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also it is not considered a requirement
for the onset of LIPs, though rifting can
increase melting rate appreciably apart
from magma generated through litho-
spheric thinning caused by the plume
head’. Further, current geodynamic, geo-
chemical and isotopic data are inconsis-
tent with models invoking pre-Deccan
rifting and separation (plate break-up and
separation) of Seychelles—Mascarene mi-
crocontinent from India, which post-date
the main flood basalt volcanism —and
this post-eruptive rifting is confirmed by
the presence of extensive parallel dyke
swarms along the coast cutting the upper
part of the Deccan succession®.

The debate for and against the plume
hypothesis appears unending. Presently,
for every argument upholding the hy-
pothesis, a counter argument is advanced
rejecting the contention and a consensus
appears elusive. Major objections to the
plume hypothesis are that the postulate is
flexible regarding its source, width, mode
of eruption and its duration, its shape and
structure, fixity, longevity and geochem-
istry”. It emerges from the prolonged
plume debate that intraplate volcanism,

undoubtedly, can arise through a number
of routes besides plumes and hence the
plume concept possibly cannot be totally
ignored. As described by a pro-plume
scientist!, ‘because a mature physical
theory of plumes developed rather slowly
over two decades, plumes have been in-
voked perhaps excessively by some en-
thusiasts, while skeptics complained not
without justification, that plumes were
ill-defined concept that could neither be
tested nor well justified’. Far from it,
‘plume hypothesis is relevant enough to
observations and supporting knowledge
to be a fruitful one to pursue further’.

1. Wilson, J. T., Can. J. Phys., 1963, 41,
863-870.

2. Anderson, D. L., Chin. Sci. Bull., 2004,
49, 2017-2021.

3. Foulger, G. R., Chin. Sci. Bull., 2005, 50,
1555-1580; http://www.mantleplume.org/
plumeornot, 2004.

4. Davies, G. F., Chin. Sci. Bull., 2005, 50,
1541-1544.

5. Griffiths, R. W. and Campbell, I. H.,
Earth Planet. Sci. Lett., 1990, 99, 66—
78.

6. Campbell, I. H., Chem. Geol., 2007, 241,
153-176.

7. Saunders, A. D., Jones, S. M., Morgan,
L. A., Pierce, K. L., Widdowson, M. and
Xu, Y. G., Chem. Geol., 2007, 241, 282—
318.

8. Sheth, H. C., Geol. Soc. Am. Spl. Paper,
2005, 388, 477-501.

9. Sheth, H. C., Gondwana Res., 2005, 8,
109-127.

10. Nolet, G., Allen, R. and Zhao, D., 2007,
Chem. Geol., 241, 248-263.

11. Lei, J. and Zhao, D., Earth Planet. Sci.
Lett., 2006, 241, 438-453.

12. Zhao, D., Gondwana Res., 2007, 12,
335-355.

13. Anderson, D. L., 2007; http://mantle
plumes.org/tomographyvProblems.html

14. Koppers, A. A. P. and Staudigel, H., Sci-
ence, 2005, 307, 904-907.

15. Farnetani, C. G. and Samuel, H., Geo-
phys. Res. Lett., 2005, 32, LO7311.

16. Hirano, N. et al., Science, 2006, 313,
1426-1428.

A. V. Sankaran lives at No. 10, P&T
Colony, I Cross, II Block, R. T. Nagar,
Bangalore 560 032, India.

e-mail: av.sankaran@gmail.com

OPINION

Methane emission, rice production and food security

S. Seshadri

The three major greenhouse gases (GHGs) —
carbon dioxide (CO,), methane (CH,)
and nitrous oxide (N,0O) — have significant
fluxes from agro-ecosystems. Methane is
the second most important GHG after
CO,. Its concentration in the atmosphere
has more than doubled over the last 200
years, and in particular has increased by
about 50% in the last 40 years. Irrigated
rice production, a major food source for
a large portion of the world’s population,
has been reported to be a major anthropo-
genic source of methane’. Global emis-
sion estimates for this source range from
20 to 100 Tg yr ', which may be 4-30%
of the total anthropogenic contribution to
the atmosphere, making it one of the
sources with the largest uncertainty?.
Rice-field soils, characterized by water-
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logging, O, depletion, high moisture and
relatively high organic substrate levels,
offer an ideal environment for the activ-
ity of methanogenic bacteria®,

Now methane has been designated as
the climate culprit. According to Reiner
Wassmann, coordinator of the Rice and
Climate Change Consortium at Interna-
tional Rice Research Institute, Philip-
pines, rice is the only crop that emits such
a large amount of GHGs. There is also a
stress that Asian countries have to look
at rice production to reduce GHG. The
recently concluded Intergovernmental
Panel on Climate Change (IPCC) summit
has also recommended improved rice
cultivation techniques, and livestock and
manure management to reduce CH, emis-
sions®. It is explicit that rice and live-

stock are targetted for CH; emission
reduction. It is high time that rice culti-
vation is looked into as an important ac-
tivity that is not related to food security
but as the global climate change agent.
Globally rice production has been es-
timated to double by the year 2020 in
order to meet the demand of an increasing
population, which may increase methane
production® by up to 50%. India should
also increase food production by 5 mil-
lion tonnes per year to keep pace with this
increasing population and to ensure food
security. India has recently indicated that
it would reject proposals to limit GHG
emissions because stricter limits would
slow its booming economy and have se-
rious implications for poverty alleviation
programmes. These observations could
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change the projected GHG production
figures of India and may have serious
implications in the coming days for In-
dian agriculture and its participation in
global climate change programmes. There
is a possibility that India might be forced
to expand its cultivable area or convert
rainfed areas in the form of wet agricul-
tural lands through construction of dams
and/or interlinking of rivers, etc.

In this context, discussing the above
based on the following questions will al-
low us to draw a clear mandate for future
climate change, rice promotion, GHG
mitigation and India’s participation in
climate change programmes. (a) Is the
availability of organic carbon content in
soils the only reason for enhanced meth-
ane production? If so, what is the water to
organic matter ratio required for the hyper
production of methane or to keep the
production at optimum levels? In such
cases, is it possible for us to create such
conditions in natural environment? (b)
Do we have technologies to mitigate/
quench methane production or capture in
rice fields/wetlands through some other
means? (c) What role does the soil carbon
play in an agricultural system apart from
plant promotion and acting as a substrate
for methanogens to produce methane? (d)
If the paddy fields are culprits, what will
be the case of shallow/stagnated water
bodies and those with higher organic car-
bon content? (e) Of late, there is greater

momentum of organic cultivation of food-
grains. They seem to fetch good profit
for farmers even in wetland areas. Will
methane mitigation have any implication
on organic cultivation? (f) It has been re-
ported® that fertilizer application may lead
to a reduction of methane emission from
wetland rice fields to the tune of 57%.
This is new and supplements the earlier
impression that considerable methane
produced by methanogens in rice paddies
is consumed by methane-oxidizing bacte-
ria associated with the roots of rice®,
Will this have any impact on the global
organic agricultural movement or do we
need to stay with chemical fertilizer ap-
plication in the agricultural fields? (g) In
such cases, is it necessary to have a re-
look at soil pollution and the subsequent
water pollution due to fertilizer applica-
tion and soil quality management related
to GHGs? (h) Considering the vulnera-
bility, is it good to encourage organic
cultivation of rice in lowland areas? (i)
Will there be a moratorium on cultivation
of rice also, if our GHG emission crosses
the limit through these so-called water
bodies and rice fields? (j) Will India be
forced to pay for the GHG credit for pol-
lution in the international market? In
such a situation, would our farming com-
munity be forced to shoulder the burden?

Considering all the above, it is time for
us to start discussions in this direction at
the policy level to protect rice farming,

farmers and sustained food security in
India. As rice is the staple food for people
living in Asia, especially in India, this
needs urgent attention to solve a crisis
that may arise in future as a result of the
GHG mitigation measures of IPCC. I be-
lieve a strong follow-up action at policy,
scientific and implementation levels after
a series of debates on the above would
help devise best remedial measures and
possible alternatives to have a foolproof
food security programme in India and
Asia to feed the population without much
difficulty.

1. Olszyk, D. M., Centeno, H. G. S., Ziska, L.
H., Kern, J. S. and Matthews, R. B., Agric.
For. Meteorol., 1999, 97, 87-101.

2. Huang, Y., Sass, R. L. and Fisher Jr, F. M.,
Global Change Biol., 1997, 3, 491-500.

3. Matthews, R. B., Wassmann, R. and Arah,
J., Nutr. Cycl. Agroecosys., 2000, 58, 141—
159.

4. Fourth Assessment Report, Intergovern-
mental Panel on Climate Change (IPCC),
http://www.ipcc.ch

5. Bodelier, P. L. E., Roslev, P., Henckel, T.
and Frenzel, P., Nature, 2000, 403, 421-424.

6. Bosse, U. and Frenzel, P., Appl. Environ.
Microbiol., 1997, 63, 1199-1207.

S. Seshadri is in the Shri AMM Muru-
gappa Chettiar Research Center, Tara-
mani, Chennai 600 113, India.

e-mail: tsseshadri@rediffmail.com

Biotechnological intervention in jatropha for biodiesel production

Padma Nambisan

Energy demand in India is increasing at
the rate of 6% annually compared to 2%
for many other countries. Currently, im-
ported petroleum crude supplies about
70% of the energy requirement. Vegetable
oils, fats and their derivatives have been
proposed as an alternate renewable and
eco-friendly energy source. As India im-
ports more than 40% of its edible oil re-
quirement, it has to depend on non-edible
oils for biodiesel. Various non-edible tree-
borne oils such as neem, mahua, jatropha
and pongamia, are available in the coun-
try. However, oil yields are insufficient
to meet the demand.

Biotechnology could contribute to yield
improvement strategies in the following
ways:

1. Improving seed yield

Mapping genes and breeding: Genetic
analysis in species with a view to iden-
tify quantitative trait loci (QTLs) for use-
ful characters inherited in a multigenic
fashion is now possible even without
prior information of allelic differences be-
cause of the development of molecular
techniques such as RAPD and AFLP,
which directly detect variation at the DNA
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level rather than at the phenotypic level.
To begin with, an elite mapping popula-
tion with the desirable characteristics
that breeds true would have to be estab-
lished in jatropha. Information from the
elite mapping population data could then
be used to rapidly screen germplasm of
jatropha to identify DNA markers or ma-
jor QTLs associated with high yield and
the same could be used in marker assisted
selection (MAS) breeding strategies to
jumpstart genetic improvement of jatro-
pha for yield characteristics.

Interspecific and intergeneric crosses:
It is possible that variation within a spe-
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