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Abstract:

Population growth and climate change together pose a serious threat to the availability,
accessibility, and security of food in emerging nations. The result of past overexploitation
of natural resources is the climate as it is today. Even the agricultural sector contributed to
it by transforming the naturally diverse nature into a cultivated, uniform area. Through a
disciplined review of the literature, an effort is made to understand the concept and to
pinpoint the linked ideas. The global temperature raised and there was less fresh water
available as a result of increased greenhouse gas emissions. Agricultural practices that
emit carbon dioxide, methane, and nitrous oxides into the atmosphere include burning litter,
anaerobic decomposition of organic matter, rice grown in flooding areas, etc. The effect is
typically lessened by conservation agriculture, intercropping system, cover crop, crop
rotation, effective cropping systems, good crop residue management, and increased nutrient
usage efficiency. Precision farming, the use of slow release fertilisers, effective water
management in rice fields, the use of dung and energy crops, requirement for specific
agroforestry and grazing management practices, and the replacement of fossil fuels with
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crop residues all significantly reduce greenhouse gas emissions. Biochar, a product of the
pyrolysis of plant and animal biomass, increases soil fertility, lowers pollution, and
promotes agricultural residue recycling in addition to sequestering carbon. Henceforth, for
India’s agricultural production systems to be viable into the future there is a need to reduce
the in-field greenhouse gases emissions through climate smart agriculture practices.

Keywords:

Carbon sequestration, Climate change, Climate smart agriculture practices, Conservation
agriculture, Greenhouse gas emission.

12.1 Introduction:

Global climate change is accelerating. As a result, catastrophic weather occurrences like
droughts, floods, heat waves and others are becoming more frequent. The primary
contributor to these occurrences is the growing temperature of Earth's atmosphere, which is
brought on by rising emissions of climate-relevant greenhouse gases (GHGSs), which trap
heat in the atmosphere. Carbon dioxide (CO2), methane (CHa), and nitrous oxide (N2O) are
three major GHGs (Figure 12.1). These GHGs are the most potent gases which trap the
outgoing long wave solar radiations and are the most probable reason for the global climate
change. The major sources of these most dreadful greenhouse gases as given in Table 1
indicated the potential for their reduction.

Table 12.1: Major sources of greenhouse gases and their global warming potential

Gases Global Natural causes Anthropogenic sources
warming

potential for a
100-year time

horizon
Carbon 1 Oceanic-atmosphere  |Combustion of fossil fuels (coal, natural
Dioxide exchange, animal gas, and oil), deforestation, and the
(COy) respiration, soil cultivation of land, agricultural and animal
microbial respiration, |leftovers.
plants, and volcanic
eruptions.
Methane 21 Wetlands, termite landfills, paddy fields, enteric emission
(CH,) activity, and the ocean |from ruminants, and the production and
use of fossil fuels, and methanogenic
archaea by anaerobic mineralization.
Nitrous 310 Oceans and soils under |Intensification in agriculture, increased use
oxide (N.0) natural vegetation of synthetic fertilizers, inefficient use of

irrigation water, the deposit of animal
wastes (urine and dung) from grazing
animals, ineffective application of animal
manures and techniques increasing soil
organic N mineralization.
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Figure 12.1: Contribution of different Sectors in Greenhouse Gases Emission

Agriculture contributes significantly to greenhouse gas emissions that drive climate change
and is a direct victim of it. According to [1], 37.6% of the world's land area is covered by
agricultural lands, and this sector is a substantial source of GHG emissions.

CO;, CH4, and N2O are the main trace gas types that contribute most to the global warming
impact. Agricultural soil management (such as tillage), the use of synthetic and organic
fertilizers, dairy management, the burning of fossil fuels for agricultural operations, and
crop residues burning are all factors that contribute to agricultural GHG emissions (Figure
12.2). According to [2], agriculture may be the source of 52% and 84%, respectively, of the
world's anthropogenic CH4 and N2O emissions. Certainly, advanced approaches are needed
to minimize agricultural emissions of CHs and N;O since they have substantially larger
global warming potentials than CO- based on per unit mass and a 100-year time frame.
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Figure 12.2: Representation of direct and indirect GHG emissions from crop
production
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Human settlement in previously uninhabited areas results in the conversion of natural
ecological systems to agricultural production, which results in the loss of 20—40% of the
soil organic carbon (SOC) after cultivation, with the majority of that loss happening during
the first couple of years [3]. This conversion also increases levels of GHG emissions.
According to a recent estimate, since agriculture began roughly 12,000 years ago, 133
billion tonnes of SOC, or about 8% of the total worldwide SOC stock, have been lost from
the top two meters of soil, with the rate of loss sharply increased since the beginning of the
industrial era [4]. According to the study, farmland suffered a bigger overall proportion of
SOC loss than grazing land, despite grazing on more than twice as much land overall. This
suggests that while agriculture has a better ability to boost SOC gain, grazing land has a
greater capacity to increase SOC storage overall.

Since the soil and vegetation retain approximately three times the amount of organic carbon
of the atmosphere [5], slight variations in the organic carbon stock in the soil and vegetation
may have a significant impact on the global carbon dioxide concentration. As a result,
significant attempts must be created to improve SOC storage in terrestrial environments and
to decrease GHG emissions from these systems. In managed systems, management practices
including not burning agricultural waste after harvest and using compost, charcoal, and
animal dung to improve organic C input to the soil can boost SOC storage.

The fact that agriculture is a major source of GHGs and much of the carbon in the soil gets
lost through cultivation. But the agricultural sector offers a significant opportunity to reduce
anthropogenic sources of greenhouse gas emissions and boost soil carbon storage.

If permanent vegetation can be sustained, soil carbon storage could rise, benefiting from the
C cycle becoming more closed in the system and the soil being able to capture more carbon.
For instance, agricultural management practices can be enhanced in order to reduce
disturbance to the soil by reducing the frequency and extent of cultivation as a way to
minimize soil C loss and to increase soil C storage.

By strategically applying fertilizers, one can increase fertilizer nitrogen use efficiency
(NUE) and decrease nitrogen loss, including gaseous and leached forms of nitrogen loss [6].
Additionally, management actions can be implemented to reduce the burning of agricultural
biomass. Climate-smart agriculture (CSA) management practices, which include the
strategic use of synthetic and organic fertilizers, conservation tillage, use of cover crops,
and the addition of lime, biochar, and nitrification inhibitors to agricultural fields, can help
to reduce GHG emissions from agriculture [7].

According to the [8], CSA is defined as a systematic approach for designing agricultural
policies that can provide sustainable food security. Based on this concept, a variety of
agricultural techniques can be created to aid in enhancing both environmental and food
security at the same time in relation to global change. Since soil can act as a sink or source
of COand influence climate change if we can strengthen the carbon sink and remove more
CO; from the atmosphere by implementing CSA, we will be in an advantageous position in
not only battling the adverse impacts of climate change but also reducing emission of
greenhouse gases emission and enhancing soil quality and health, which includes nutrient
and water retention, and increasing agricultural productivity [9].
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12.2 Agriculture Practices to Reduce In-field Green House Gas Emissions:

There are various areas in agriculture which contribute differently to the GHG emissions
(Figure 12.3.). Thus, it is very important to prioritize those areas for reduction of GHG
emissions.

H Enteric fermentation
H Rice cultivation

i Agri soils

H Manure management
LI Non-rice croplands

i Biomass burning

i Others

Figure 12.3: Contribution of different agriculture sectors to greenhouse gas emissions

Agriculture has the ability to reduce GHG emissions at a low cost by changing agricultural
methods and management techniques. Different agriculture practices focuses on enhanced
risk management, improving information flows, and encouraging local institutions to
increase the community's adaptive capacity to climate change [10]. The following are some
agricultural practices that help to reduce in-field greenhouse gas emissions:

12.2.1 Adoption of Conservation Tillage Practices:

Contrarily, conservation tillage (CT) systems focus on retaining and managing crop residue
while minimizing disturbance to the soil by limiting any field preparation operations to a
shallow depth and preventing soil inversion [11]. They include non-inversion tillage, eco-
tillage, minimal tillage, mulch tillage, reduced tillage, zone tillage, or no-tillage. A
minimum of 30% of the earlier crop residues should still be visible on the soil surface,
according to CT [12].

Adopting CT can increase soil organic matter (SOM), lower CO; emissions, and improve
SOC sequestration, especially when combined with agricultural residue retention. When
compared to conventional ploughing, conservation tillage has been proven to produce more
soil that is present in macro-aggregates and more carbon that is connected with micro-
aggregates [13]. Increased biological activity in such soils is the source of the increased
aggregate strength under CT management [14], and residues that leave on the soil surface
provide additional protection, slowing down the degradation of the top soil particles [15].
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Compared to normal tillage, no-tillage greatly lowered the release of methane from fields
of rice. By increasing soil bulk density and inhibiting the breakdown of organic matter, no-
tillage reduces the volume percentage of big pores and methane emissions. Conservation
tillage has a higher near-surface soil C content than conventional tillage because it keeps
more plant remains on the soil surface, especially in cool, humid climates [16]. In
comparison with residues that are thoroughly mixed into the soil through standard tillage
practices, the degradation of plant residues may occur more slowly under these
circumstances due to the reduced soil-residue contact. Conservation agriculture has the
ability to increase the use efficiency of resources that are renewable, including water, air,
fossil fuels, and soil through the adoption of resource-conserving technologies like zero or
minimum tillage with direct planting, permanent or semi-permanent residue cover, and
rotations of crops. By maintaining the base of available resources and reducing GHG
emissions, the technologies can enhance the sustainability of agriculture. By carbon
accumulation inside the small macro aggregates and micro aggregates at the 5-15 cm depth,
tillage intensity and frequency were reduced, increasing soil carbon [17].

12.2.2 Agronomic Practices:

Intercropping, as a traditional multi-cropping system, has been well proven to improve crop
production and fertilizer use efficiency by utilizing niche crop and seasonal differentiation,
as well as advantageous relationships between species when handled properly [18].
Intercropping thus becomes critical for achieving the dual goals of boosting crop yields and
lowering GHG emissions [19]. Many researches have shown that a cereal-legume system
reduces soil CO, and N.O emissions when compared with monoculture [20]. Soil
physicochemical properties and microbial community diversity are changed with increased
crop diversification, resulting in changes in soil N2O emissions [21]. Intercropping regimens
that use various legume species and cultivars might also cause differences in N,O emissions
[22]. In contrast to typical monocropping, maize farming, nitrogen fixation of legume crops
and nitrogen transport between maize and legume crops greatly altered the nitrogen cycle
in intercropping systems. Maize-peanut intercropping was observed to reduce soil N2O
emissions by 13% when compared to maize monoculture [23]. This could be linked to
increased nitrogen utilization efficiency in cereal-legume intercropping.

Cover crops are a common agronomic strategy that can reduce nutrient losses, such as soil
inorganic N, and improve carbon dioxide (CO2) sequestration. Legumes, grasses, mustards,
or mixer of those species can be cultivated as cover crops to increase soil quality, reduce
harmful soil erosion, increase soil structure and fertility, control pests, and reduce the loss
of nutrients from the root zone [24]. In comparison to winter fallows, a combination of
cereal rye (Secale cereale L.) and hairy vetch (Vicia villosa Roth) drilled into crop stubble
every year increased soil organic carbon, nutrient retention, and water aggregate stability,
according to research by [25]. By absorbing nitrogen and storing it in their biomass, a
number of cover crop species have been demonstrated to reduce soil N-NOs levels [26].

This reduces the amount of nitrogen that can enter rivers or be released to the atmosphere
via gaseous pathways. Because the reduction in soil water would not favour circumstances
of denitrification via which N,O might be formed, cover crops can also reduce N.O
production by absorbing soil moisture in their living plant tissue [27]. Following cover crop
suppression, the mineralization or immobilization of the residue N would be made possible

171



Climate Smart Agriculture: Principles and Practices

by the breakdown of cover crop residues in the presence of oxygen. Use of crop rotation is
another mitigating strategy discovered to lower N>O emissions. A corn-soybean rotation
lowered N2O emissions by 35% compared to continuous corn, and it also increased yield
by 20% [28].

The key to lowering the system's total footprint is to grow crops with minimal production
input requirements and those that produce a lot of straw and roots for the soil to absorb
carbon. According to [29], switching from the conventional double-rice system of
cultivation to a more diversified structure that included upland crops lowered irrigation
water consumption in the dry season by about 70% and lowered CH,4 emissions by 97%
without having adverse economic impact. System carbon footprints can be decreased by up
to 250% in more intensive systems with less frequent summer-fallow in the rotation. When
summer-fallow is replaced with fodder or grain legume as opposed to an approach with a
high frequency of summer-fallow, farming income can more than quadruple [30].

In the summer fallow-cereal cropping system, where substantial increases in inputs of
carbon were accomplished using currently available legume species, green manuring played
a significant role in increasing soil carbon levels [31].

Increasing cropping frequency in order to minimize bare fallow was also found to improve
soil carbon sequestration [32], including perennial forages like lucerne (Medicago sativa
L.). Due to larger belowground biomass carbon input and ongoing root growth compared to
annual cropping systems [33], increased dryland soil carbon sequestration and biological
soil quality were achieved by increasing microbial biomass and activity [34].

Additionally, building agroforestry systems, or the production of crops, livestock, and tree
biomass on the same plot of land, can successfully boost SOC sequestration [35]. This is
done by planting trees with high roots-to-aboveground biomass ratios and trees that fix
nitrogen. It consists of woody species-filled riparian zones and buffer strips as well as
shelter belts. Planting trees may also boost soil carbon sequestration. The standing stock of
carbon above ground is typically greater than the equivalent land use without plants. To
increase carbon sequestration rates and the mechanisms causing SOC to stabilize in soil
profiles, detailed agroforestry management techniques are required.

12.2.3 Reduce Enteric Fermentation Through New Technologies:

Approximately one-third of all anthropogenic CH, emissions worldwide are produced by
livestock, primarily ruminants like cattle and sheep [36]. Eructation is used to expel the
methane, which is predominantly produced by enteric fermentation. Because N is excreted
in urine and faeces, all cattle produce N.O emissions from manure. In order to lessen these
CH, and N2O emissions, try the following:

¢ Improved feeding practices- Feeding more concentrates which often replace forages
can lower methane emissions. [37] recommend improving pasture quality by including
specific oils or oilseeds in the diet to increase animal productivity and decrease the
amount of energy lost as CH4 as well as optimising protein intake to lower nitrogen
excretion and N,O emissions [38].
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e Specific agents and dietary additives- Antibiotics called ionophores contribute to
reducing methane emissions. Halogenated substances suppress methanogenic bacteria,
although they can also have adverse effects like lower intake and their effects are
frequently transient. Probiotics, like yeast culture, have only had minor, negligible
impacts, but choosing strains particularly for their capacity to reduce methane could
lead to better outcomes [39]. Fumarate and malate, two precursors of propionate, serve
as substitute hydrogen acceptors to lessen methane synthesis [40]. Propionate
precursors are pricey nevertheless because the response is only evoked at large doses
[41]. Bovine somatotropin (bST) and hormonal growth implants can lower emissions
per kilogram of the animal product even if they do not explicitly suppress the creation
of CH..

e Longer-term management changes and animal breeding- Methane production per
unit of animal product is frequently decreased by improving productivity through
breeding and better management techniques, such as a decrease in the total number of
replacement heifers [42]. Meat-producing animals become slaughter weight earlier and
have lower lifetime emissions thanks to increased efficiency.

12.2.4 Soil Amendments for Reducing GHG Emissions:

Mulches- Mulch will alter the amount of carbon (C) and other minerals that are available
to microbial communities, which will have an impact on soil GHG emissions. In addition
to controlling the temperature of the soil systems, mulches preserve soil moisture [43].
However, too much straw applied to the soil's surface can hinder seed germination,
necessitating the administration of additional fertilizer to make up for any N that may
become immobilized during the crucial early period of growth [44]. When it comes to CO>
emissions, mulching typically causes an increase because labile C is added to the mulch,
and the rate of CO; emissions rises as the rate of mulch addition increases. In comparison
to adding no mulch, adding mulch can immobilise mineral N in the soil, lower the
availability of NH, for nitrification and NO; for denitrification, and therefore minimise N,O
emissions.

Biochar- The cycling of C and N is one of soil properties that can be altered by adding
biochar. According to numerous reports, applying biochar can lower N2O emissions [45].
By aiding the final stage of denitrification and increasing the production of N rather than
N2O, biochar lowers N.O emissions [46]. A significant amount of crop residues are
produced in farming operations, and the return of crop residues in the raw state vs after the
crop residue has been transformed to biochar can have a significant impact on the emissions
of all three trace gases.

12.2.5 Improved Manure Management:

Livestock urine and manure are substantial producers of methane and nitrous oxide when
decomposed under anaerobic conditions. When the nitrogen in animal manure is nitrified
and then denitrified, nitrous oxide is created [47]. When manure is kept in big heaps or
settlement ponds to handle the waste from numerous animals kept in a small space (such as
dairy farms, cattle feedlots, pigteries, and poultry farms), anaerobic conditions sometimes
develop [48]. Aeration and composting of manure stockpiles lower methane emissions.
Nitrous oxide emissions can be decreased by adding urease inhibitors to manure heaps.
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Urease inhibitors are chemical additives that slow down or prevent the conversion of urea
found in animal urine and manure to nitrous oxide [49].

12.2.6 Fertilizer Management:

Agricultural management practices, such as nitrogen in splits and the use of controlled-
release fertilizers have greatly influenced the crop production and nitrogen use efficiency
by balancing the nitrogen demand of crops and the nitrogen availability of soils [50]. The
effects of these practices on greenhouse gases emissions, particularly in systems of
intercropping have not yet been thoroughly assessed. The largest contributor of GHG
emissions was discovered to be fertilization with irrigation. Therefore, applying nitrogen in
three splits and using a slow-release fertilizer may be an easy and efficient way to increase
grain output while lowering GHG emissions [51].

12.2.7 Rice Management and Varieties:

Climate change is a crucial environmental problem for the twenty-first century since it
might have a large impact on rice productivity and speed up the paddy ecosystem's
greenhouse gas emissions, both of which are extremely concerning for the environment.
Due to rice fields' advantageous production, consumption, and transportation systems, CH,
and N,O gases are released concurrently into the environment. Because of the enormous
pressure that the intensive rice farming system places on rice fields to grow more rice in
order to feed the growing global population [52].

Soil fertility is declining, and the ecological balance of the rice paddy is being disrupted by
increased CO,, CH4, and N2O fluxes into the atmosphere. Extreme weather conditions like
high temperatures, high water vapour or relative humidity, and drought stress may severely
stifle beneficial microbial activity, soil nutrients, and water availability to rice plants; as a
result, rice yield may decline noticeably while greenhouse gas emissions may rise
noticeably [53]. In this situation, field-level farmers should be taught about conservation
tillage, water-saving irrigation techniques like alternate wetting and drying, soil
amendments with biochar, vermicompost, azolla-cyanobacterial mixture, recommended
silicate slag, and phospho-gypsum with minimum NPKSZn fertiliser (IPNS), and more.
Another crucial step in lowering methane production is the removal of rice straw from the
field before re-flooding [54]. Straw can also be used to grow mushrooms or produce
bioenergy, among other useful uses.

Reduce duration of flooding to reduce growth of methane-producing bacteria. In the middle
of the growing season, farmers can temporarily lower water levels or sow rice on land that
is initially dry rather than flooded [55]. Direct seeded rice is also recommended instead of
transplanted rice to reduce the methane emission from the field [56]. The DSR and SRI
crops do not require continuous soil submergence, and therefore reduce or totally eliminate
methane emission when rice is grown as an aerobic crop. The DSR and SRI have potential
to reduce the GWP by about 35-75% compared to the conventional puddled transplanted
rice [57]. Grow rice with less methane as well. However, these characteristics have not been
developed into the majority of commercial cultivars. A few extant types leak less methane
than others, and researchers have demonstrated great experimental promise.

174



Agriculture Practices to Reduce In-Field Greenhouse Gas Emissions

12.2.8 Increase Agricultural Energy Efficiency and Shift to Non-Fossil Energy
Sources:

By 2050, agricultural emissions from the usage of fossil fuels will still be at 1.6 Gt
COgelyear. The methods for mitigating energy emissions are similar to those used to lower
them in other industries; they rely on improving efficiency and transitioning to renewable
energy sources. On-farm energy use will account for 65 percent of anticipated agricultural
energy emissions in 2050. Solar and wind energy may frequently be used to generate
electricity and heat, though it will take creative, small-scale solar heating systems to replace
on-farm coal. It will be more challenging to reduce the use of diesel fuel by tractors and
other large machinery, and it might be necessary to switch to fuel cells that use hydrogen
energy produced by solar or wind energy. Alternative technologies could include battery-
powered devices and artificial carbon-based fuels produced from renewable electricity.
Additionally, since the synthesis of nitrogen fertilizer currently requires a lot of energy,
renewable sources of hydrogen might eliminate 85% of the emissions that result from this
process. Fortunately, extensive research is being done on the manufacture of hydrogen using
electricity from solar energy, and the price of solar electricity has been falling quickly due
to the needs of other sectors. Even with efficiency benefits incorporated into our baseline,
significant work is still necessary [58].

12.1.9 Focus on Realistic Options to Sequester Carbon in Soils:

Due to the difficulty of reducing agricultural production emissions, significant research and
policy emphasis has been focused on techniques to trap carbon in agricultural soils to
balance such emissions. There are just two options for increasing soil carbon: add more or
lose less. However, new research and experience show that soil carbon sequestration is more
difficult to perform than originally anticipated [59]. Ploughing practices that originally
appeared to avoid soil carbon losses, such as no-till, now appear to give relatively minor or
no carbon benefits when assessed at greater soil depths than earlier reported. No-till tactics
must also struggle with negative effects on yields in particular areas, as well as the reality
that numerous no-till farmers still plough up soils every few years, releasing much of the
carbon gain [60]. Adding mulch or manure to soils are proposed carbon-addition solutions,
however, they effectively double-count the carbon that would have influenced carbon
storage elsewhere. Allowing crop wastes that would otherwise be used for animal feed to
become soil carbon necessitates that the animals' feed comes from other sources, which has
a carbon cost because growing that feed often necessitates more agricultural land [61, 62].

12.3 Conclusion:

Good agriculture practices, with an emphasis on climate change adaptation and mitigation,
can take many different forms. The climate smart agriculture practices have many roles to
play in agricultural sustainability and in reducing in-field GHG emissions, as well as in
increasing soil carbon sequestration. Practices such as the use of conservation tillage, crop
rotations, application of biochar to the soil, use of soil amendments, nitrification and urease
inhibitors, mulching, fertilization management and use of intercropping are all options
available to landowners to effectively adapt to and mitigate regional to global climate
change. Thus, we have to improve the existing ways to mitigate greenhouse gases through
better land based agricultural practices without compromising the food production.

175



Climate Smart Agriculture: Principles and Practices

12.4 References:

1.

10.

11.

12.

13.

14.

15.

16.

IPCC (2014) Climate Change (2014) synthesis report. In: Core Writing Team, Pachauri
RK, Meyer LA (eds) Contribution of working groups I, Il and 111 to the fifth assessment
report of the intergovernmental panel on climate change. IPCC, Geneva, Switzerland,
pp 151

Smith P, Martino D, Cai Z, Gwary D, Janzen H, Kumar P, Smith J. 2008. Greenhouse
gas mitigation in agriculture. Philosophical transactions of the royal Society B:
Biological Sciences. 363(1492): 789-813.

Davidson EA, Ackerman IL. 1993. Changes in soil carbon inventories following
cultivation of previously untilled soils. Biogeochemistry 20:161-193.

Sanderman J, Hengl T, Fiske GJ. 2017. Soil carbon debt of 12,000 years of human land
use. PNAS USA 114:9575-9580.

FAO. 2004. Carbon sequestration in dryland soils. World Soil Resources Reports 102.
FAO, Rome, Italy, pp 108.

Jha AK, Yadav PS, Shrivastava A, Upadhyay AK, Sekhawat LS, Verma B, Sahu MP.
Effect of nutrient management practices on productivity of perennial grasses under high
moisture condition. AMA, Agricultural Mechanization in Asia, Africa and Latin
America. 2023;54(3): 12283-12288.

Bai XX, Huang YW, Ren W, Coyne M, Jacinthe PA, Tao B, Hui DF, Yang J, Matocha
C. 2019. Responses of soil carbon sequestration to climate-smart agriculture practices:
A meta-analysis. Glob Chang Biol 25:2591-2606.

FAO. 2013. Climate-smart agriculture sourcebook. Food and Agriculture Organization
of the United Nations, Rome, Italy, p 570.

Verma, B., Porwal, M., Agrawal, K. K., Behera, K., Vyshnavi, R. G., & Nagar, A. K.
(2023). Addressing Challenges of Indian Agriculture with Climate Smart Agriculture
Practices, Emrg. Trnd. Clim. Chng. 2(1), 11-26. doi: http://dx.doi.org/10.18782/2583-
4770.121

Campbell BM, Thornton P, Zougmore R, van Asten P, Lipper L. 2014. Sustainable
intensification: What is its role in climate smart agriculture? Curr Opin Environ Sustain
8:39-43.

Cunningham MH, Chaney K, Bradbury RB, Wilcox A. 2004. Non-inversion tillage and
farmland birds: a review with special reference to UK and Europe. Ibis, 146(Suppl. 2),
192-202.

Gautam, Avinash & Shrivastava, A. & Jha, Amit. (2021). Design Parameters of Tractor
Drawn Pressurized Aqueous Fertilizer Drill. Ama, Agricultural Mechanization in Asia,
Africa & Latin America. 52. 54.

He J, Li H, Rasaily RG, Wang Q, Cai G, Su Y, Qiao X & Liu L. 2011. Soil properties
and crop yields after 11 years of no tillage farming in wheat—maize cropping system in
North China Plain. Soil & Tillage Research, 113, 48-54.

Tisdall JM, Oades JM. 1982. Organic matter and water-stable aggregates in soils.
European Journal of Soil Science, 33, 141-163.

Zhang GS, Chan KY, Oates A, Heenan DP, Huang GB. 2007. Relationship between
soil structure and runoff/soil loss after 24 years of conservation tillage. Soil & Tillage
Research, 92, 122— 128.

Drury CF, Reynolds WD, Tan CS, Welacky TW, McLaughlin NB. 2006. Emissions of
nitrous oxide and carbon dioxide: influence of tillage type and nitrogen placement
depth. Soil Science Society of America Journal, 70, 570-581.

176



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Agriculture Practices to Reduce In-Field Greenhouse Gas Emissions

Garcia-Franco N, Albaladejo J, Almagro M, Martinez-Mena M. 2015. Beneficial
effects of reduced tillage and green manure on soil aggregation and stabilization of
organic carbon in a Mediterranean agroecosystem. Soil Tillage Res 153:66-75.
d0i:10.1016/j.still.2015.05.010.

Sisodiya Jitendra, Sharma PB, Verma Badal, Porwal Muskan, Anjna Mahendra, Yadav
Rahul. Influence of irrigation scheduling on productivity of wheat + mustard
intercropping system. Biological Forum — An International Journal. 2022;14(4):244-
247,

Cong W, Zhang C. Li C. Wang G. Zhang F. 2021. Designing diversified cropping
systems in china: Theory, approaches, and implementation. Front. Agric. Sci. Eng. 8:
362-372.

Shen Y, Peng S, Huang J, Dong W, Chen Y. 2018. Greenhouse gas emissions from soil
under maize—soybean intercrop in the North China Plain. Nutr. Cycl. Agroecosys. 110:
451-465.

Linton NF, Machado P, Deen B, Wagner-Riddle C, Dunfield KE. 2020. Long-term
diverse rotation alters nitrogen cycling bacterial groups and nitrous oxide emissions
after nitrogen fertilization. Soil Biol. Biochem. 149: 107917.

Pappa VA, Rees RM, Walker RL, Baddeley JA, Watson CA. 2011. Nitrous oxide
emissions and nitrate leaching in an arable rotation resulting from the presence of an
intercrop. Agric. Ecosyst. Environ. 141: 153-161.

Ma X, Wu H, Yang G, Zhang X, Chai Y, Yang H, Sun Q, Zhang Q, Shen W. 2020.
Effects of cultivation patterns on greenhouse gases emissions and yield in corn field.
Environ. Sci. Technol. 43: 71-77.

Kaspar TC, Jaynes DB, Parkin TB, Moorman TB, Singer JW. 2012. Effectiveness of
oat and rye cover crops in reducing nitrate losses in drainage water. Agricultural Water
Management. 110: 25-33.

Villamil MB, FE Miguez, GA Bollero. 2008. Multivariate analysis and visualization of
soil quality data for no-till systems. J. Environ. Qual. 37: 2063— 2069.

Drury CF, Tan CS, Welacky TW, Reynolds WD, Zhang TQ, Oloya TO, ... & Gaynor
JD. 2014. Reducing nitrate loss in tile drainage water with cover crops and water-table
management systems. Journal of Environmental Quality, 43(2), 587-598.

Basche AD, Archontoulis SV, Kaspar TC, Jaynes DB, Parkin TB, Miguez FE. 2016.
Simulating long-term impacts of cover crops and climate change on crop production
and environmental outcomes in the Midwestern United States. Agric Ecosyst Environ
218, 95-106.

Behnke GD, Zuber SM, Pittelkow CM, Nafziger ED, Villamil MB. 2018. Long-term
crop rotation and tillage effects on soil greenhouse gas emissions and crop production
in Hlinois, USA. Agriculture, Ecosystems & Environment, 261, 62-70.

Weller S, Janz B, Jorg L, Kraus D, Racela HSU, Wassmann R, Butterbach-Bahl K,
Kiese R. 2016. Greenhouse gas emissions and global warming potential of traditional
and diversified tropical rice rotation systems. Glob Chang Biol 22:432-448.

Jha AK, Shrivastva A, Raghuvansi NS, Kantwa SR. Effect of weed control practices on
fodder and seed productivity of Berseem in Kymore plateau and Satpura hill zone of
Madhya Pradesh. Range Management and Agroforestry. 2014;35(1):61-65.

Curtin D, Wang H, Selles F, Zentner RP, Biederbeck VO, Campbell CA. 2000. Legume
green manure as partial fallow replacement in semiarid Saskatchewan: effect on carbon
fluxes. Can J Soil Sci 80:499-505.

177



Climate Smart Agriculture: Principles and Practices

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Hurisso TT, Norton JB, Norton U. 2013. Soil profile carbon and nitrogen in prairie,
perennial grass-legume mixture and wheat-fallow production in the central High Plains,
USA. Agric Ecosyst Environ 181:179-187.

Jha, A. K., Kewat, M. L., Upadhyay, V. B., & Vishwakarma, S. K. (2011). Effect of
tillage and sowing methods on productivity, economics and energetics of rice (Oryza
sativa)-wheat (Triticum aestivam) cropping system. Indian Journal of Agronomy,
56(1), 35-40.

Sainju UM, Lenssen AW. 2011. Dryland soil carbon dynamics under alfalfa and durum-
forage cropping sequences. Soil Tillage Res 113:30-37.

Negash M, Kanninen M. 2015. Modeling biomass and soil carbon sequestration of
indigenous agroforestry systems using CO2FIX approach. Agric Ecosyst Environ
203:147-155. doi:10.1016/j.agee.2015.02.004.

US-EPA, 2006a: Global Anthropogenic Non-CO2 Greenhouse Gas Emissions: 1990-
2020. United States Environmental Protection Agency, EPA 430-R-06-003, June 2006.
Washington, D.C., <

http://www.epa. gov/nonco2/econ-inv/downloads/Global AnthroEmissionsReport.pdf
> accessed 26 March 2007.

Alcock D, RS Hegarty. 2006. Effects of pasture improvement on productivity, gross
margin and methane emissions of a grazing sheep enterprise. In Greenhouse Gases and
Animal Agriculture: An Update. C.R. Soliva, J. Takahashi, and M. Kreuzer (eds.),
International Congress Series No. 1293, Elsevier, The Netherlands, pp. 103-106.
Clark H, C Pinares, C de Klein. 2005. Methane and nitrous oxide emissions from grazed
grasslands. In Grassland. A Global Resource, D. McGilloway (ed.), Wageningen
Academic Publishers, Wageningen, The Netherlands, pp. 279-293.

Newbold CJ, LM Rode. 2006. Dietary additives to control methanogenesis in the
rumen. In Greenhouse Gases and Animal Agriculture: An Update. C.R. Soliva, J.
Takahashi, and M. Kreuzer (eds.), International Congress Series No. 1293, Elsevier,
The Netherlands, pp. 138-147.

Newbold CJ, JO Ouda, S L6pez N, Nelson H, Omed RJ, Wallace, AR Moss. 2002.
Propionate precursors as possible alternative electron acceptors to methane in ruminal
fermentation. In Greenhouse Gases and Animal Agriculture. J. Takahashi and B.A.
Young (eds.), Elsevier, Amsterdam, pp. 151-154.

Newbold CJ, S Lopez, N Nelson, JO Ouda, RJ Wallace, AR Moss. 2005. Proprionate
precursors and other metabolic intermediates as possible alternative electron acceptors
to methanogenesis in ruminal fermentation in vitro. British Journal of Nutrition, 94, pp.
27-35.

Boadi DC, Benchaar J, Chiquette, D Massé. 2004. Mitigation strategies to reduce
enteric methane emissions from dairy cows: update review. Canadian Journal of Animal
Science, 84, pp. 319-335.

Sahu MP, Kewat ML, Jha AK, Sondhia S, Choudhary VK, Jain N, et al. Weed
prevalence, root nodulation and chickpea productivity influenced by weed management
and crop residue mulch. AMA, Agricultural Mechanization in Asia, Africa and Latin
America. 2022;53(6): 8511-8521.

Prochézkova B, Hruby J, Dovrt’el J, Dostal O. 2003. Effects of different organic
amendment on winter wheat yields under long-term continuous cropping. Plant Soil
Environ 49:433-438.

178



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Agriculture Practices to Reduce In-Field Greenhouse Gas Emissions

Wu FP, Jia ZK, Wang SG, Chang SX, Startsev A. 2013. Contrasting effects of wheat
straw and its biochar on greenhouse gas emissions and enzyme activities in a
Chernozemic soil. Biol Fert Soils 49:555-565.

Cayuela ML, Sanchez-Monedero MA, Roig A, Hanley K, Enders A, Lehmann J. 2013.
Biochar and denitrification in soils when, how much and why does biochar reduce N20
emissions? Sci Rep 3:1732.

Gerber PJ, Hristov AN, Henderson B, Makkar H, Oh J, Lee C, Meinen R, Montes F,
Ott T, Firkins J, Rotz A, Dell C, Adesogan AT, Yang WZ, Tricarico JM, Kebreab E,
Waghorn G, Dijkstra J, Oosting S. 2013. Technical options for the mitigation of direct
methane and nitrous oxide emissions from livestock: A review. Animal, 7, 220-234.
Petersen Sgren, Blanchard Mélanie, Chadwick Dave, Del Prado, Agustin, Edouard
Nadége, Mosquera J, Sommer SG. 2013. Manure management for greenhouse gas
mitigation. animal. 7.

Herrero M, Henderson B, Havlik P, Thornton PK, Conant RT, Smith P, Wirsenius S,
Hristov A, N Gerber, P Gill, M Butterbach-Bahl, K Valin, H Garnett T, Stehfest E.
2016. Greenhouse gas mitigation potentials in the livestock sector. Nature Climate
Change, 6(5), 452-461.

Pathak H. 2010. Mitigating greenhouse gas and nitrogen loss with improved fertilizer
management in rice: quantification and economic assessment Nutr Cycl Agroecosyst.
87: 443-454.

Islam SMM, Gaihre YK, Islam MR, Ahmed MN, Akter M, Singh U, Sander BO. 2022.
Mitigating greenhouse gas emissions from irrigated rice cultivation through improved
fertilizer and water management. J Environ Manage. 1; 307:114520.

Shukla S, Agrawal SB, Verma B, Anjna M, Ansari T. Evaluation of different doses and
modes of application of ferrous ammonium sulfate for maximizing rice production.
International Journal of Plant & Soil Science. 2022;34(23):1012-1018.

Pathak H, Bhatia A, Jain N. 2014. Greenhouse Gas Emission from Indian Agriculture:
Trends, Mitigation and Policy Needs. Indian Agricultural Research Institute, New
Delhi, xvi+39 p.

Balakrishnan Divya, Kulkarni Kalyani, Latha PC, Subrahmanyam D. 2018. Crop
improvement strategies for mitigation of methane emissions from rice. Emirates Journal
of Food and Agriculture. 30(6): 451-462.

Verma B, Bhan M, Jha AK, Khatoon S, Raghuwanshi M, Bhayal L, Sahu MP, Patel
Rajendra, Singh Vikash. Weeds of direct- seeded rice influenced by herbicide mixture.
Pharma Innovation. 2022;11(2): 1080-1082.

Verma B, Bhan M, Jha AK, Singh V, Patel R, et al. Weed management in direct-seeded
rice through herbicidal mixtures under diverse agro ecosystems. AMA, Agricultural
Mechanization in Asia, Africa and Latin America. 2022;53(4):7299- 7306.

Pathak H. 2015. Greenhouse Gas Emission from Indian Agriculture: Trends, Drivers
and Mitigation Strategies. Proc Indian Natn Sci Acad 81 No. 5 December 2015 pp.
1133-1149.

Horowitz John, Jessica Gottlieb. 2010. The Role of Agriculture in Reducing
Greenhouse Gas Emissions, EB-15, U.S. Department of Agriculture, Economic
Research Service.

Paustian K, Larson E, Kent J, Marx E, Swan A. 2019. Soil C Sequestration as a
Biological Negative Emission Strategy. Front. Clim. 1:8.

Lal R. 2004. Soil carbon sequestration to mitigate climate change. Geoderma. 123(1-
2): 1-22.

179



Climate Smart Agriculture: Principles and Practices

61. Porwal, M., & Verma, B. (2023). Agronomic Interventions for the Mitigation of
Climate Change, Emrg. Trnd. Clim. Chng. 2(1), 27-39. doi:
http://dx.doi.org/10.18782/2583-4770.122

62. Hussain S, Hussain S, Guo R, Sarwar M, Ren X, Krstic D, Aslam Z, Zulifgar U, Rauf
A, Hano C, El-Esawi MA. 2021. Carbon Sequestration to Avoid Soil Degradation: A
Review on the Role of Conservation Tillage. Plants. 10(10): 2001.

180


http://dx.doi.org/10.18782/2583-4770.122

