur to Nepal border and BB’ from Varanasi
to Agra. The details about the MT equipment, data
acquisition and data analysis have been given in detail
by Singh et al."'". The locations of the MT soundings
are shown in Figure 1. The deeper electrical resistivity
structure has been mapped”. In the present communi-
cation, MT data have been analysed to study the sub-
surface geological settings of the basin. Singh et al.”
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Figure 1. Location of magnetotelluric recording stations.
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found that the H-polarization MT data is affected by
the distortion due to the sediments in the Indo-Gangetic
basin and also due to the Himalayan range. Berdichevskiy
and Dmitriev'’ reported that the determinant apparent
resistivity and phase data are good indicators of average
structure in two measurement directions. In view of the
distortion of H-polarization apparent resistivity and phase
data, we have analysed determinant apparent and phase
data and have deduced the subsurface configuration
beneath the Indo-Gangetic basin.

Figures 2 a, b show the pseudo-resistivity and phase
plots from determinant data along profile Kanpur—Nepal
border. The pseudo-resistivity plot (Figure 2 a) shows
the presence of low-resistivity layer near the surface in
Kanpur followed by high-resistivity layer. This high-
resistivity layer corresponds to massive Bundelkhand
Granite (represented by higher values of apparent resis-
tivity contours) which i1s exposed near Jhansi. The
apparent resistivity contours clearly show that the layers
are dipping towards north and the Bundelkhand Granite
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Figure 2. (a), Pscudo-resistivity plot and {(b) pscudo-phase plot along
profile Kanpur—Nepal border.
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Figure 3. (a), Pseudo-resistivity plot and (&) pseudo-phase plot along
Agra-Varanasi.

(represented by higher values of apparent resistivity
contours) underlie the Indo-Gangetic basin up to stations
4 in north along Kanpur—Nepal border (profile AA"),
which confirms the extension of the shield beneath the
Indo-Gangetic basin. This is also supported by the
pseudo-phase plot. The low phase values correspond to
high-resistivity formations whereas higher phase values
correspond to conductive formation. It 1s seen that
beneath massive granite formation (represented by the
phase value contours of 50-6(} degrees contours) presence
of higher conducting formation (represented by phase
value contours of more than 60 degrees) is clearly seen.
At the extreme north of the profile, beneath locations
7 and 6, presence of high conducting formation is scen
which corresponds to low apparent resistivity of 10
ohm-m (Figure 2a) and high phase value contour of
70 degree. The apparent resistivity and phuase contours
at low frequencies clearly show that the layers are
dipping towards north, which confirms the northward
dipping of Indian crust.
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Figures 3 a, b show the pseudo-resistivity and phase
plots along profile Agra to Varanasi. The higher apparent
resistivity contours are seen from location 1 (Kanpur)
to Varanasi which show the presence of higher resistivity
formation corresponding to either extension of massive
Bundelkhand Granite and/or extension of Vindhyan
Formation beneath the Indo-Gangetic basin. The pseudo-
apparent resistivity plot shows up warping of the base-
ment which is also supported from aeromagnetic data®.
Near locations 14 and 1, the pseudo-apparent resistivity
plot shows the contact of low and high resistivity
formations. It is seen that beneath Agra to Kanpur
(beneath locations 17-14) near the surface of the earth
the formation i1s conducting followed by high resistivity
formation. At deeper level, the extension of Bundelkhand
Granite is seen. The pseudo-resistivity plots show the
high resistivity formations even up to very low frequen-
cies. In pseudo-phase plots this formation is reflected
by very high frequencies. The presence of low resistive
formation beneath high resistivity formation below sta-
tions 16 and 17, is reflected by higher phase values at
lower frequencies (Figures 3 b). The western extension
of Bundelkhand Granite beneath the Indo-Gangetic basin
is seen up to location between station numbers 16 and
17 (Figure 3 b).

The present study shows the tectonic settings of the
Indo-Gangetic basin along two profiles. The pseudo-
resistivity and phase contours confirm the extension of
Bundelkhand Granite beneath the Indo-Gangetic basin.
It is also found that the upper crust is dipping northward.
The pseudo-resistivity and phase plots along east-west
(Varanasi—Agra) profile show the contact point of hard

~and soft rock formations near Kanpur and extension of

hard rock formation up to Varanasi in east and up to
a station 17 in the west. This may be attributed to
either extension of Bundelkhand Granite up to Varanasi
or Vindhyan Formation from south beneath locations
11-9 (Allahabad—Varanasi). The apparent resistivity and
phase values do not show any discontinuity in the
contours, therefore it is concluded that the Bundelkhand
Granite, which is identified as Faizabad nidge, extends
up to Varanasi and beyond in the east and up to near
Agra in the west. In the light of present study, the
boundary of the Bundelkhand Granite is shown by the
dotted line showing its extension up to Varanasi (Figure
1). Further, MT studies beyond Varanasi should be taken
up to delineate the exact boundary of massive granitic
formation.
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Interaction of Bacillus thuringiensis

with Pythium ultimum and Fusarium
oxysporum f. sp. lycopersici: Possible
role in biological control
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University, Shebin E1-KOM, Egypt
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Bacillus thuringiensis (Bt) suppressed the growth of
Pythium ultimum and Fusarium oxysporum f.sp. ly-
copersci and lysed the mycelium. Scanning electron
micrographs showed the attachment of Bt cells to
the hyphae of host pathogens. Bt cells attached to
hyphae of P. ultimum polarly and externally, causing
its deformation and lysis. In case of F. oxysporum
f. sp. Iycopersici, the attachment was random and at
a few places Bt cells entered the hyphae and caused
lysis.

In the search for new eco-friendly approaches to pest
and pathogen management, use of biological control
agents has been much studied. Researches on biological
control of soil-borne plant pathogens have been making
great stnides since the first symposium ‘Ecology of
soil-borne plant pathogens — Prelude to biological con-
trol’’.

Bacillus thuringiensis, which is unique in the bacterial
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world because of production of many chemical com-
pounds designed for use in controlling economically and
biomedically important insects, is being tested against
fungal pathogens’. A nematode fungal disease complex
of tomato was reported to be controlled by dipping
seedlings in the suspension of B. thuringiensis®. Some
bacteria like Enterobacter cloacae protect the plants
against Pythium pre-emergence damping off caused by
P. ultimum by binding to fungal hyphae®. However, the
mechanism by which B. thuringiensis protects the
plants/seedlings from soil-borne fungal pathogens is
unknown. Therefore, a study was undertaken to inves-
tigate interaction between B. thuringiensis and P. ultimum
and Fusarium oxysporum f. sp. lycopersici, causing wilt-
ing of seedlings of various crops®, which could be
utilized as a potential biocontrol agent.

A strain of B. thuringiensis obtained from Division
of Entomology, Indian Agricultural Research Institute,
New Delhi, was maintained on nutrient agar medium
for the present studies.

Cultures of P. ultimum and F. oxysporum f. sp. lyco-
persici were isolated from soil by the dilution plate
method and maintained on potato dextrose agar (PDA)
slants. The cultures were identified by Indian Type

Culture Collection (ITCC), New Delhi.

Potato dextrose agar plated petri plates were seeded
at four corners with actively growing mycelial disc of
P. ultimum and F. oxysporum f. sp. lycopersici. A loopful
of 24 h growth of B. thuringiensis was seeded in the
centre of each petri plate. The inoculated plates were
incubated at 25°C for 4 days and mycelium from the
interaction zone was processed for scanning electron
MICroscopy.

The procedure given by Weidenborner et al® was
followed. Agar discs of 1 mm thickness were cut off
trom interaction zone and placed on cover glasses which
were exposed to 2% osmium tetroxide for 24 h at 20°C.
The samples were transferred to copper stubs over double
adhesive tape, coated with gold in JEOL, JFC-1100E
sputter coater and scanned in a SEM (JEOL-JSM 5200)
at 25 kV and micrographs were taken.

In dual culture, the growth of P. ultimum and F.
oxysporum {.sp. [ycopersici was suppressed and myce-
lium was seen lysed. In case of P. ultimum, a narrow
inhibition zone was also observed (Figure 1), while
no clear inhibition zone was seen in F. oxysporum f.
sp. lycopersici (Figure 1 b).

Scanning electron micrographs of the paired culture
of F. oxysporum t.sp. lycopersici and B. thuringiensis
showed attachment of around 9-10 bacterial cells to the
hyphae of the fungal pathogen. The bacterial cells were
attached more or less over the hyphal surface and at
the site of attachment the hyphae were lysed (Figure
2a,b). At a few places, bacterial cells seemed entering
the mycelium as cracks in the wall were observed at
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