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ABSTRACT 
Carbon farming is a critical intersection of agriculture and climate change mitigation, aiming 
to reduce greenhouse gas emissions while sequestering carbon in agricultural landscapes. This 
practice entails using sustainable farming methods to increase soil carbon storage, such as 
cover cropping, reduced tillage, agroforestry, and improved grazing management. Farmers who 
integrate these techniques can not only improve soil health and agricultural productivity, but 
also make a significant contribution to global efforts to combat climate change. India, with its 
vast  agricultural  landscape,  can  benefit  from  carbon  farming  by  improving  soil  health, 
increasing crop yields, and ensuring food security for its growing population. Economic 
incentives, such as carbon credits and markets that reward sustainable practices, provide 
additional motivation to Indian farmers. This review paper explores the principles and practices 
of carbon farming, as well as the policy frameworks that encourage its adoption. It highlights 
the institutional support available, such as government programs, research initiatives, and 
extension services aimed at promoting sustainable agriculture. However, Indian farmers face 
unique  challenges  and   barriers  when  implementing  these  practices,  including  small 
landholdings, a lack of awareness, and financial constraints. Institutions play an important role 
in  overcoming  these  barriers  by  providing  technical  assistance,  financial  support,  and 
education.  Strong  research,  education,  and  policy  support  are  required  to  realise  carbon 
farming's full potential in creating a sustainable and resilient agricultural sector in India. 
Keywords: Agricultural productivity, carbon farming, greenhouse gases, resilient, sustainable 
agriculture, 
INTRODUCTION 
Agriculture faces numerous challenges today, including significant contributions to climate 
change through greenhouse gas emissions and the depletion of soil health. The conventional 
farming erodes the soil structure, decreases organic cover, and reduces water-holding capacity 
thereby lowering crop yields and making the farming area more susceptible to drought (Arriaga 
et al., 2017). They also negatively impact biophysical diversity, and the services offered by 
ecosystems besides affecting biological control of pests. From the economic aspect, the use of 
chemicals puts the cost of farming on the farmers and at the same time reduce the future 
profitability of farming. This means that sustainable practices are not well implemented, which 
hinders the ability of agriculture to cope with climate change, thus deriving food security and 
sustainability of land resources in the future. Thus, new strategies of cropping systems and soil 
management practices to deal with the increased level of CO2 in the environment, efficient use 
of water and soil health are being developed (Sharma et al., 2021). The soil quality studies 
focus on the ways of handling soil to harness the properties of the soil, with special emphasis 
on the aspect of organic matter (Bolan et al., 2011). Agricultural operations that contribute 
organic residues are needed to prevent the increase of consequent environmental CO2 
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which is built up by the rate of residues returned to the soil, the rate at which plant residues and 
other organic matter decompose (Campbell et al., 2000). The major constraint for the Indian 
agriculture in the forthcoming period will be to feed, 
same time preserve and even enhance the soil capital (Gopalasundaram et al., 2012). 
The pressure to reduce greenhouse gas emissions has therefore arises for various ways that 
which include incorporating carbon farming practices in soils (Avasiloaiei  et al., 2023). 
Through the process of sequestering carbon, carbon farming whereby one practices 
regenerative agriculture, is vital in the reduction of the emission of greenhouse gases. It is 
beneficial in enhancing the health status of the soil, increasing the water-holding capacity of 
the soil and increasing the yield of crops through an improvement in the organic content of the 
soil. It helps expand the usage of crop rotation and has benefits within the area of low-input 
technique, which is environmentally friendly, cost-efficient, and ensures the setting up of steps 
for receiving money from carbon credits. Second, carbon farming enhances food security, 
resilience to such fluctuations for future generations as well as sustainability of the land. One 
discovers that it is approximately natural emissions from agriculture, forestry, and land-use 
activities (Sharma et al., 2021). Carbon Farming practices like the application of agroforestry 
systems and cover crops, increase the ability of the soil to store carbon making the soil healthy 
and fertile (Spotorno et al., 2024; Sharma et al., 2021). Moreover, carbon farming also has 
implications for enhancing biomass, soil, and crops’ resistance, as well as mitigating nitrous 
oxide relative emission and nitrate leaching impacting nitrogen cycling and climate change 
(Almaraz et al., 2021). Through increasing organic carbon content in the soil, more efficiently 
using resources and, thus, practicing carbon farming helps achieve environmental sustainability 
and fight climate change. 

 
CARBON FARMING 

A method of managing agriculture called "carbon farming" helps the land store more 
carbon and emit less greenhouse gases into the environment (Jansson et al., 2021). Indian 
farmers, for instance, may manage their grazing areas to preserve and replenish the flora, 
including the tree cover that borders streams. In a similar vein, farmers may lower the quantity 
of greenhouse gases attached to vegetation by using fertiliser reduction techniques like using 
compost or biochar. Agriculture that is carbon neutral is quickly becoming essential for 
maintaining environmental balance, enhancing public health, and ensuring the safety of future 
generations' food. By enabling farmers who use these measures to sell their carbon credits, 
carbon farming initiatives give farmers financial incentives. The initiatives started in the US 
and Europe and are currently expanding even in India. It is possible to attain carbon economy 
in Indian agriculture by implementing the necessary interventions to increase the efficiency 
factors in the use of water, nutrients, and energy. A soil that has a higher carbon storage 
capacity uses less energy during tillage operations and is more efficient in using water and 
nutrients. By lowering the demand for mineral fertilisers, increased nutrient usage efficiency 
can improve the C and energy economy indirectly by reducing the need for greater fertiliser 
application rates. Similar to this, modifying the microclimate with simple actions like mulching 
can aid in enhancing water efficiency and C economy. While the United States, Australia, 
China, and Vietnam have established systems for obtaining carbon credits from agricultural 
firms, India does not have such a system. The net decrease in CO2 equivalent emissions (after 
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discounting the sink) needs to be appropriately priced and monitored in order to increase C 
economy (NAAS, 2014). The monitoring and verification of carbon credits that may be 
obtained from crops and crop-based activities, such as soil carbon sequestration, are currently 
not standardised. It is necessary to identify a few benchmark sites or systems in each agro- 
ecological zone in order to quantify changes in soil C stock over time and repeat the 
measurements. With the competing need for crop leftovers, such as feed, in mind, the amount 
of crop residues that can be retained and incorporated into the soil should be maximised. It is 
necessary to evaluate whether crop residues should be retained or incorporated into various soil 
types and to quantify the influence on soil C improvement. Adopting Best Management 
Practices (BMPs) can assist Indian agriculture attain carbon economy by optimising energy, 
water, and nutrient utilisation and promoting the build-up of carbon in the soil. Farmers do not 
adopt BMPs on their own in the real world, despite the fact that doing so can increase the C 
economy. It might not be feasible to punish farmers in India for using their land improperly. It 
will be simpler if farmers that implement BMPs are offered incentives, which can be tracked 
using the right approach. Furthermore, soil C credits fetch substantially lower unit prices due 
to the extreme volatility of the agricultural C market. The problem of the C offset technique is 
not a compelling one because of these two facts. Rather, a steady stream of incentives for 
farmers who use climate-smart and best agricultural practices can assist spread the use of BMPs 
and tackle the problems associated with global warming. NGOs and small farmer groups can 
assist in keeping an eye on the farmers and providing incentives to them. It is necessary to 
create a system to give farmers incentives for the C advantages they have accumulated by using 
BMPs. This technique will raise crop productivity while maintaining improved soil health and 
C economy. 
DIRECT SEEDED RICE 

According to a 2022 Government of India report (GOI), during the Kharif season in 
India, about 55 percent of the country's total cultivated acreage (39.54 million hectares) is used 
for paddy cultivation. Additionally, as per the GOI in 2020 (GOI, 2022) paddy cultivation 
employs 57.5 percent of the nation's farming workforce directly and makes a substantial 
contribution to the agricultural gross domestic product. The paddy agriculture has lost land 
globally as a result of urbanisation, industrialization, and crop diversification. In order to 
maintain food security, an extra 114 million tonnes of milled rice would be needed by 2035; 
however, there is not enough land or water available to grow paddy agriculture (Singh et al., 
2015). Numerous issues, including salinity of the soil, irrigation, high agricultural salaries, 
water shortages, and fertiliser expenses, constantly put rural India's livelihoods under stress. 
Managing resources effectively is crucial to addressing these problems (Dey et al., 2023; 
Kuttippurath et al., 2012). Moreover, agriculture in Southeast Asia, including India, is growing 
more expensive due to saturation of yield and skyrocketing input prices (Ray et al., 2012; 
Nguyen et al., 2006). Instead of using traditional methods that hurt the environment, farmers 
can use climate-smart agriculture techniques that preserve resources and boost efficiency (Dey 
et al., 2023). A promising water-saving technique for paddy production is direct-seeded rice 
(DSR), which requires less time for field preparation, includes direct planting, and uses less 
irrigation water and greenhouse gas emissions from the soil (Tabbal et al., 2002). From puddled 
transplanted rice (PTR)  to DSR, many farmers have made the switch to DSR. Farmers with 
little resources who deal with extreme weather conditions such as low water tables, sporadic 
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rainfall, and protracted dry spells that hinder the use of rice-intensification systems are the main 
users of the DSR approach (Kumar et al., 2011; Singh et al., 2017). But other paddy farmers 
in India and other poor countries are also attempting to replace the more expensive PTR 
approach with the less expensive DSR technique (Johnkutty et al., 2002). Pathak (2013) carried 
out a two-year field experiment in the Punjab area of Jalandhar, India, to measure the potential 
of DSR with TPR for labour-saving, water-saving, and greenhouse gas mitigation. He 
discovered that the average global warming potential (GWP) of CO2, CH4, and N2O was 1.94 
t/ha in DSR and 2.91 t/ha in TPR. Additionally, it was determined that GWP would decrease 
by 33 percent if the whole state under TPR were to switch to DSR. In addition, three to four 
irrigations were preserved under DSR without sacrificing production. When comparing DSR 
to TPR, the utilisation of tractors dropped to 58 percent and the use of human labour to 45 
percent. This demonstrates that DSR can be a  workable substitute for PTR in terms of 
mitigating and adapting to climate change and raising farmers' income by lowering GHG 
emissions, water use, and labour (both human and machine) without lowering yield (Pathak et 
al., 2013). In Central Java, Indonesia, at the Indonesian Agricultural Environment Research 
Institute (IAERI), comparable research was carried out. According to Susilawati (2019), DSR 
has 47 percent fewer CH4 emissions than PTR. Under DSR, GWP decreased by 46.4 percent 
without a discernible yield loss. 

Previous studies have demonstrated that yield loss in DSR is higher than in transplanted 
rice in the absence of effective weed management alternatives (Baltazar, 1992; Rao et al., 
2007). Effective weed management in DSR is extremely difficult since mismanaged weeds 
result in very little or no yield (Moody et al., 1982; Singh et al., 2008). Uncontrolled weeds 
lowered yields by 96 percent in dry-DSR, 61 percent in wet-DSR, and 40 percent in the crop 
that was machine-transplanted (Kim et al., 1998; Maity et al., 2008). Weed infestation may be 
decreased with proper tillage and soil preparation. Accurate field levelling promotes greater 
pesticide efficiency and accurate water management, which both aid in better crop 
establishment (Jat et al., 2009, Chauhan, 2012). According to Singh et al. (2009), the DSR stale 
seedbed approach reduced weed density by 53 percent compared to control. Additionally, 
Singh et al., (2007) discovered that a 4 t/ha mulch made of wheat residue decreased the 
development of broadleaf weeds by 56–72 percent and grass weeds by 44–47 percent in dry 
drill-seeded rice. A partial budget study revealed that, under most circumstances, rice farmers 
will earn more money net by switching to DSR. Direct seeded rice (DSR) was found to increase 
farmers' revenue by 66 percent in China when compared to puddled transplanted rice (Sha et 
al. 2019). Both Younas et al. (2015) and Sarangi et al. (2020) projected greater benefit-cost 
ratios and net economic advantages per hectare in DSR in Eastern India and Pakistan. The DSR 
(treatment) yield is consistently lower than the TPR (control) yield, which is consistent with 
certain research (Bhullar et al. 2018; Xu et al. 2019). This difference appears to be statistically 
significant. Joshi et al.'s (2013) study, which  covered  the Philippines, India, Cambodia, 
Thailand, and Nepal, demonstrated that, with appropriate management, DSR output might 
equal that of puddled transplanted rice and that it could be a workable solution for regions 
experiencing labour and water constraints. According to Alam et al. (2018), DSR can 
outperform Puddled Transplanted Rice in yields if management techniques are optimised. 
Training on effective weed control methods, such as correct land preparation and water



 
 
 
 
 
 
 

management as preventative measures, is therefore essential to reduce the yield difference 
between DSR and Puddled Trasplanted Rice, which is farmers' main concern. 

According to a research study by Bautista et al. (2023), area, labour usage, tenurial 
status, irrigation, and electricity cost appear to have a major impact on farmers' adoption of 
DSR in both the WS and DS models. Greater acreage may persuade farmers to employ DSR 
rather than TPR in order to save costs and time. An increased likelihood of a farmer adopting 
DSR may also be associated with increased seed and pesticide use. Farmers will only use DSR 
when their usage of pesticides and seeds reaches a particular level. Beyond this, the farmer's 
probability of continuing or deciding to implement DSR is reduced. Conversely, reduced 
labour utilisation indicates a higher chance of DSR adoption among farmers. Additionally, it 
seems  that  farmers  in  irrigated  areas  are  less  likely  to  use  DSR  since irrigation  makes 
transplanting possible, which most of them prefer due to the increased yield. Similarly, reduced 
electricity expenses indicate a farmer's propensity to employ DSR. Landowner farmers are also 
empowered to make decisions about their farms. In this instance, they seem more likely to use 
DSR possibly in an effort to save labour expenses. The adoption of DSR technology is 
positively impacted by a number of parameters, including farmers' education, institutional 
financing, off-farm income, and smartphone ownership, according to research by Dey et al., 
(2024). But implementation of DSR is limited by the age of farmers and the availability of 
irrigation. Compared to Transplanted Rice adopters, DSR adopters spend less on irrigation, 
pest control, fertiliser application, and land preparation. 
CONSERVATION TILLAGE PRACTICES 
The equilibrium of the carbon cycle between agricultural soils and the environment is seriously 
upset by frequent and extensive soil tillage, which raises greenhouse gas emissions and depletes 
soil organic carbon stores (Lal 2007, 2008; Yang et al. 2019). Quite the reverse; according to 
Liu et al. (2022), conservation tillage may significantly alter the size and distribution of soil 
aggregates, which in turn influences the buildup of organic carbon (Six and Paustian 2014). 
According to Uri et al. (1998) and Bayer et al. (2006), conservation tillage lowers soil carbon 
emission rates while simultaneously increasing soils' ability to absorb organic carbon. But it 
also affects agricultural growth, which raises atmospheric CO2 fixation (Li 2002). Conservation 
tillage has been listed by the Intergovernmental Panel on Climate Change (IPCC) as one of the 
key agricultural measures to mitigate climate change (Shukla et al. 2019). 

The estimated area under CA-based systems is around two million hectares. This may 
be divided by the average landholding size in the regions where CA is most often used, namely 
Punjab (3.62 hectares) and Haryana (2.20 hectares) (DAC & FW, 2019). This will yield an 
approximation of the total number of farmers practicing CA in the nation. By dividing the total 
area by the average landholding size of these two states, it may be estimated that around 
700,000 farmers throughout the nation practise CA. Since only rice, wheat, sugarcane, and 
maize-based cropping systems in India are encouraged to employ CA, the research focuses on 
crop yields for these crops, particularly in the IGP. Zero-tillage is said to have produced 10-17 
percent greater yields of wheat and rice in the IGP than traditional tillage. (Pradhan et al., 2018; 
Joshi, 2011). Specialists in the domain primarily focus on the idea that reduced costs stem from 
optimised input costs. For example, labour, energy, and water reductions are expected to reduce 
the cost of production by around 15-16 percent, increasing farmers' revenue (Bhadu and others, 
2018). According to systematic research conducted in the IGP, the average cost savings are 
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estimated to be INR 5,760 per hectare (USD 78), or around 5 to 10 percent; the range of cost 
reductions varies depending on the soil and ecoregion and range from INR 3,055 to INR 8,500 
per hectare (USD 40-115/ha). 

CA techniques, like as zero or low till, save nutrients in the soil and release them 
gradually to plants. Nonetheless, nitrogen levels may be lowered by nitrogen immobilisation 
during the first few years following conversion to CA (Bhadu et al., 2018). Using crop leftovers 
to maintain a permanent layer of soil enhances the physical, chemical, and biological qualities 
of the soil, lowers evaporative water loss, and boosts the soil's capacity to retain water. In the 
end, the crop waste is utilised as mulch to suppress weed growth, regulate soil temperature, 
and lessen evaporation once it breaks down (Bhan et al., 2014). Crop diversification recovers 
nitrates that have leached into the soil profile and improves the efficiency of nitrogen usage. A 
meta-analysis of CA practices in the IGP revealed that the SOC stock increased annually by 
0.16 to 0.49 mg C ha-1 yr-1. Zero tillage and partial residue retention increased the advantages 
of SOC, according to a study by Powell and associates (2016) that monitored the concentrations 
of SOC in rice-wheat rotations in the eastern IGP for almost seven years (Sapkota et al., 2017). 
According to a review research, no-tillage methods sequester between 367 and 3,667 kgs 
CO2/hectare annually (Biswas et al., 2016). According to tests, traditional till farms in the IGP 
released 0.6 mg of CO2 equivalent per hectare. At the same time, zero-till systems sequestered 
0.84 Mg of CO2 equivalent per hectare, though no difference was observed between the two 
systems in terms of nitrous oxide emissions. Besides, on average, zero-till is known to save 
about 60 litres of fuel per hectare, reducing CO2 emissions by 156 kgs per hectare per year 
(Pratibha et al., 2017). 

Research has indicated that adoption of no-till California is more probable among 
farmers with greater levels of education since these farmers are more likely to comprehend new 
ideas and technology more readily (Knowler  et al., 2007; Nyambose  et al.,  2013). The 
differences in land, income, group participation, financing availability, and CA training were 
substantial. Compared to adopters, farmers who did not embrace no-till CA farmed larger mean 
land areas. Income disparities between adopters who wait till California and those who don't. 
The mean income of adopters was Rs 1746, whereas that of non-adopters was Rs 1271. 
Adoption rates are positively correlated with income levels (Sheikh et al., 2003; Kahimba et 
al., 2014). A farmer with a higher income may purchase farming supplies and, as a result, 
practise conservation agriculture. Even Nevertheless, low-income families did not readily 
embrace CA, despite the fact that the majority of CA technologies are less expensive (low 
external input). This is likely due to the fact that these households were either unaware of the 
full benefits of CA or thought it would be expensive due to their ignorance. Once again, more 
conversations with farmers disclosed that small-scale farmers typically do not own 
infrastructure, such as fence materials, which need to be purchased with some money. 

According to the results of the Ntshangase et al. (2018) study, farmers who did not use 
no-till CA farmed greater land areas, earned less money, and had less access to financing and 
extension. The three main sources of income for those who adopted the no-till California model 
were government handouts, piece employment, and farming. Government grants are primarily 
social support funds that households eligible for Department of Social Development child, 
disability, and elderly assistance receive. However, a greater percentage of non-adopters of the 
no-till California system (65%) said that they relied on piece labour as a source of income. 
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Farmers who receive more regular visits from extension agents are more likely to implement 
new farming techniques or technology that they learn about from these visits. 
ORGANIC FARMING 
Numerous studies have examined the sets of demographic and other social features of farmers, 
including professional skills, and have concluded that these qualities have an influence on 
farmers' decisions about  moving forward with the conversion to carbon neutral farming 
techniques. More precisely, factors such as gender and off-farm activities, household wealth, 
age and experience (measured in years of farming), and household size (connected to the 
available workforce) were significant determinants of farmers’ decisions (Darnhofer et al., 
2005; Läpple, 2011; Läpple, 2013; Bui, 2020). A higher intention to proceed with organic 
conversion  was  linked  to  young  farmers,  a  higher level  of  education  and/or specialised 
agricultural training, and the use of ICT (Khaledi et al., 2010; Koesling et al., 2008; Kallas et 
al., 2010). However, adoption of this strategy is constrained by household labour constraints 
(Adebiyi et al., 2019). Because information and expertise play a significant role in helping 
organic farmers replace synthetic agrochemicals, a lack of awareness and understanding of 
climate smart technologies may prevent their adoption (Serra et al., 2008; Adebiyi et al., 2019). 
Thus, among the most crucial elements influencing conversion decisions were farmers' 
expertise, education, and training. Farmers acquire the majority of their knowledge through 
social learning and experiential learning, in addition to formal schooling and training (Veldstra 
et al., 2014; Darnhofer et al., 2005). Conversion decisions towards climate wise farming are 
also influenced by the connections among farmers, as demonstrated by their involvement in 
community organisations and the advantages that come with membership (Khaledi et al., 2010; 
Darnhofer et al., 2005). More precisely, views of other farmers' environmental activities and 
prior personal experiences have an impact on farmers' evolving attitudes towards 
environmental practices (Sutherland et al., 2012). The adopted decision-making process was 
simultaneously impacted by a number of other variables, including the usage of the Internet 
(Khaledi et al., 2010), farmers' livelihood assets, their vulnerability settings, in conjunction 
with livelihood activities and gender-related aspects (Adebiyi et al., 2019). 

Farmers were more likely to implement climate smart farming practices if they were 
more proactive in learning about the financial feasibility of carbon neutral farming and had 
higher regard for the environment and human health (Koesling et al., 2020; Luh et al., 2020; 
Adebiyi et al., 2019). Particularly significant are the beliefs of farmers about carbon neutral 
farming, the financial risks (particularly during the conversion phase), the scepticism of social 
media, the doubts about the environmental advantages of organic farming, institutional factors, 
and communications from regulatory bodies (Siepmann et al., 2018). Adoption decisions are 
heavily influenced by the sources of perceived hazards on the farms, which include 
unpredictable rainfall, a lack of expertise, and the market for organic goods (Nalubwama et al., 
2019). It is also necessary to consider the disincentive of anticipating increased expenses (Luh 
et al., 2020). As technology developers transition into producers, the cost of setting up 
production facilities frequently results in difficult-to-achieve profits and raises the price of the 
novel good or service (Cullen et al., 2013; Faber and Hoppe, 2013; Luthra et al., 2014); these 
are known as "early adopter costs" (del Río Gonzalez, 2005) and affect both producers and 
consumers of technology. Changes in input prices (Kemp and Volpi, 2008), the existence of 
perverse  subsidies  for  existing  technologies  (Weiss  and  Bonvillian,  2013),  or  consumer



 
 
 
 
 
 
 
 

willingness to pay a premium for goods or procedures with less of an environmental impact 
(Reinstaller, 2008) are pertinent factors that influence the actual and relative costs of 
innovations. The adoption of innovations and technology in industrialised nations' agricultural 
contexts has been the subject of very little investigation. These include included Australian 
wool growers (Sneddon et al., 2011), precision agricultural technology (PATS) (Tey and 
Brindal, 2012), vineyards in New Zealand (Cullen et al., 2013), and the adoption of organic or 
genetic engineering approaches within Australian agriculture (Wheeler, 2008). These studies 
show that, although there are certain context-specific elements, such as industry-specific details 
or varying national regulatory regimes, there are overall few differences in the adoption of 
more generic technical innovations. For example, several of these studies draw attention to the 
effects of technological innovation adoption in these contexts, which appear to be illogical and 
wasteful. Examples of successful adoptions of innovations and technologies that are rejected 
by users reverting to the original practice or technology even in situations where benefits are 
being realized are cited in this context (Bewsell and Kaine, 2005; Cullen et al., 2013; Sneddon 
et al., 2011; Wheeler, 2008). These are explained in terms of the perceived advantages of 
adoption, as well as the function of social networks and communication channels and the 
primacy of perception. The relationship between information sources and how they affect 
perception (including imitation within adopter groups) is considered crucial, as is the part 
played by strong outside influencers like champions or consultants for new technologies 
(Sneddon et al., 2011; Wheeler, 2008). It was said that among prospective consumers of CSA 
technical breakthroughs, the term "CSA" was not well understood. More generally, "jargon" 
was linked to climate change and sustainability measures (including CSA), making them 
difficult for non-experts to comprehend and unsettling. The lack of attention to "business 
impacts," such as how technological changes would affect "efficiency" or if they were "cost 
effective," was cited by potential users as a reason why it was difficult for them to embrace the 
necessity of CSA technical innovations. 

A policy mix that may consist of rules, guidelines (like eco-brands, like bio-labels), 
direct producer subsidies, input taxes, financing for research, provision of information and 
training, funding for investments, and sponsorship of communication tools (like consulting and 
promotional campaigns) (Sutherland, 2010; Dessart et al., 2019; Cranfield et al., 2010). The 
adoption of climate-smart practices and conversion decisions are strongly encouraged by 
subsidies, which are effective horizontal tools (Nalubwama et al., 2019; Serra et al., 2008; 
Läpple, 2010). For instance, it was discovered in a previously published study that adoption on 
poorer Spanish farms is motivated by an increase in subsidies. Adoption may be encouraged 
on a significant number of farms if the farmers received subsidies at levels comparable to those 
in the EU. The discovery that affluent farmers are early adopters is intriguing. However, poorer 
farms also switch to carbon neutral techniques like organic farming when the economic climate 
becomes more favourable for conversion (Serra et al., 2008). This suggests that it is not 
anticipated that horizontal subsidies will be adequately effective and efficient if the variability 
across agricultural enterprises is not taken into account.



 
 
 
 
 
 
 
 

Institutional support for carbon farming in India 
 

The Indian government's Ministry of Rural Development and Ministry of Agriculture 
oversee a number of rural development initiatives, including the National Horticulture Mission 
(NHM), the Mahatma Gandhi National Rural Employment Guarantee Act (MNREGA) 
scheme, the Rashtriya Krishi Vikash Yojana (RKVY), the Pradhan Mantri Krishi Sinchayee 
Yojna (PMSKY), the Paramparagat Krishi Vikas Yojna (PKVY), the Natural Farming Bhartiya 
Prakratik Krishi Paddhati (NF-BPKP), the National Mission on Sustainable Agriculture 
(NMSA), and others. For example, planting legume fodder crops in bunds and green leaf 
manuring crops, conserving soil and water, and afforestation on waste areas and common lands 
can all be included in the national programmes. Agroforestry, micro irrigation, crop 
diversification, natural/organic farming, soil health management, integrated farming systems, 
and other initiatives launched by the Indian government are only a few of the programmes 
designed to entice farmers to participate in the carbon trading in agriculture. Carbon emitters 
can purchase created carbon credits to offset their emissions through voluntary carbon markets. 
To guarantee the integrity and calibre of the initiatives, validation and verification are essential. 
The Carbon Credit Trading Scheme (CCTS), which allows obliged companies to trade carbon 
credits with one another, was issued by the Ministry of Power by notice S.O. 2825 (E). The 
National Action Plan on Climate Change (NAPCC) comprises missions in specific areas of 
solar energy, energy efficiency, water, sustainable agriculture, Himalayan ecosystem, 
sustainable habitat, green India, and strategic knowledge for climate change. Thirty-three 
States /Union Territories (UTs) have prepared their State Action Plan on Climate Change 
(SAPCC) in line with NAPCC taking into account the State-specific issues relating to climate 
change. 
CHALLENGES IN CARBON NEUTRAL FARMING: 
Agro-environmental policies are required by the carbon farming initiatives (CFI) in order to 
encourage farmers to implement optimum farm management practices. However, the 
complexity of the scheme's design and implementation, as well as the competing interests of 
policymakers and farmers, can make it challenging to engage farmers in such programmes. The 
acceptance and use of novel farm management techniques are also known to be influenced by 
a number of other variables, such as the landowners' own interests and the characteristics of 
the farm (Liu et al., 2018; Valdivia et al., 2012). Inadequate management or skill sets and 
landholder interests also play a part in some of the obstacles faced by carbon farmers. Political 
unrest has a significant impact on these strategies' adoption and use as well (Conant et al., 
2011). Furthermore, a lack of knowledge about such programmes and policies as well as 
confusion about the effects on the environment might potentially impede their adoption (Funk 
et al., 2014; Toensmeier, 2016). Most of the time, Indian farmers lack adequate access to 
knowledge about the many alternatives for carbon farming (Ingram et al., 2016). As a matter 
of fact, a great deal of farmers are ignorant of the precise definition of carbon farming and are 
not well-versed in its advantages and disadvantages. High input prices and concerns about the 
impact of carbon farming on yield and agricultural productivity further exacerbated the 
problem. The absence of recognised practices and processes, more administrative costs, and 
the challenge of becoming certified as a competent carbon offset provider are among the other 
major obstacles facing CFI (Dhanda et al., 2011; Macintosh et al., 2012). Furthermore, it has



 
 
 
 
 
 
 
 

been determined that the necessary capital expenditure, the incompatibility of carbon farming 
with current farm management techniques, and the potential effects on farmers' capacity to get 
bank loans or other funding sources are all important considerations (Evans et al., 2015). Other 
obstacles that are worth mentioning in this context are the fluctuating prices of carbon, 
(Narassimhan et al., 2018) the lack of clarity surrounding the advantages of carbon farming, 
(Alexander et al., 2015) the challenge of tracking the development of these programmes, 
(Renwick et al., 2013) the unpredictability of carbon market selling practices, (Kragt et al., 
2017) and the financial implications of involvement (Lo, 2016). Farmers that engage in 
agroforestry may be reluctant to adopt carbon farming since they have trouble selling the goods 
from their tree plantings (Ingram et al., 2016; Macintosh et al., 2012). In addition, the carbon 
farming policy incentivizes them for their historical mismanagement of the land, which inhib its 
their participation and raises the possibility that, in addition to the other hurdles already stated, 
farmer attitudes or interests might be a barrier to CFI participation (Tesfahunegn, 2019; Wang 
et al., 2014). Under such circumstances, it appears that financial incentives alone won't be 
enough to address the obstacles that farmers typically encounter when they want to participate 
more in CFI. 
CONCLUSION 
Carbon farming encompasses a range of sustainable agricultural practices designed to enhance 
carbon sequestration and reduce greenhouse gas emissions. Among these practices, direct 
seeded rice, conservation tillage, and organic farming stand out as effective methods for 
improving soil health and mitigating climate change. Direct seeded rice reduces water usage 
and methane emissions compared to traditional puddled transplanting. Conservation tillage 
practices minimize soil disturbance, preserving soil organic matter and enhancing carbon 
storage. Organic farming eliminates synthetic inputs, promoting biodiversity and soil fertility, 
thereby contributing to long-term carbon sequestration. Factors affecting farmers’ acceptance 
of carbon farming practices include economic viability, awareness, and access to technical 
knowledge. Financial incentives, such as carbon credits and subsidies, play a crucial role in 
encouraging adoption. Institutional support in India, including government schemes, research 
initiatives, and extension services,  is essential  for promoting these sustainable practices. 
Policies that facilitate access to resources, provide education, and offer financial assistance can 
significantly boost the adoption rates of carbon farming.  However, challenges persist in 
achieving widespread carbon-neutral farming. Small landholdings, financial constraints, and 
lack of awareness hinder the transition to sustainable practices. Addressing these challenges 
requires a coordinated effort involving policymakers, research institutions, and the farming 
community. Enhancing institutional support, providing targeted education and training, and 
developing market mechanisms for carbon credits are vital steps toward overcoming these 
barriers. Carbon farming has the potential to transform Indian agriculture, making it more 
sustainable and resilient to climate change. By adopting best management practices such as 
direct  seeded  rice,  conservation  tillage,  and  organic farming,  and  addressing  the  factors 
affecting farmers’ acceptance, India can lead the way in carbon-neutral farming. Strengthened 
institutional support and targeted policy interventions are crucial for overcoming challenges 
and realizing the full potential of carbon farming in India.
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