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voltage pulse to the top plate. More precisely, it is not
possible to keep stable electron signals for long time
above these rectangular bare electrodes. For this, the bulk
liquid helium thickness should be higher than the gap
between these electrodes, as illustrated in Figure 2. Only
then the charged helium surface will be stable for longer
duration.

We have demonstrated step-by-step charging process
to achieve stable electron density for a long time dura-
tion. We have also found the minimum liquid helium
level required to charge the surface and achieve stable
electron density over ractangular electrodes arrangement.
Such a charging process and stability parameters may
give insights into the nature of thermal activation of 2D
electrons at higher electron density over liquid helium sur-
face and/or on a neon substrate coated with a thin helium
film for potential applications in quantum computing
using electrons on superfluid helium.
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Biomass burning is a major contributor to the atmo-
spheric carbon budget and increases the concentration
of many trace gases apart from the adverse effects on
soil properties. However, in many parts of India, crop
residue burning is a recurrent and widespread prac-
tice for disposal of the residues after harvest of the
previous crop to facilitate sowing of the succeeding
crop. The residue burning on a larger scale also leads
to severe atmospheric pollution. Against this back-
drop, the present work was conducted to study the
effect of wheat (Triticum aestivum) residue burning on
soil properties and assess the potential greenhouse gas
emission from burning of such residues on a regional
scale. The study was taken up on farmers’ field in
Bhopal district, Madhya Pradesh, with two residue
disposal methods, viz. residue burning and residue
removal, for comparison with respect to their effect on
soil properties and the greenhouse gas emission poten-
tial. No significant difference was observed between
both methods in terms of soil organic carbon, inor-
ganic carbon and available P content at 0-15 and
15-30 cm soil depths. Though residue burning showed
favourable effect on available K content, there was
reduction in the available N content in the 15-30 cm
soil depth. Residue burning did not show significant
effect on soil biological activity as estimated from
fluorescence diacetate test. On the other hand, there
was a significant adverse effect on soil structure and
labile carbon content. Residue burning was estimated
to result in the emission of 379 Gg C equivalent for
India and 14 Gg C equivalent for MP.

Keywords: Biomass burning, greenhouse gas emission,
soil properties, wheat.

CRrOP residue management and disposal after harvest of
the previous crop is a common problem encountered by
farmers of India. Less time gap between harvesting and
sowing of subsequent crop, lack of requisite machinery
for crop residue incorporation in the field and increased
use of combine harvester to harvest wheat, leaves behind
a large amount of unmanaged crop residue in the field'.
In order to dispose of these residues quickly, farmers
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prefer residue burning over residue incorporation or
removal from the field, merely because the former is a
labour-saving method. Biomass burning is estimated as a
major source for the global carbon budget and many trace
gases such as carbon dioxide (CO,), carbon monoxide
(CO), methane (CH,), nitrous oxide (N,O) and other
reduced gases in the troposphere®”. Both CO, and CH,
directly influence global warming on the Earth, whereas
changes in oxidizing capacity relating to CO variability
could perturb the growth rates of many greenhouse gases
(GHGS). Emissions from the burning of fossil fuels and
biomass have led to the creation of atmospheric brown
clouds of black carbon and aerosols in various parts of
the world®. These clouds reduce incoming surface radia-
tion and rainfall, resulting in negative impact on growth
and yield of crops®. Emission of CO, during burning of
crop residues is considered neutral, as it is reabsorbed
during the next growing season. However, biomass burn-
ing is one of the significant sources of atmospheric aero-
sols and trace gas emissions, which has also a major
impact on human health’.

On the other hand, in areas of mechanized harvesting
of wheat without burning’, the accumulation of straw on
the soil surface can create a thick layer of organic waste.
Conservation tillage practices are gradually gaining
importance as effective mitigation options for changing
climate conditions. Studies show that no tillage (NT) and
reduced tillage (RT) have favourable effect on soil pro-
perties and crop performance®. No-till management sys-
tems require specialized machinery for seeding into
heavy residues. Due to inadequate machinery for NT in
India, farmers prefer residue burning or removal, to resi-
due incorporation in the field. Retention of wheat residue
in the field potentially has several favourable effects.
Burning can be detrimental to soil structure and nutrient
availability due to loss of soil organic matter*’. Retention
of unburned residues can increase nutrient conservation,
reduce weed growth and conserve soil moisture. Substan-
tial losses of C and N due to sugarcane residue burning
have been reported®. However, the retained mulch makes
tillage operations more difficult, interferes with fertilizer
and herbicide applications and can immobilize nitrogen
and phosphorus’. However, Wiedenfeld'® found no signi-
ficant difference in soil chemical properties, except soil
organic carbon after three years of sugarcane trash burn-
ing and green harvesting followed by partial incorpora-
tion of residues.

The dominant crops in the Vertisols of central India are
soybean in the kharif and wheat or chickpea in the rabi
season. The wheat residues are normally burnt in the field
for taking up the kharif crop. There are no studies to
show the effect of residue burning and residue removal
methods on succeeding crop yield and soil properties. We
hypothesize that wheat residue burning and removal from
field, as commonly practised by farmers of central India,
will have a marked influence on soil properties and crop
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productivity apart from adding to GHG emission. In the
present study, impact of two residue removal systems
(wheat residue burning and wheat residue removal) on
soil properties was assessed and GHG loading potential
to the atmosphere from burning of crop residues (rice,
wheat, maize, sugarcane, cotton) was estimated for India
and Madhya Pradesh (MP).

This study was conducted on the farmers’ fields in
Bagroda village, Bhopal district, MP. The study site is
located at 23°18'N lat. and 77°24'E long., at 485 m amsl.
The region has a hot sub-humid climate with average an-
nual rainfall of about 900 mm. The mean monthly maxi-
mum temperature is highest during May (40.7°C) and the
mean monthly minimum temperature is lowest in January
(10.4°C). The soil of study site is a noncalcareous Verti-
sol (Isohyperthermic Typic Haplustert) with sandy clay
loam texture, bulk density of 1.34 Mgm™ at 027 g g
soil moisture content, 7.2 g kg™' organic carbon, less than
0.3 dSm™' electrical conductivity and calcium as the
dominant exchangeable cation in the Ap horizon.

Emissions of only two GHGs, viz. CH; and N,O from
crop residue burning of some major crops in India and
MP (e.g. wheat, rice, maize, sugarcane and cotton) were
estimated. The emissions of carbon monoxide and nitrogen
oxides were not addressed because these are the gases
whose greenhouse effect is indirect and has not been
quantified in a ‘global warming potential’ value. The
methodology for estimating GHG emissions from field
burning of agricultural wastes is based on a report by the
Intergovernmental Panel on Climate Change (IPCC)'.
Data on rice, wheat, maize, sugarcane and cotton produc-
tion were obtained from FAI statistics 2010-2011.

After harvest of wheat, the two methods of crop resi-
due management, viz. crop residue burning and crop resi-
due removal, were selected for study in the farmers’
fields. These are the two practices of crop residue man-
agement commonly followed by farmers in MP. The
predominant cropping system followed by the selected
farmers is soybean—wheat. Soil samples were collected
from 0—15 and 15-30 cm soil depth from crop fields with
the two methods of residue disposal (where wheat residue
was burnt after harvest and wheat residue was removed
from field after harvest). Soil samples were collected
randomly using soil cores from five points in the field.
After collection, soil samples were air-dried and passed
through 2 mm sieve for further analysis. Standard proce-
dure was followed for estimation of selected soil physi-
cal, chemical and biological properties. The parameters
included soil organic carbon'?, soil aggregate analysis
using Yodder’s apparatus'®, available N content'*, avail-
able P content'”, available K content', permanganate
oxidizable carbon'’, fluorescence diacetate (FDA) activ-
ity and inorganic carbon content. The mean weight di-
ameter (MWD) was calculated according to procedure
developed by Kemper and Rosenau'®. For this, the soil
sample was passed through an 8§ mm sieve prior to
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Table 1.

Effect of wheat residue burning and removal on soil properties

Crop residue burned Crop residue removed

Soil depth (cm) Soil depth (cm)

Soil properties 0-15 15-30 0-15 15-30

Organic carbon (%) 0.71Aa 0.59Ab 0.72Aa 0.58Ab
Inorganic carbon (%) 0.27Aa 0.28Aa 0.28Aa 0.29Aa
Permanganate oxidizable (labile) carbon (mg/kg) 190.50Ab 208.13Aa 198.00Aa 150.00Bb
Mean weight diameter (mm) 0.64Ba 0.57Ab 0.71Aa 0.56Ab
Available N (kg/ha) 226.84Aa 192.08Ab 252.45Aa 178.49Bb
Fluorescence diacetate (pg/g/hr) 25.85Aa 25.52Aa 24.62Aa 22.95Aa
Soybean yield (mg/ha) 2.5a 2.2a

For a given depth layer, capital letters mark significant differences between treatments (P < 0.05). For a given
treatment, lower-case letters mark significant differences between depth layers (P < 0.05).

400
- mCRB mCRR
© a
< 300 - b a
< b
X 200
)]
2
w 100
>
<<
0
0-15cm 15-30cm
Soil depth (cm)
Figure 1.

20
& a-va mCRB mCRR
ol a
fn 15
- a
e 10
]
)
8
.E 5
>
<

0

0-15¢cm 15-30cm

Soil depth (cm)

Effect of crop residue burning (CRB) and crop residue removal (CRR) on available K and

available P contents at 0-15 and 15-30 cm soil depth. Lower-case letters mark significant differences

between treatments (P < 0.05).

analysis. The MWD is equal to the sum of the products of
the mean diameter (d;) of each size fraction and the pro-
portion of the total sample weight (w;) occurring in the
corresponding size fraction, where the summation is car-
ried out over all n size fractions, including one that
passes through the finest sieve (eq. (1)).

MWD=idiwi.

i=1

(1

The data were presented as mean values. They were
tested for statistical significance by Student’s unpaired
t-test. No assumptions were made on normality and vari-
ance equality'’.

The influence of wheat residue burning and removal
after harvest of wheat crop on soil properties is presented
in Table 1. There was no significant difference between
the two residue disposal methods on soil organic carbon
(SOC), inorganic carbon, available P (Figure 1) and FDA
activity in the 0-15 and 15-30 cm soil depth. However,
the effect of residue burning on available N was positive
at 15-30 cm soil depth (available N content of 192 kg/ha
under residue burning compared to 178 kg/ha under resi-
due removal). The insignificant effect on SOC was obser-
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ved despite earlier studies reporting decrease in its levels
of SOC on residue burning*”*. In contrast, there was
significant difference between the two residue removal
methods on labile C, MWD and available K. In the sur-
face layer, though there was no significant difference
between the two methods in terms of labile C, there was a
clear difference in the 15-30 cm layer. Residue burning
resulted in significantly higher labile C in the 15-30 cm
layer, whereas residue removal resulted in the depletion
of labile C in the subsurface layer. These indicate that burn-
ing results in higher availability of mineralizable and
easily decomposed C. Souza et al.” observed that in sug-
arcane with burn management, the greatest proportion of
total organic carbon, i.e. 74% was readily metabolizable
labile C, but for sugarcane without burning, it was of 54%.
The effect of wheat residue burning on soil structure
was significantly adverse, particularly in the 0—15 cm soil
depth, as indicated from lowered MWD in the 0—15 cm
layer. Residue burning significantly reduced MWD in the
0-15cm soil depth from 0.71 (residue removal) to
0.64 mm (residue burning; Table 1). However, there was
no significant effect of residue burning on MWD at 15—
30 cm soil depth. This might be due to the fact that the
intensity of residue burning is mostly concentrated on the
surface soil layer. In this study, although there was no
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significant effect of burning on SOC, it depletes the level
of labile pool of SOC at 0—15 cm soil depth. Thus reduc-
tion in labile pool of SOC has a greater negative impact
on soil structure than total SOC of soil. SOC build-up or
depletion also improves or deteriorates soil physical
properties especially soil aggregation®' .

The available K content at the 0—15 and 15-30 cm soil
depth also increased under residue burning (Figure 1).
The results of our study are in agreement with those ob-
tained by Mendonza er al.**, where higher K levels were
observed for sugarcane with burn. In addition, there was
no significant effect of residue burning on FDA levels,
indicating that biological activity of the soil is not much
influenced by the intensity of heating experienced in the
prevalent residue burning methods. It is natural that if the
soil is exposed to severe heating as observed under shift-
ing cultivation areas, the biological activity may get
affected irrespective of resilience of the microbial spe-
cies. The results of our study are in conformity with the
findings of Liu et al.*’, who reported no significant effect
of residue burning on soil microbial biomass and soil res-
piration.

The multiple effects of crop residue burning, its direct
effect on depleting and deteriorating soil health and its
indirect but additive effects on GHG emission in the
atmosphere are shown in Tables 2 and 3. Methane and
nitrous oxide emissions from the burning of different
crop residue as estimated for MP and India for the year

Table 2. Effect of burning of different crop residues on methane and
nitrous oxide emissions in Madhya Pradesh for the year 201011

2010-11, are presented in Tables 2 and 3 respectively.
The data show that in MP, wheat residue burning con-
tributes maximum, i.e. 65% of total emission (Table 2)
due to burning followed by rice and maize. However, for
the country as a whole, sugarcane and rice residue burn-
ing constitutes 37% and 30% of total all-India emissions
due to burning (Table 3). In India, the total emission from
burning of crop residues is 379.45 Gg C equivalent com-
pared to 13.63 Gg C equivalent in MP. Crop residue
burning is considered as a major source of CO,, CO, CHy,,
volatile organic compounds, nitrogen oxides and halogen
compounds®”.

Thus we can conclude the following from the present
study:

1. There is no significant difference between the two
residue management systems (wheat residue burning
and removal) with regard to SOC, available N, avail-
able P content in the soil and biological activity.

2. Though wheat residue burning increases the labile C
content in the 15-30 cm soil layer, it affects the soil
structure as indicated by adverse effect on MWD in
the 0—15 cm soil layer.

3. Apart from the effect on soil properties, crop residue
burning also has additive effect of GHG emission.
The total GHG emission from residue burning was
estimated to be 379 Gg C equivalent for India and
14 Gg C equivalent for MP.

4. Though crop residue burning is considered as a quick,
easy and labour-saving residue disposal method, it is
required to advocate the benefits of crop residue recy-
cling and in situ incorporation due to the global
warming potential of residue burning.

CH,4 emitted N,O emitted Total emissions

(Gg carbon (Gg carbon (Gg carbon
Crop type equivalent) equivalent) equivalent)
Wheat 7.63 1.19 8.82
Rice 1.17 0.46 1.62
Maize 1.05 0.34 1.39
Sugarcane 1.00 0.23 1.23
Cotton 0.50 0.07 0.57
Total 11.34 2.29 13.63

Table 3. Effect of burning of different crop residues on methane and
nitrous oxide emissions in India for the year 2010-11

CH,4 emitted N,O emitted Total emissions

(Gg carbon (Gg carbon (Gg carbon
Crop type equivalent) equivalent) equivalent)
Wheat 73.32 11.42 84.74
Rice 82.37 32.44 114.81
Maize 16.74 5.50 22.24
Sugarcane 115.12 26.48 141.60
Cotton 14.06 2.01 16.07
Total 301.60 77.85 379.45
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In the context of the Indian lithosphere, it is observed
that locations of midplate earthquakes and hydrocar-
bon energy resources have striking correlation with
the zones of influence (or corridors) of mantle plumes
and their traces. The two mantle plumes (Kerguelen
and Reunion) of the Ceno—Mesozoic period have given
rise to the large igneous provinces, viz. the Rajmahal
Traps on the eastern and Deccan traps on the western
sides of the Indian sub-continent; two more mantle
plumes (Marion and Crozet) are also believed to have
affected India’s continental margin. These plumes rise
from different mantle depths, strike the base of the
lithosphere and transfer the thermo-magmatic flux
upwards, which in turn cause tectonic deformation/
movement, and also affect changes in the geophysical/
geological characteristics of the overlying lithosphere
due to magmatic underplating, metasomatism and
metamorphism, and thermal cooking and also en-
hancement of productivity of the basins due to heat
and nutrient inputs from the mantle plumes coming
up from the mantle. In this context, location of the
stable continental region/mid-continental earthquakes
and hydrocarbon/energy resources of India falling
over the zone of influence of mantle plumes is signifi-
cant and can be gainfully utilized in zeroing on their
occurrence.

Keywords: Cratons, hydrocarbon deposits, mid-conti-
nental earthquakes, mantle plume and trace, mobile belts.

EARTH science is most directly connected with basic
necessities of the human civilization; for example, natural
resources and disaster management. In the Indian context,
(1) energy crunch due to ever-increasing need, and (ii)
disastrous mid-continental (or unexpected stable conti-
nental region, SCR) earthquakes, have motivated multi-
pronged studies to understand/explore the possible
locations of the occurrences of these two factors' . The
present study examines these issues in light of the
concept of mantle plumes (or hotspots) and their traces
(or plume path) over the lithosphere and analyses if there
exists any correlation with the above two factors™”.
Mantle plumes and Indian lithosphere: A long geologi-
cal history exists with regard to effects of mantle plumes
over the Indian lithosphere. So far, consequences of
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