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ABSTRACT: A study was carried for ex ante measurements of green house gas (GHG) emissions using EX-ACT carbon balance
tool developed by FAO in seven villages of Maharashtra, India. These ex ante measurements were mainly carried out to quantify the
impacts of various agriculture management interventions in terms of carbon balance and potential. The model takes deforestation,
afforestation/reforestation, livestock, cultivation of annual crops, perennial crops, fertilization of crops into account to calculate the
C balance. The results showed that the interventions adopted (improved cropland management, nutrient management and water
management) were found to be appropriate options to mitigate the carbon dioxide (CO2) emissions for the next 20 years with
mitigation potential of 86.6% of the total GHG mitigated when compared to traditional practices followed by the farmers. Among the
different sectors studied, afforestation had highest mitigation potential followed by practices in annual and perennial crops. There was
also increase in cropping area under annual crops up to 21.8% with an overall average mitigation potential of 1.4 t/ha/yr CO2e, while
livestock and other land use sectors were contributing to the CO2e emissions ranging from 4.7 to 100% of the total GHG emissions.
The overall carbon (C) balance estimates were -14.4, -15.3, -16.2, -21.6, -15, -23.1 and -22.3 t/haCO2e (with ‘-’ indicating sink) in
Ahmednagar, Amaravathi, Aurangabad, Gondia, Nandurbar, Baramati and Ratnagiri districts, respectively. Such better management
practices if implemented in the larger regions, could contribute towards mitigation of GHG emissions.
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The Indian Council of Agricultural Research (ICAR) launched
the National Initiative on Climate Resilient Agriculture (NICRA)
project in 100 vulnerable districts involving one lakh farm
families across the country with an aim to demonstrate integrated
package of proven technologies for adaptation of crop and
livestock production systems to climatic variability and to assess
the GHG mitigation potential by adopting these technologies.
This paper mainly focuses on Maharashtra state situated in the
western region of India covering 7 vulnerable districts out of
100 vulnerable districts covered under the NICRA project. It
is the second most populous state after Uttar Pradesh and third
largest state by area in India. Using the Intergovernmental Panel
on Climate Change (IPCC) default emission coefficients, Uttar
Pradesh (including Uttarakhand) emits the highest amount of
N2O-N (15.53 Gg) followed by Andhra Pradesh (9.50 Gg) and
Maharashtra (7.50 Gg) (Sharma et al., 2008) during 1994-95. It
is well documented that the GHG emissions from agriculture can
be mitigated by adopting improved management practices but till
now it has not been quantified at village level in India. This type
of study is important in view of the obligation placed by United
Nations Framework Convention on Climate Change (UNFCCC)
on signatory nations to establish national inventories of green
house gas emissions and removals. Although static to dynamic
models involving diverse methodologies have been used by
various researchers to account the carbon sequestered through
agriculture, EX-ACT model uses a thorough methodology by
taking into account the fluxes of carbon from all sectors involved
in agriculture to assess the net carbon sequestered at village

level. The present study was carried out in Maharashtra with
an objective to measure the impact of mitigation technologies
in agriculture, forestry and livestock sectors on GHG emissions
and its effect on C balance using EX-ACT, a tool developed
by the Food and Agriculture Organization (FAO) of the United
Nations (UN).

Materials and Methods
Selected districts under NICRA project in Maharashtra
The selection of districts was done based on the climatic
vulnerability data of past 30 years. Also salinity and groundwater
crisis were considered and were identified by superimposing
salinity maps developed by CSSRI with water balance maps
of NBSS & LUP. The interventions implemented were broadly
classified into four modules viz. natural resources, crop
production, livestock & fisheries and institutional interventions.
The objectives of the project were to enhance the resilience of
agriculture (including crops and livestock) to climatic variability
and climate change through implementation of various practices
and also to reduce the GHG emissions. Seven villages in total
were selected under NICRA project in Maharashtra (Figure
1) based on the climatic vulnerability data of past 30 years as
mentioned above. These villages were selected by analyzing
climatic constraints of the village based on long term data;
assessment of natural resources status of the village; identifying
the major production systems and studying the existing
institutional structures and identifying gaps.
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For this purpose, relevant information regarding area under
agricultural land, land use management, crop management and
livestock management practices was collected through a survey
before demonstration of proven technologies to the farmers
(without project) and again after implementation of these
technologies by farmers.

Results and Discussion
Seven villages were selected, where climatic constraints were
drought, floods and salinity. The total number of households in
the selected villages was 1177, 464, 115, 862, 257, 398 & 168
in Ahmednagar, Amaravathi, Aurangabad, Gondia, Nandurbar
and Ratnagiri, respectively with most of land under annual crops
(Table 1). The results of Ex ante analysis are reported under
different sections: afforestation/reforestration, livestock sector,
agriculture sector and total mitigation potential of selected
villages of Maharashtra. The GHG mitigation potential of
different agricultural interventions (Table 2) in seven villages
of Maharashtra was computed using EX-ACT model (Bernoux
et al., 2010) which was developed using the 2006 guidelines for
National Greenhouse Gas Inventories (IPCC, 2006).

Fig 1 : Location of selected districts of Maharashtra, India

EX-ACT (Ex-ante carbon balance tool) was used to estimate
the potential contribution of agriculture and forestry sectors to
climate change mitigation. It provides Ex-ante measurements of
GHG emissions and C sequestration, indicating its effects on
the C balance. The emissions are expressed in t CO2e/ha. It is a
new simple tool which takes into account the various activities
(deforestation, afforestation/reforestation, livestock, cultivation
of annual crops, perennial crops and fertilization of crops) and
calculates their impact on GHG fluxes and sinks from and to
different pools (above-ground biomass, below ground biomass,
soil, litter and dead wood). It computes the C balance for a
specific project in comparison with a reference. It gives a clear
picture of GHGs released in the current situation, in future if the
project is not implemented and if implemented by comparing
two scenarios without project’ and ‘with project’ taking into
account both the implementation and capitalization phase of
the project, set as 20 years. It consists of a set of Microsoft
Excel sheets in which relevant data pertaining to deforestation,
aforestation/reforestation, forest degradation, restoration of
grasslands, livestock, cultivation of annual crops, perennial
crops, and fertilization of crops is entered. EX-ACT adopts a
modular approach – each ‘module’ describing a specific land use
–and following a three-step logical framework (Figure 2) and
calculates the C balance.

Mitigation potential of afforestation/reforestration
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Afforestation and reforestration in Amaravathi and Ratnagiri is
able to sequester 6523 and 3824 t CO2e. In Amaravathi, about
10 ha area was brought under afforestation with babul (Acacia
nilotica) and niligiri species (Eucalyptus sps.) and in Ratnagiri,
10 ha area was brought under mango (Mangifera indica)
plantations. The sequestration also depends on the type of
plantation, age, residues added to the soil, etc. So, in our study
it was found that Acacia and Eucalyptus species sequestered
more carbon when compared to mango plantations due to their
fast growth and adaptability. With an area of 10 ha, the annual
mitigation potential of afforestation is equal to 32.6 and 19.1
t CO2 e/ha in Amaravathi and Ratnagiri, respectively. Thus,
afforestation has a huge potential to mitigate the CO2 emissions
when compared to other sectors such as agriculture, livestock,
etc., apart from many other benefits such as enhanced carbon
stocks (Cacho et al., 2003). This sector contributed to 30.8 and
59.5% of total GHG mitigated through all mitigation activities.
In case of Rio Rural, Branca et al. (2013) reported that there was
31.1% of total project mitigation potential which promoted the
plantation of native forest on degraded grasslands using a mix
of tree species.
Mitigation potential for the livestock sector
With 1.35 billion cattle in the world, 18% of global GHG
emissions are from livestock (FAO, 2006), and 4% of the total
emissions are from the global dairy sector (FAO, 2010). Asia
has 28.6% of the world’s cattle, with India and China having
the largest populations. Indian livestock emitted 9.10 t CH4
from enteric fermentation using in 2003 (Sultan Singh et al.,
2012). In our study, among the components, only the dairy
cattle were responsible for 57, 12.3, 38.2, 27.2 and 75.5% of
the CO2 emissions through enteric fermentation (Table 3). It
is also reported that apart from methane emissions, there are
N2O emissions from manure management. It was observed that
following improved feeding practices (mineral mixtures, feeding

Fig 2 : General structure of EXACT tool used in the C
balance study (Bernoux et al., 2010)
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Table 1 : Land use pattern (ha) in selected villages of Maharashtra under NICRA project
Village

Ahmednagar
Amaravathi
Aurangabad
Gondia
Nandurbar
Baramati
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Ratnagiri

Project

Forest/
plantation

Crop land

Other land

Total

Annual

Perennial

Rice

Degraded

Others

Without

0

1651

101

0

0

2.0

With

0

1601

152

0

0

0

Without

10

522

11

0

0

128

With

0

636

15

0

0

0

Without

0

415

0

0

0

30.0

With

0

439

10

0

0

0

Without

0

0

0

762

0

2.0

With

0

43

2

719

0

0

Without

0

238

31

4

0

101.0

With

0

339

31

4

0

0

Without

0

1000

0

0

0

0

With

0

569

3

0

0

428.0

Without

0

102

0

70

0

45.0

With

10

107

0

100

0

0

1754
661
445
764
374
1000
217

Table 2 : Interventions adopted in the seven villages of Maharashtra under NICRA project
Module

Improved practices

Traditional practices

Crop management

Adopting improved cultivars

Adopting local varieties

Zero tillage

Intensive cultivation with 2-3 ploughings
and disc harrowing

Crop diversification with legumes

No crop diversification

Micro irrigation

Flood irrigation

In situ moisture conservation

No conservation measures for moisture

Water harvesting

No water harvesting

Rice cultivation (intermittent flooding)

Rice cultivation with flooding

Soil test based nutrient use (Rational use)

Blanket application

Improving nitrogen use efficiency (avoiding residue burning
and incorporating crop residues, soil test based fertilizer
application, split application)

No such practices

Green manuring

Not practiced

Composting

Not practiced

Use of leaf colour charts

Not practiced

Biogas slurry

Not practiced

Improved feeding practices (green fodder, mineral mixtures,
rice bran, etc.)

Grazing and rice straw feeding

Improved breeding practices (artificial insemination,
avoiding inbreeding, etc.)

Inbreeding

Water saving
technologies

Nutrient
management

livestock
interventions
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green fodders that contain less lignin and release less methane
during enteric fermentation) and breeding practices (artificial
insemination, planned cross-breeding or selection within breeds)
can reduce the methane emissions to a large extent. A number of
factors impact the methane emissions including the animal traits
(age, body weight and genetics), feed quality and environmental
parameters. However, the mitigation potential of improved
feeding practices, use of specific agents or dietary additives and
long term management changes and animal breeding practices is
high. Thus, mitigation strategies focused in present study were
the animal and feed factors.

The use of more concentrates commonly increases the
methane emission; on the other hand as it results in increased
performanance (milk and meat) of the cattle, there will be overall
reduction of methane emissions per unit of product (IPCC, 2007).
Thus, improving the feeding practices will result in productivity
gains and consequently lower GHG emissions. In Brazilian cattle
production, Cerri et al. (2009) reported that the modernization
process will result in productivity gains and consequently lower
GHG emissions, from both enteric fermentation and higher
pasture occupation. Manure management also emits CH4 and
N2O as a result of microbial action of nitrifiers, denitrifiers and
methanogens. The quantity of these emissions in turn depends on
temperature, type and form of manure management as methane
emissions mainly occur when the manure is wet. Thus, even
with the adoption of interventions livestock sector was found
to be a source for GHG emissions in Ahmednagar and Baramati
contributing towards 100% of the total GHG emissions followed
by Amaravthi, Gondia and Aurangabad (Figure 6). Thus, though
there is reduction in emissions due to interventions it is not being
reflected because of the increase in livestock population.
Mitigation potential for the Agriculture sector
Annual crops: With introduction of NICRA project, about
61 ha of fallow land area was brought under annual crops in
Amaravathi, and an increase in 29 ha area under crops in
Aurangabad. In Ahmednagar there was a shift from seasonal
crops to perennial crops (pomegranate) in area of 50 ha, on the
other hand 439.1 ha area under annual crops was kept fallow,
mainly due to shortage of rainfall although the existing crops
were replaced with lucerne (3 ha) and sugarcane (8 ha). In
Gondia, there was inter-conversion of annual crops to paddy in
4 ha and 54 ha of paddy crop was replaced with annual crops
(Table 1). In Nandurbar, there was increase of 101 ha area after
introduction of NICRA project but no such increase in area was
observed in Ratnagiri where 8.7 ha out of 70.5 ha area under
rice (local variety) was replaced with improved varieties R4 &
R1. The extent of reduction in GHG gas emissions in different
villages without and with project is shown in Figure 4. It was
observed that there was reduction in CO2 emissions in all the
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Total emissions (t CO2 e) reported here correspond to methane
emissions through enteric fermentation, methane emissions
through manure management, N2O emissions through manure
management and additional technical mitigation, from which
the final carbon balance was worked out (Table 3). With the
introduction of mitigation technologies as mentioned above,
there was increase in total livestock population which ranged
from 4.7 to 19% with an exception in Nandurbar where with the
project there was a decrease of 0.9%. The highest proportional
reductions of enteric CH4 were from improved feeding, where
the technical mitigation potential was even up to 80% from
improved feeding practices in Amravati followed by other
villages (Figure 3).

Fig 3 : Percent of total GHGs mitigation from livestock
sector by adoption of different interventions

Table 3 : Overall GHG emissions and C balance ‘with’ and ‘without’ project in livestock sector
Village/ district

Total livestock

Total emission (t CO2e)
Methane emissions
through enteric
fermentation

Methane emissions
through manure
management

N2O emissions
through manure
management

Additional
technical
mitigation

Final
balance
(t CO2 e)

Without

With

Without

With

Without

With

Without

With

Without

With

Nirmal Pimpri, Ahmednagar

82448

83044

61940

62580

5741

5796

16293

16498

-1526

-1831

595

Takali, Amaravati

16194

19272

12432

15129

1109

1380

2755

3157

-102

-395

3077

Shekta, Aurangabad

1106

1158

865

914

76

80

174

188

-9

-23

52

Katangtola & Chadanitola,
Gondia

10845

11850

8329

9225

741

822

1854

2058

-78

-256

1004

Umarani, Nandurbar

27071

26828

21668

21668

2012

2012

3557

3557

-243

-165

-408

Baramati, pune

20038

23165

14444

16492

1234

1359

4521

5557

-161

-243

3127

Haral, Ratnagiri

4282

4252

3294

3316

313

314

701

719

-26

-98

-31

*Without project: Before implementation of NICRA project (2011); With project: From 2011 (implementation of NICRA project) to next 20 years
4

Downloaded From IP - 14.139.94.1 on dated 17-Dec-2014

www.IndianJournals.com

Members Copy, Not for Commercial Sale

Carbon Balance and Mitigation Potential of Greenhouse Gas Emissions in Maharashtra

Fig 4 : Impact of improved practices over traditional practices on CO2 emissions (t CO2) in different project villages
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villages with the introduction of mitigation technologies and the
extent was greater in Ahmednagar with highest cropping area
(1600.5 ha) under annual crops when compared to other villages
suggesting that agriculture has a large scope of mitigating the
GHG emissions. Thus, the emissions in turn depend on the land
use, the way it is managed and type of crops taken up. Moreover,
the net flux is found to be approximately balanced. US cropland
changed from a C source to C sink as a result of conservation
tillage (Allmaras et al. 1999).

The results show that in the ‘without project scenario’ there was
GHG emissions of 102657 t CO2e and ‘with project’ scenario,
87763 t CO2e in total from all the villages over 20 years:
CO2 emissions from urea application (3.9% of the total), N2O
emissions from N application on managed soils (29.3% of the
total) and CO2e emissions from production, transportation and
storage of agricultural chemicals (66.7% of the total). Adoption
of integrated nutrient management resulted in reducing GHG
emissions by 3560 t CO2e in Ahmednagar followed by Baramati
(2767 t CO2e), Nandurbar (2272 t CO2e), Gondia (3634 t
CO2e), Amaravathi (1763 t CO2e), Ratnagiri (716 t CO2e) and
Aurangabad (246 t CO2e) over 20 years. Integrated nutrient
management results in increased SOC concentration and stock
through sequestration of atmospheric CO2 (Srinivasarao et al.,
2012a, b).
Perennial crops: Overall, improved annual cropland
management created a net sink of 41847 t CO2e, perennial
cropland management created a net sink of 11030 t CO2e and
input/nutrient management created a net sink of 14958 t CO2e.
This might be attributed to the adoption of sustainable agronomic
practices in a holistic manner. These improved practices increase
crop yields and thus generate higher residues with positive effects
in terms of mitigation (because of increased C biomass and soil
C stocks). Also, increasing available water in the root zone
through water management can enhance biomass production
and integrated nutrient management can reduce emissions onsite by reducing leaching and volatile losses, Improving N
use efficiency through precision farming, improved fertilizer
application timing and need based application according to soil
test values can in turn reduce the emissions.

After green revolution, fertilizers are being increasingly used in
agriculture but the production of fertilizers is energy intensive,
and emits about 1.2% of the world’s total GHGs (Wood and
Cowie, 2004). The EX-ACT module ‘inputs’ also compute the
changes in input use corresponding to the changes in annual crop
management (Table 4). It was observed that the total emissions
(t CO2e) from fertilizer production, transportation, storage and
transfer of agriculture chemicals were also reduced with the
implementation of NICRA project and the major proportion of
the emissions is from the use of nitrogenous fertilizers as this
results in N2O emissions, which has a global warming potential
of ~296 compared to carbon dioxide (Brentrup et al., 2004;
Wood and Cowie, 2004).
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Total mitigation potential by adoption of improved crop practices
in different villages over 20 years is 35755, 30997, 9550, 1159,
8670, 16816 and 2143 t CO2e in Ahmednagar, Amaravathi,
Aurangabad, Gondia, Nandurbar and Ratnagiri respectively.
With an area of 1601.5, 522, 415, 0, 238.1 and 567.7 ha in these
villages, correspond to C sequestration rate of 1.1, 2.9, 1.2, 0,
1.8 t/ha/yr in Ahmednagar, Amaravathi, Aurangabad, Gondia
and 1.5 t/ha/yr of CO2e in Nandurbar and Ratnagiri.

Table 4 : Overall GHG emissions ‘with’ and ‘without’ project due application of different fertilizers and pesticides
Village/district

Fertilizers (t CO2e)
N

Pesticides (t CO2e)

P

K

Insecticides

Fungicides

Without

With

Without

With

Without

With

Without

With

Without

With

Nirmal Pimpri,
Ahmednagar

17146

15784

2570

2187

437

405

785

655

200

100

Takali, Amaravati

7056

6414

2570

2187

437

405

785

655

200

100

Shekta, Aurangabad

4115

3986

1513

1513

246

257

458

425

100

100

Katangtola &
Chadanitola, Gondia

490

148

368

294

784

392

250

268

191

96

Umarani, Nandurbar

5446

4150

960

1104

534

342

360

393

50

50

Baramati, Pune

6232

4987

2042

1682

818

655

295

229

75

64

Haral, Ratnagiri

1450

1193

446

334

239

187

0

0

75

25

*Without project: Before implementation of NICRA project (2011); with project: From implementation of NICRA project (2011) to
next 20 years with an estimation of constant weather conditions as in 2011
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Table 5 : Total GHG mitigated, emitted and overall C
balance in seven villages of Maharashtra
District

Total GHG
mitigated
(t CO2e)

Total GHG
emitted
(t CO2e)

C balance
(t CO2e)

Ahmednagar

-25761

595

-25166

Amaravathi

-21172

11045

-10127

Aurangabad

-8300

1095

-7205

Gondia

-17633

3795

-13838

Nandurbar

-10110

4310

-5800

Baramati

-26188

3127

-23061

Ratnagiri

-6428

1580

-4848

‘-’ indicates sink and ‘+’ indicates source

Total mitigation potential of the selected villages in
Maharashtra
In our study, the interventions (improved agronomic practices,
nutrient management, no tillage, residue and water management,
and manure applications) were successful in reducing the GHG
gas emissions from cropped land and also resulted in increase
in cropped area and land use. Much of the mitigation potential
of project activities was related to agroforestry/perennial crops,
annual crops and afforestation and reforestation (Figure 5).
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Irrigated rice: Rice is the major cereal crop grown in India and
has an important role in methane emissions. The ideal conditions
for methanogenesis are warm, waterlogged soil of rice paddies.
Among the seven villages studied in Maharashtra, only two
villages, Gondia and Ratnagiri were cultivating rice with an area
of 762 ha (without project) and 719 ha (with project) in Gondia
and 70 ha in Ratnagiri. Improved management practices like
intermittent flooding along with the use of organic amendments
(FYM and green manuring) resulted in reducing the total CO2
emissions to 33297 t CO2e (with project) when compared to
48569 t CO2e (without project) in Gondia. On the other hand,
in Ratnagiri, although organic amendments were applied,
continuous flooding resulted in net CO2 emissions of 1580 t
CO2e. Cerri et al. (2009) found that continuous flooding resulted
in methane emissions due to onset of methanogenesis though
the methane flux depends on soil type, texture and fertilizer
additions.

Fig 6 : GHG emissions (%) in different land use
management systems

Conclusion
The EX-ACT analysis indicated that the interventions
implemented under NICRA project were successful in reducing
the GHG emissions and acted as sink of carbon. Initially these
interventions were difficult to implement but later the farmers
adopted these interventions because of additional benefits and
less risk of crop failures, thus ensuring a GHG friendly land
use management and crop production. Among all the sectors,
livestock, other land use change and irrigated rice were
responsible for GHG emissions which require more interventions
to mitigate the emissions while all other sectors were successful
in mitigating the CO2 emissions. The EX-ACT model was
also found to be an effective quantitative tool that identifies
components and activities that can increase the environmental
benefits associated with climate change mitigation. Overall,
these technologies have converted the different land uses from
source to sink for CO2 emissions. The model used in the study
has the advantages of its use for agricultural project appraisal, C
balance computation, to know the mitigation impacts of policies
and value chains can be regularly updated.

Fig 5 : GHG emissions mitigated by adoptions of proven
technologies in different land use management systems
Among all the villages, Baramati and Ahmednagar showed
highest mitigation potential (Table 5). This may be attributed
to the increased area under annual (1000.4 ha in Baramati and
1600.5 ha in Ahmednagar) and perennial crops (100.8 ha in
Ahmednagar). Thus the mitigation potential depends on the
size of the area under vegetation and also the adoption of the
management strategies. It is interesting to note that inputs are
also having mitigation potential. On the other hand, livestock
and other land use changes are the major source of emissions
with 100% of the emissions from livestock in Ahmednagar and
Baramati, and 100% emissions from other land use changes in
Nandurbar (Figure 6).
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