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ABSTRACT

International responsibility is increasing in India to adopt a more pro-active role in greenhouse gas
emission. Hence, it is important to develop a clear understanding of our emission inventory towards
reducing Carbon dioxide (CO,) emissions. Soils are an important pool of active carbon and tillage
can lead to carbon emission from agricultural soils. This study assess the quantity of CO, release
from three major soils (red loam, coastal sandy and paddy field soil) of Kerala under different tillage
practices(conventional, with cultivator and with rotovator) and to optimize the tillage practices with
minimum CO, emission. The CO,emission from soil surfaces was measured using base trap
method with Sodium hydroxide (NaOH) as base. The influence of soil temperature, soil moisture
content, organic matter in soil, soil pH, bulk density, atmospheric temperature and relative humidity
on CO, emission was assessed. The conventional tillage resulted in the maximum CO, emission
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followed by the tillage with cultivator and the least value was observed when tilled with rotovator.
The maximum CO, emission was observed in the paddy field soil followed by red loam and the least
value was observed from the coastal sandy. The major quantity of CO, was released just after the
breakage of soil in all kind of tillage methods and became almost equal to the undisturbed condition
after two hours of ploughing. The bulk density of soil was negatively correlated, organic carbon
content was positively correlated, soil temperature was positively correlated and atmospheric
temperature was positively correlated with CO, emission from the red loam soil in all the tillage
practices. No significant correlation was obtained between relative humidity and soil moisture with
CO.emission.Tillage with rotovator contributed the minimum CO, to atmosphere and significantly
affects the concentration of CO.in the atmosphere, ultimately contribute in mitigation of global

warming.

Keywords: Global warming; tillage; CO, emission; cultivator; rotovator.

1. INTRODUCTION

Climate change due to rapid increase of carbon
dioxide is a newcomer to the international
political and environmental agenda, but scientists
have been working on the subject for decades
[1,2]. Global warming has often been described
as one of the most serious environmental
problems ever to confront humanity, as it is
inextricably linked to the process of development
and economic growth itself [3]. International
pressure is increasing on India and other large,
rapidly developing countries to adopt a more pro-
active role. It is, therefore, important to develop a
clear understanding of emission inventory [4,5].
Measuring soil CO, emission is crucial to
accurately evaluate the effect of solil
management practices on global warming and
carbon cycling, since agriculture is one of the
major contributors of CO, to atmosphere [6,7,
8,9,10].

Soils are an important pool of active carbon and
play a major role in the global carbon cycle and
have contributed to the changes in concentration
of greenhouse gases in the atmosphere [11,12].
Soil carbon dynamics can have an indirect effect
on climate change through net absorption or
release of CO, from the soil to the atmosphere in
the natural carbon cycle [13,14,15]. CO, is
emitted from soil by two different ways, one is
through the respiration of microbes in soil and
the other is through the direct oxidation of
organic and inorganic carbon present in the soil
[16]. Both the ways are enhanced by the
disturbances happening in the soil.
Measurements of soil gas emissions for different
tillage treatments and cropping systems are,
therefore, important for identifying management
practices that can positively impact carbon
balance [1,17]. Tillage is the mechanical
manipulation of soil, affects soil microbial activity,

organic matter decomposition, and soil carbon
loss in agricultural systems [18,19,20,21]. Tillage
processes and mechanisms leading to carbon
loss are directly linked to soil productivity, soil
properties and environmental issues [22,23,24].
The magnitude of CO, loss from the soil due to
tillage practices is highly related to the frequency
and intensity of soil disturbance caused by tillage
[25,26,27].

The environmental and economic benefits of less
intensive tillage demand consideration in the
development of improved management practices
for sustainable agricultural production [25,28].
The rate of soil CO, emission is normally
controlled by several factors, such as CO,
concentration gradient between the soil and the
atmosphere, soil temperature, soil moisture, soil
organic matter content, bulk density, soil pH,
atmospheric temperature and relative humidity
[29,30,31,32,33,34,23,26,35,36,37].

The present study was undertaken to quantify
the CO, release from three major soils of Kerala
under three  different tillage  systems
(conventional tillage, tillage with cultivator
and tillage with rotovator) and to optimize
the tillage practices for minimum soil CO,
emission.

2. MATERIALS AND METHODS

The study was conducted at the Instructional
Farm, College of Agriculture, Vellayani, Kerala
Agricultural University and farmer’s field nearby.
The geographical coordinates of Instructional
farm Vellayani is latitude 8°35”N, longitude
76°59’E at 25 m above Mean Sea Level
(MSL).The farm was characterized by undulated
topography with soil type red loam (Typic
Rhodustult), paddy field soil (Typic Fluvaquent)
and coastal sandy soil (Typic Ustipsamments).
The annual precipitation of the study area was
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1850 mm, maximum temperature is 34°C and
minimum temperature is 21°C.

2.1 Soil

Soils were selected mainly based on their
textural difference and predominance in southern
Kerala, where the study was undertaken.

2.2 Red Loam (Typic Rhodustult)

These soils are localized in occurrence and are
found mostly in the southern parts of
Thiruvananthapuram district of Kerala. These
soils are identified in undulating plains of lowland
with a general slope of 3 to 10 per cent. These
deposits are mostly very deep and homogenous
in nature. The texture of the soil generally ranges
from sandy clay loam to clay loam with red to
dark red colour. Gravels are rarely noticed in this
soil. A variety of crops such as coconut, banana,
yams, pineapple, vegetables, fruit trees etc. can
be grown under proper management.

23Clay or Paddy Field Soil
Fluvaquent)

(Typic

These soils are very deep, imperfectly drained,
highly clayed, very dark grey soils developed
from lacustrine deposits of recent origin with ill-
defined horizons. The water table is very high
and flooding is a common feature during rainy
season. During summer, vegetables are being
cultivated. The summer fallows were selected for
the study since the CO, emission happens only
from dry soil, while emission from wetland is

methane (CH;) due to the anaerobic
decomposition of plant residue.
2.4 Coastal Sandy Soils (Typic

Ustipsamments)

The coastal sandy soils are very deep, well
drained, sands on very gently sloping subdued
coastal sand dunes. The disaggregated particles
with apparently no coherent structure are often
described as single grain. The soil reaction is
strongly acidic. Moderately shallow water table is
observed at places. The sands with very low
cation exchange capacity are deficient in basic
cations like calcium, magnesium and potassium.
These soils have very low water and plant
nutrient retention capacity.

2.5 Method of Tillage

The amount of CO, released into the atmosphere
differed with different tillage systems and the

amount lost was related to the amount of soil
disturbance.

2.6 Conventional Method of Tillage

The conventional method of tillage adopted and
followed in South Kerala is soil manipulation with
spade. In this system all the operations from
initial ploughing to seed bed preparation is being
done with spades of different shapes. The soil is
being pulverized with spade alone to form seed
bed and the operation is under the complete
control of man who performs it. Generally, the
ploughing depth varies from 10 to 15 cm with
considerable degree of pulverization. The
manual ploughing with spade was carried out in
the fields at a maximum depth of 15 cm by a
trained labour for the study.

2.7 Tillage with Cultivator

A cultivator, though a secondary tillage farm
implement, in Kerala it is being used for initial
land development as well as seed bed
preparation. The cultivator is being operated as
an attachment to tractor, hence its use is
restricted to medium or large farms. The depth of
ploughing varies from 10 to 15 cm with
considerable degree of pulverization. The soil
breaks up is linear in pattern since it drags and
break the soil. For the study, an eleven tine
cultivator was operated as attached to a 45 hp
tractor in the fields. The operating depth was set
by means of three point hitch system to a
maximum depth of 15 cm.

2.8 Tillage with Rotovator

Implements that use rotary motion from Power
Take Off (PTO) of tractor through chain and
sprocket transmission system to operate ‘L’
shaped tynes or blades at a constant and
predetermined operational speed. It stirs and
pulverise the soil at higher degree. The sail tilth
formed will be smooth and results in a
loose seedbed. The depth of operation varies
from 10 to 15 cm. For the study, a rotovator was
operated as attached to the PTO of a 45 hp
tractor in the fields. The PTO speed was set to
540 £ 10 rpm. The operating depth was set by
means of three point hitch system to a maximum
depth of 15 cm.

2.9 Measurement of CO, Release

The cumulative CO, emission from the tilled and
undisturbed soil surfaces were measured using
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portable chamber system [38]. Measurements
were typically made by measuring the rise in CO,
concentrations inside the chamber by the base
trap method using NaOH as base.

2.9 Collection Chamber

A moulded transparent plastic box with height 20
cm, width 30 cm, and length 34 cm (Fig. 1) was
used as the collection chamber to trap and
collect the CO, release from soil. The area of
release was then standardized to 1 m? by
multiplying the data observed with a factor 9.8.
The chamber was placed in the tilled soil up to a
depth of 5 cm [39] and the outer side walls were
covered with soil, till the soil surface to prevent
escape of CO, from the chamber and flow of
atmospheric air into the chamber so as to make it
a closed system. A glass beaker of 30 ml
capacity was used for keeping the NaOH base
trap solution inside the chamber.

2.10 Measurement of CO, Release from
the Soil Using Base Trap Method

The base trap method is a static measurement
method for CO,, where NaOH was used as base
[40,41]. When the solution gets exposed to
CO.emitted from the soil, it reacts to form
Sodium carbonate (Na,CO3).The quantity of
CO,absorbed was measured through titration of
Na,CO; against Hydrochloric acid (HCI) (0.1 N).
NaOH (1N) solution was prepared in the
laboratory and 15 ml of the solution was pipetted
out to low form glass beaker. The beaker with
solution was placed above the soil surface and
closed with collection chamber. The NaOH

reacted with the CO, available inside the
chamber which is the sum of atmospheric CO,,
CO, released due to the oxidation of carbon
present in the soil and CO, released due to
microbial activity in presence of atmospheric
oxygen and moisture from soil to form Na,COs.
The sample was shifted to the lab without further
contact with air. The cumulative hourly release of
CO, from the selected area due to the said
reasons was calculated by titration of Na,CO;
with 0.1 NaCl with phenolphthalein as indicator.
After adding the indicator the solution turned to
pink in colour. The endpoint was disappearance
of this pink colour (Fig. 2). The volume of HCI
used for the titration could be related to the
amount of CO, absorbed by NaOH, ultimately
the cumulative amount of CO, released from the
soil.

The reaction equations are:
2 NaOH + CO, —» Na,CO3 + H,0

NaOH + HCI ——» NaCl + H,O

2.11 Standardization of Data

The result from the titration procedure was in
mg of CO,, which is the amount of CO,
released from the chamber area of 0.102 m-.
This was converted to quantity of CO, released
from m? the unit area by multiplying with the
factor 9.8. Since the result represent the
cumulative quantum of CO, released in an
hour, from a unit area, the data could be

represented in standard form viz. g m? h' for
further analysis.

Fig. 1. Collection chamber with NaOH solution
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Fig. 2. Endpoint — disappearance of pink colour

2.12 Other Parameters Influencing CO,
Emission from Soil

Studies have shown that factors such as soil
temperature, soil moisture content, presence of
organic matter in the field [42], soil pH [43], bulk
density [39], atmospheric temperature and
relative humidity [44] also influence the CO,
release from the soil surface to atmosphere.

2.13 Analysis of Data

The Completely Randomized Design with Single
Factor ANOVA was done to evaluate whether the
difference between the treatments were
significant. Correlation between CO, emission
and various parameters viz., soil temperature,
atmospheric temperature, relative humidity and
soil moisture was computed.

3. RESULTS AND DISCUSSION

3.1 Effect of Tillage on Co, Emission

The data observed on hourly basis were
standardized to g m? h™' of CO, released and
represented graphically as shown in Fig. 3 to Fig.
11. The trend of plotted data as shown in figures
evident that, major quantity of CO, was released
just after the breakage of soil in all kind of tillage
methods. The maximum value of CO, emission
was observed in the application of conventlonal
tillage in paddy fleId 30|I (55.25 g m?2 h’ ), red
loam soil (36. 28 9 m™ h™) and coastal sandy soil
(21.215 g m? h™"). The minimum value of CO,
emission was observed in the appllcahon of
rotovator in coastal sandy 30|I (12.55 g m? h™y,
redloam 30|I (19 28 g m? h™") and paddy field soil
(4217 gm?h™).

The release of CO, from the soil was almost
equal to the undisturbed condition after two

hours of ploughing. In second hour of tillage the
CO, emission declined drastically irrespective of
soil types and tillage mechanisms. The
percentage of decrease of CO, emission was
reduced from ©92 to Y95 per cent for red loam
and coastal sandy soils. But that of paddy field
soil it ranges from 79 to 86 per cent. After the
second hour of tillage the CO, emission recorded
the values lower than that of undisturbed soil
conditions. This trend was continued with minor
fluctuations corresponding to the changes in soil
temperature and soil moisture. Immediate
release of CO, from organic matter content due
to the microbial activities in presence of
atmospheric oxygen (microbial respiration) also
observed within two hours after tillage [45].
Enhanced release of CO, immediately after
tillage associated with the release of CO, stored
in soil pores. Then there was a decrease in the
soil microbial respiration after tillage hence a
decrease in the CO, flux from the soil after the
tillage. After 2 to 3 hours of tillage, the emission
of CO, was lesser than that of undisturbed soll
condition when the soil get dried and release of
CO, from exposed area was completed [40,41].

It was evident from observations that, the CO,
released was higher in rate wunder the
conventional tillage practices (Fig. 3, Fig. 6 and
Fig. 9). In conventional method of tillage the
degree of pulverization is comparatively lesser
with the other two methods. This resulted in left
over of bigger soil clods with maximum surface
area exposure to the atmospheric oxygen, hence
the formation of CO, both from soil carbon and
carbon from organic matter get accelerated. The
conventional method of tillage resulted in the
highest initial CO, flux and its maintenance may
because of disturbed soil depth was high which
caused the formation of rougher surface and
larger voids in the tilled soil. Similarly lower CO,
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fluxes were caused by tillage associated with low
soil disturbance and small voids.

Under the tillage with cultivator, the degree of soil
pulverization is higher than that of conventional
method, and the exposed area of soil is slightly
lesser than that of conventional method, hence
release of CO, also reduced (Fig. 4, Fig. 7 and
Fig. 10). As seen in conventional method the
release of CO, from all the sources was taken

place immediately after tillage and after two
hours it was almost equal or lesser than the
undisturbed condition when the soil get dried and
release of CO, from exposed area was
completed. The amount of carbon lost in the form
of CO, from the soils due to different tillage
practices has high correlation with the intensity of
the disruption and the volume of soil disturbed by
the tillage implements used.

40.00
= 35.00 —e—Tilled Soil CO2
h'lE 30.00 =8—Non Tilled Soil CO2
en
= 25.00
; 20.00
2 15.00
E 10.00
S 5.00
T—— _W — —20
© 0.00 o e ° —
0 1 2 3 4 5 6 7
Hours

Fig. 3. CO, emission from red loam soil under conventional tillage
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Fig. 4. CO, emission from red loam soil under tillage with cultivator
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Fig. 5. CO, emission from red loam soil under tillage with rotovator
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Fig. 6. CO, emission from coastal sandy soil under conventional tillage
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Fig. 7. CO, emission from coastal sandy soil under tillage with cultivator
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Fig. 8. CO, emission from coastal sandy soil under tillage with rotovator

When the tillage is performed with rotovator, the
degree of pulverization was higher and the
exposed area to atmospheric oxygen was lesser
and hence release of CO, also reduced (Fig. 5,
Fig. 8 and Fig. 11). Under rototilled condition the
soil clod formation was significantly less in
comparison with the other two methods. The sail

was powdered after tillage and the fine particles
of soil formed a sealed layer over the seed bed.
This layer restricts the free exposure of soil
carbon and organic matter content to the
atmospheric oxygen considerably. As seen in
other two methods of tillage, the amount of CO,
released from all the sources was taken place
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immediately after tillage and after two hours it
was almost equal or slightly lesser than
undisturbed condition when the soil get dried and
release of CO, from exposed area was
completed [38]. The CO, flux soon after soil
disturbance has been related to the depth of
tillage and the degree of soil disturbance
[46,22,39,24].

The paddy field soil with the lower bulk density
(114 g cm®) performed the maximum CO,
emission under all the three methods of tillage
adopted followed by red loam with bulk density
1.41 g cm™ and finally costal sandy soil with bulk
density 1.58 g cm®. The larger the soil
aggregates higher will be the oxidation rate of
soil carbon and soil microbial respiration. This
implies, the unexposed carbon in the soall
towards atmospheric oxygen will be lesser
when bulk density is low [47]. This reduces the
rate of emission of CO, due to tillage operations
[29, 48].

3.2The Tillage Practices for Minimum
Soil CO, Emission

From these observations and analysis it could be
concluded that tillage with rotovator in any type
of soil contribute the minimum CO, to
atmosphere. Whereas conventional method of
tillage  (especially with  primary tillage
implements) gives the maximum CO, emission
[22,24] and that of tillage with cultivator resulted
as intermediate emission [22,23,24]. The
reduction in emission of CO, from soil when tilled
with rotovator in comparison with cultivator and
conventional tillage was 4% and 6% respectively.
This contribute a significant reduction in emission
of CO, when it considered globally. Hence this
reduction significantly affect the concentration of

atmosphere, ultimately contribute in mitigation of
global warming.

It was also observed that CO, emission was high
at higher organic matter content. The clay or
paddy field soil with the higher organic matter
content (2.086 per cent) performed the maximum
CO, emission under all the three methods of
tillage adopted followed by red loam with organic
matter content 1.068 per cent and finally the
costal sandy soil with organic matter
content0.879 per cent. The larger the soail
aggregates higher will be the oxidation rate of
soil carbon and soil microbial respiration and
hence the lower organic content in the soil [47].
This will reduce the rate of emission of CO, due
to tillage operations. Tillage accelerates soil CO,
emission by  improving soil  aeration,
disaggregating soil, increasing the contact
between soil and crop residue, and speeding
organic carbon decomposition [18,19].

The soil temperature and the CO, release are
positively correlated in all the tillage practices
except in the case of tillage with rotovator
[49,31]. The temperature and the CO, release
were positively correlated in all the tillage
practices except in the case of tillage with
rotovator. From these it was evident that the
temperature and the CO, emission from the soil
were related to each other in a way such that as
the temperature increases the CO, emission also
increases. The relative humidity and the CO,
release were not correlated in all the tillage
practices. From these it was evident that the
relative humidity and the CO, emission from the
soil has not any significant relationship between
them. The soil moisture and the CO, release
were not correlated in all the tillage practices.
From these it was evident that the soil moisture
and the CO, emission from the soil have not any

CO,;, the major greenhouse gas in the significant relationship between them.
_ 60.00
= 50.00 =@=Tilled Soil CO2
g —e—Non Tilled Soil CO2
s0 40.00
=
= 30.00
2
£ 20.00
£
S 10.00
=] —_——C— — —_—
o 0.00 - —

0 1 2 4 5 6 7

Hours

Fig. 9. CO, emission from paddy field soil under conventional tillage
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Fig. 10. CO, emission from paddy field soil under tillage with cultivator
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Fig. 11. CO, emission from paddy field soil under tillage with rotovator

4. CONCLUSION

The major quantity of CO, was released just after
the breakage of sail in all kind of tillage methods.
The release of CO, from the soil was almost
equal to the undisturbed condition after two
hours of ploughing. In second hour of tillage the
CO, emission declined drastically irrespective of
tillage mechanisms. After the second hour of
tillage the CO, emission recorded the values
lower than that of undisturbed soil conditions.
This trend continued with minor fluctuations
corresponding to the changes in soil temperature
and soil moisture. The conventional tillage
resulted in the maximum CO, emission followed
by the tillage with cultivator and the least value
was observed when tilled with rotovator in all the
soil types studied. The tillage with rotovator in
any type of soil contributes the minimum CO, to
atmosphere. The reduction in emission of CO,
from soil when tilled with rotovator in comparison

with cultivator and conventional tillage was 4%
and 6% respectively. This contributes a
significant reduction in emission of CO, when it
considered globally. This reduction significantly
affects the concentration of CO,, ultimately
contribute in mitigation of global warming.
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