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the core site which is enriched in chlorite, smectite, 1llite
and kaolinite in diminishing order (Figure 3). Based
upon the above observations, we propose that the sedi-
ment supply to the eastern Bay of Bengal, close to
Burma and the eastern Andaman sea, was domimantly
from the east (NE Himalayas, northern Burma and
Andaman region) rather than {rom north (Ganga-
Brahmaputra system). The abundance of smectite in
these sediments, a characterstic product of volcanic
rocks. source of which lies in proximity (the Burmese
arc and Andaman Islands) further gives credence to
our proposition of proximity of the source.

The silt contents at 60-65 cm and reappearance of
heavy minerals at 40 ¢cm {at 14 and 10ky™') may be
related to the oscillating sea level still stands during this
time23-31, As the content of the clay size component is
uniformly high in Holocene section, we interpret an en-
hanced humid phase associated with stronger monsoon
and rapid sea level rise, resulting in a landward
recession of sources after Younger Dryas, and corres-
ponding reduction in the gravity-induced sedimentation
to the depositional basin.

In conclusion, (i) significant variations exist in the
intensity of the monsoon since Late Pleistocene and at
least two dominant arid phases at Pleistocene—Holo-
cene boundary and LGM are identified. During
Holocene, the intensity of monsoon was stronger over
NE India, part of Burma and Andaman Islands, and (1)
the terrigenous input to the eastern Bay of Bengal 1s
dominantly from NE Himalayas, Andamans and
Burma.
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Plant regeneration from internode
segments of Cucurbita maxima Duch.
x Cucurbita moschata Duch.

S. M. Rahman, M. Hossain, R. Islam and O. L. Joarder
Department of Botany, University of Rajshahi, Rajshahi, Bangladesh

High frequency shoot formation from internode explants
of a hybrid (Cucerbita maxima x C. moschata) squash
was achieved on Murashige and Skoog’s medum.
Explanted internodal sections were induced to develop
multiple shoots through direct regeneration without
intervening callus phase. Maximum frequency of shoot
bud formation was obtained when MS medium was
supplemented with 4.4 xM BA and 0.54 uM NAA. Only
one subculture of shoot bud producing explants to the
same nutrient combination was required for development
of shoots from shoot buds. Rooting of in vitro regenerated

shoots was obtained in half strength MS medium with
0.54 uM NAA,

DIFFERENTIATION leading to the formation of plantlet in
tissue cultures derived from plants of many families has
been reported. The plants of Cucurbitaceae provide a
major portion of vegetables and they need to be
investigated for maximum utilization. In Cucurbita
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pepo’, watermelon? and cucumber®” 3, plantlet forma-
tion from in vitro-grown tissues has been reported. A
hybrid between Cucurbita maxima % Cucurbita moschata
1s an economically important crop among the vegetable
species that is now becoming popular in Bangladesh.
There have been no reports showing plant regeneration
of this hybrid squash. The present work describes a
technique that allows the production of multiple shoots
from seedling-derived internode explants of C. maxima
%X C. moschata.

Internodal segments (45 mm in length) were excised
from 4-week-old aseptically grown seedlings and
cultured on MS medium?® containing 0.54~4.4 uM of 6-
benzyladenine (BA), 2,4-dichlorophenoxyacetic acid
(2,4-D) and «-naphthaleneacetic acid (NAA). Growth
regulators were used either individually or in certain
combinations. The cffects of casein hydrolysate (CH 100
mg 1™ 1) and coconut milk (CM 15%) on adventitious
bud initiation were tested by adding them separately.

Morphogenic response of the explants was recorded

after four weeks of culture. For shoot differentiation,
the explants that developed shoot buds were subcultured
in the same nutrient medium after five weeks of incuba-
tion on primary culture medium. Proliferated calluses
from two preculture media were also subcultured (o see
their regenerating ability. The number of adventitious
shoots per explant was recorded after four weeks of
subculture. In vitro raised shoots were rooted in hali-
strength MS medium supplemented with 0.54 uM NAA.
The pH of the medium was adjusted to 5.8 before
sterilization; media were solidified with 0.7% Difco

bacto-agar. The explants were cultured singly m
150 x 25 mm culture tubes each containing 25 ml of
culture medium fitted with cotton plugs and maintained
at 25+ 2° C under fluorescent light of about 50 yEm ™2
s~ ! for 16 h per day.

Three kinds of response from explanted internodal
tissues were noticed: formation of callus, root or shoot
bud formation. In most of the treatment combinations
the explants underwent callogenesis. More than 70%
explants produced callus in 2,4-D containing media
and maximum frequency was observed when CM was
added (Table 1). The calluses in these media were trans-
lucent to opaque in appearance and milky white to
yellow or yellow green in colour and appeared as
loosely packed friable regions of vacuolated cells that
produced more callus and sometimes roots. The surface
of the callus was often shiny. NAA singly or in
combination with BA also produced callus but at lower
frequency. The calluses produced in NAA containing
media were compact and light green in colour.
Generally it was observed that 2,4-D or NAA in
combination with BA yielded more callus.

The explants underwent rhizogenesis mostly in NAA-
supplemented media and maximum rooting frequency
was observed when NAA was used alone (Table 1).
Shoot bud differentiation occurred only in two
combinations, 4.4 uM BA+0.54 uM NAA (Figure 1a)
and 4.4 uM BA +0.54 uM NAA +15% CM. The shoot
buds appeared after two weeks of culture and oozed
out on the entire surface of the explants as knob-like
structures, loosely arranged side by side. Maximum

Table 1. FEffects of different growth regulators on morphogenetic response of internode
explants (20 replicates/tredtment)

Shoot

Callus- Root-  Callus- and bud- No. of

inducing  inducing root-inducing inducing  shoot
Growth Other explants  explants explants exptants buds per
regulator (uM) addenda® (%) (%) (Vo) (%o) explant
4.4 uM NAA — 20 60 10 - -
4.4 uM NAA CH 20 50 5 — -
44 uM NAA CM 30 95 5 — -
44 uM 2 4-D - 75 - 10 - -
44 uM 2,4-D CH 70 i0 10 - —
44 M 2,4-D CM 85 - - - -
4.4 uM BA - - - - - -
4.4 uM BA CH 10 15 10 - -
44 uM BA CM 40 - — -~ -
44 uM BA+
0.54 uM NAA -~ 15 - 10 55 42
44 uM BA T+
0.54 uM NAA CH 20 30 20 - -
44 uM BA Y
0.54 uM NAA CM 40 — - 25 3O
44 uM BA+
054 uM 2,4-D — &0 — — - -
44 uM BA+
0.54 uM 2,4-D CH 75 10 - - -
44 BA+
054 kM 2,4-D CM 85 - - - =

____—________—————-m—__'—“'—w

8CH, 100 mg 11 CM, 15%.
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Table 2. Response of shoot buds after subculturning the internode explants

Average Average
Preculture and number of number of
subculture shoots per rootable shoots
Explant type media (M) explant per explant
Shoot bud-formmg 4.4 uM BA+054 uM NAA 31 21
caplants 44 uM BA+054 puM NAA+CM 17 3]
Callus 44 yM BA+054 M 2,4-D — —

44 M BA+054 M 24-D+CM — -

Figure I. Organogenesis from internode explants of C. maxima = C,
moschate. 8. Development of adventitious shoot buds on nternode
explant in MS medium contairung 4.4 uM BA +0.54 p4M NAA, after two
weeks of culture. b, Development of adventitious shoots from shoot
buds in MS medium contammng 4.4 uM A +0.54 uM NAA, after two
weeks of subculture, ¢, Development of roots from the base of excised

shoot on half-strength MS medium containing 0.54 uM NAA, after
four weeks of culture.

diameter of these knob-like structures was 0.5 mm.
There were at least 25-50 such structures on every
explant. Later, morphologically significant changes
were observed after four weeks of culture. At this stage
the shoot bud was recognizable as a monopolar
structure developing procambial strands that established a
connection with the preexisting vascular tissues disper-
sed within the cultured explants.

After subculturing in the same nutnent medium,
most of the shoot buds developed into shoots (Table 2
and Figure 1 b). Presence of CM in the medium was not
helpful for shoot bud differentiation. Number of shoots
per explant decreased considerably with CM and the
presence of CH was completely inhibitory. Similar
growth regulator combinations were found to stimulate
adventitious bud formation and shoot regeneration
through organogenesis from cotyledonary explants of
watermelon’ ~°. However, only cytokinin (kinetin or 2-
isopentenylddenine) was highly effective for maximum
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frequency of shoot bud differentiation in cucumber®. In
Momordica charantia, NAA tadenine and in Cucumis
melo, indolebutyric acid4+BA were responsive for
developing shoot buds on cotyledonary explants'®. The
calluses developed from two preculture media failed to
show any organogenesis cven after 5 weeks of
subculture.

Root tmtiation was observed wijthin two wecks of
culture (Figore 1¢). Rooting was also observed in auxin-
free medium but roots produced were weak, number of
roots per cutting was lower and time for root initiation
was longer. Root induction with NAA has also been
reported in watermelon®. The results of the present
experiments present a reproducible and efficient plant
regeneration system through direct organogenesis from
internode explants of C. maxima x C. moschata. The
systern comprised three culture steps, i.e. direct multiple
shoot induction without callus formation, shoot elonga-
tion and root induction. The method presented here
will facilitate rapid clonal propagation of this economi-
cally important vegetable crop and is potentially useful
in the transformation via Agrobacterium tumefaciens.
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