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Figure 3. Changes in stomatal resistance 1 control and PEG (25%
w/v in Hoagland solution) treated sunflower seedlings with time.

precedes changes in water potential or stomatal
resistance. Such a value of the rate of action potential
movement is quite encouraging since Bose” obtained
these values falling in the range of 4 to 14 mm s~ for
Mimosa in response to mechanical stimult. In spite of
interesting results, Bose’s work on electrophysiolagy
did not receive due attention.

An early decrease and further increase in stomatal
resistance could be due to a change In membrane
permeability caused by electric potential'®. We have
also found that the stomatal resistance increases by
flowing external electric field through the leaves (data
not shown). The depolarization of the membrane causes
stomatal closure'’.

These events, i.e. changes in electrical potential and
stomatal resistance, occur sequentially and in a time
scale of seconds to minutes. The transmission speed of
electric potential 1s quite high compared to the
transmission speed of a chemical in the phloem'” or that
of ABA, either in the phloem or xylem”. More
importantly, the stomata closed immediately after the
arrival of the action pﬂtential”., We, therefore, conclude
that earliest signal arising from roots under csmotic
stress is action potential and which in turn closes
stomata, In fact, earlier reports have also shown that the
action potential can propagate through plasmodesmata
and is capable of triggering a number of physiological
and biochemical responses'® . In field-grown plants of
wheat with and without irrigation, significant differences
in resting potential were recorded (data not shown)
indicating the possibility of occurrence of this pheno-
menon under natural environment.
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Earlier measurements' of methane emission from rice
paddy fields yielded a low methane budget of around
3 Tg/yr for India, and was reported at IPCC
forums’. This low budget was based on limited data.
An extensive national methane measurement
campaign from Indian paddy fields was launched in
1991, which involved a npumber of scientific
imstitutions and wuniversities with the National
Physical Laboratory (NPL) at Delhi operating as a
nodal agency. The results obtained during this
campaign based on more than 2000 observations,
covering the complete 1991 kharif (monsoon) season
are reported here. The methane emisston rates
ranged between — 020 and 66 mgm ~br. The
irrigated fields (intermitftently flooded) had the
values between — 0.20 and 3.6 mg m™ hr? (seasonal
integrated flux 005 to 2 g m "), water logged
(flooded) fields between 0.04 to 66 mg m™* hr™
(seasonal éntegrated flux lﬂ—ﬁﬂgm"z) and deep
water regimes in the range between 1.10 and
23.3 mg m~ hr! (seasonal integrated flux 14 to

24 g m ). The methane budget from Indian paddies
has been estimated to have an average value of

4.3 Tg yr' and ranges between 2.7 and 6.4 Tg yr .

ASIAN region has about 90% of total world rice
harvested area [147.52 million hectare {mba)} of which
42.2 mha lies in India®. On the basis of extrapolation of
measurements done in Europe and USA, US-EPA
attributed 37.8 Tg CH, yr' to Indian tice paddies,
which was an order of magnitude more than our earher
estimates’ for India. To obtain more reliable CH4 budget
estimate from Indian paddy fields, methane campaign in
1991 (MC91) during the whole khanf (June to
November) paddy cropping season was organized
involving more than 15 organizations.

Static box and gas chromatographic technique' was
used with 1 ppmv methane in nitrogen obtained from
M/s Mathesons Gas Products, USA for calibration as
primary standard. The accuracy and compatibility of
methane concentration values were established inter-
nationally. The methane emission rates at different
locations were found to vary despite having the same
soil, paddy variety, age and water management
practices. Therefore the seasonal integrated flux (SIF) of
methane and its range were worked out for each network
station by taking the daily mean of the flux data and
integrating it over the whole cropping season.
Extrapolations for the gap periods in the cropping
season were made 1o estimale the total SIF. The data
scattered above and below the mean flux were
considered to obtain the maximum and minimum ranges
of SIF for each station. The SIF and iis range so
oblained were used in various paddy cultivation water
regimes for estimating the methane budget for India.

Total paddy harvested area, including multiple
cropping, n different states and unjon lermntones of
India was classified”® under irrigated, rainfed water-
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logged, deep water and upland paddy water regime
categories. The average SIF value of various network
stations in the different paddy water regimes located in a
particular state was applied to estimate the total methane
emission for that state, Methane emission from paddy
fields under various categories from states/union
territories not having any network station was estimated
by applying the mean SIF of the stations located around
that region on the basis of similar agroclimatic
environment particularly rainfall.

Some aspects that need to be emphasized include an
order of magnitude higher emissions from rainfed
waterlogged than from irrigated paddy fields. The range
of SIF from rainfed waterlogged areas was quite large
(Table 1) and may be due to varying hydrological
condittons from place to place not only in different
maximally sustained flooding depths, but in the flooding
duration as well. The total area covering the irrigated
and upland fields was as large as 53% for India and 66%
for the world’, and since this large area essentially did
not play a significant part in the methane budget, any
estimate of total methane emisston without considering
these facts would be unrealistic. The measurements in
irrigated fields without continuous waterlogging were
scarce and wvirtwally limited to those by the present
authors in India. Experiments in China, USA, Spain,
Italy, Japan, Thailand and Philippines were performed
mainly in artificially flooded fields and a standing water
level of a few centimetres was maintained” ™. These,
therefore, represented conditions of what we term here
as ‘rainfed waterlogged’ areas and cannot truly represent
‘irrigated’ areas®. This, in fact, was the difference
between the inventories by the present authors and those
done by others (Figure 1). In Figure 1 the SIF ranges
shown for Nanjing and Beijing {China), and Phahppines
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Table 1. Mecthane budget estimates from indian paddy fields

. S -
e L Ty L L

Cultivation  Imtegrated seasonal methane flux (g m™) Total methane emission (Tg Yr ')
Arcas Regions/States arca (mha) Max, Mean Min, Max Mean Min.
A Ramnfed waterlopged arcas
I Eastern Region
ay West Bengal 2 457 34 £ 10 28 2316 084025 D69 057+015
b) Bihar 2 235 262 22 1914 058005 049 043009
¢) Orissa 2109 1415 12 103 030011 025 021 £006
d) Assam I 590 60+2 45 35+3 095+ 003 D73 056005
¢) N E Siates 0219 60 £ 2 46 3513 013 +0004 010 008 +0.007
Il Southern Regron
a) Andhra Pradesh 1 245
b} Tamil Nadu 0 593 i3£2 11 912 026 £004 021 01712004
¢} Pondicherry 0 025
d) kerala 0017 13 1 9 5+1 0002 + 0 0002 0002 0001100002
¢) Andaman & Nicobar Islands 0012 22 2 ]0 17 12+6 0 002 + 0 001 5002 0.00t4 + 00007
1 Northern Region
Uttar Pradesh 3.174 2612 22 19+ 4 083006 0.70 0601013
IV Western Region
a) Madhya Pradesh
b} Maharashtra 3377 1628 14 i1+4 03541027 0 37 0372014
¢) Guwarat
d} Goa. Daman & Diu 0.275 13+1 9 S+1 00360003 003 0014+0003
¢) Dadar Nagar Haveli
Total 17.328 417+0 82 3 67 301+067
B Deep water areas 2.434 242 19 1411 058 +0.046 0 46 03420 025
C Imgaled areas 16 497 2X06 0.74 006+001 0335+04078 Q122 0061 0007
P Upland areas 5973 Negligible Neghgtble
Grand total 42.232 54+10 43 3407

from Indian paddy fields came out to be between 2.7

were calculated by multiplying minimum and maximum
and 6.4 Tg yr ! with a mean of 4.3 Tg yr !,

ranges of methane emission per day by 30 days®. The
difference was pot in the flux rates between those
obtained by us and by others but in the application of
these fluxes to the appropriate area for the various
paddy water regimes. The other aspect contributing to ,
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the varying budget estimate concerned the choice of the
number of vegetation days from 120 to 150 considered
by others” ! in calculation of budget estimates. In India
the vegetation days ranged from 73 1o 130 days of which
rainfed flooding days would be fewer resulting in less
emission days for the methane flux from paddy fields.
We had, therefore, concentrated on integrated flux rates
(SIF) rather than on daily mean flux rate multiplied by
number of vegetation days.

With these considerations, the methane budget was
worked out for different argas as given in Table 1. It
was found that 94% of total emission was from rainfed
waterlogged category and 6% of the emission from
irrigated paddy water regimes. The methane emission
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Seeds of two wild relatives of sweet potato, Ipomoca
trifida  and 1. amanicola, introduced from Peru
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germinated only in vitro in MS medium. Whereas the
growth and establishment of plantlets of L amnicola
could be achieved on MS itsell, L trifida required
1-naphthaleneacetic acid (NAA) in the medium. Irn

vitro derived plantlets were successfully established
in soil in pots.

UTILIZATION of wild species for improvement of sweet
potato has been well explained’. Development of
nematode-resistant varieties of sweet potato ‘Minari-
yutaka‘?' and ‘Okiyutaka”’ using the wild relative
({[pomoea trifida or K 123-11) has further proved the
potential of the wild relatives in sweet potato breeding.
I trifida, which occurs as different cytotypes, is
considered most closely related to sweet potato. Use of
these cytotypes in sweet potato breeding by ploidy level
manipulation has been reported®’. Introduction and
establishment of the wild relatives therefore assume
importance. We report the results of our studies on sced
germination and establishment of two wild species, 1
(rifida and 1. amnicola.

Ten seeds of each species obtained from the
International Potato Center (CIP), Lima, Peru, and kept
stored at -20°C for 48 weeks were treated with
concentrated HySOy4 for 1 h. After thorough washing in
tap water six seeds of each species were transferred onto
moist blotting paper in petri dishes and maintained at
28 £2°C. The remaining four seeds were surface-
sterilized in 0.1% mercuric chlonde for 7 min and
culfured on Murashige and Skoog (MS) medium®
containing B-vitamins and 3% sucrose. The cultures
were maintained at 25 £ 2°C under 8 h photoperiod
(irradiance 30 UE m™s~!'). The resulting plantlets were
transplanted into soil + sand mixture (1:1) in pots and
were maintained for 4-5 weeks under diffuse sunlight,
28 +2°C, 70-75% RH, and were subsequently
transferred to open field and watered periodically.

None of the seeds germinated on the moist blotting
paper in the petri dishes; on MS two of the four seeds of
each species germinated within a week. In vitro seed
germination of I. amnicola was similar to that reported
for sweet putato‘?. Shoot development was faster in 7.
amnicola than in I ¢rifida. The primary shoots which
developed in 4 weeks from seed culture were multiplied
by single node cuttings (4-5 mm long) and transferred
to MS control medium and MS + NAA (I uM and
2 pM). I trifida needed NAA in the medium for root
production, whereas I. amnicola rooted on MS itself
(Table 1). On MS, axillary shoots developed in L
amnicola only. 1n I trifida, although axillary shoots
developed after transfer to fresh MS, they senesced.
Transfer of such cultures to MS + NAA rasulted in root
formation as well as further development of the axillary
shoots. Thus, 1. trifida cultures needed NAA  for
formation of planticts. Of the two concentrations of
NAA tested, vigorous plantlet growth occurred on
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