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Defining sustainable agriculture   

1. Introduction 
Agriculture is a dynamic and complex system, composed of countless particular characteristics that 
defy standardization and common definitions. For instance, hundreds of cultivated crops and a wide 
array of systems and practices are employed in different geographical locations with diverse social, 
environmental and economic landscapes. This scenario requires that any intervention made in the 
sector should be context-specific. 

Agriculture accounts for an estimated 34% of all anthropogenic GHG emissions worldwide (Crippa et 
al., 2021). In 2019, emissions within the farm gate (crop and livestock production, including on-farm 
energy use) accounted for 7.2 Gt CO2 eq. yr−1, while emissions from land-use change accounted for 
3.5 Gt CO2 eq. yr−1. In brief, 65% of all emissions within the agri-food sector are related to primary 
food production (Tubiello et al., 2022). In addition to the high carbon footprint, traditional agricultural 
practices are drivers of biodiversity loss and water/soil degradation (Benton et al., 2021; Hunke et al., 
2014). At the same time, agriculture is one of the sector most vulnerable to the impacts of climate 
change (Tao et al., 2011). Recent extreme events have demonstrated how food production systems 
can be affected by shifting global climate; heat waves in southern Asia have destroying wheat crops      
and severe drought in southern Brazil has severely damaged the soybean crop.      

To reduce the impact of food production on the environment, the sector must shift to a more 
sustainable footing. Generally, ‘sustainable’ activities are usually understood as those that are capable 
of meeting the needs of the present without compromising the ability of future generations to meet 
their own needs (Brundtland report; 1987). However, a standard narrative on what constitutes 
sustainable agriculture is yet to emerge due to the complexity of the sector.  Production systems are 
often referred to as "sustainable", but the absence of agreed definitions mean that the risk of 
incremental changes to business-as-usual and of greenwashing is substantial.  

Moreover, there is an ever-increasing demand that the sustainable performance of agricultural 
systems should go beyond environmental impact and incorporate social standards, such as 
widespread access to nutritious diets, steady incomes, stable land rights and prioritization of 
underserved groups. The process of combining environmental guidelines and social standards is an 
enormous challenge for the definition of sustainable agriculture. Social issues have a horizontal 
behaviour across the supply chain, and should not only be addressed within the production unit, but 
also considering and analysing the impacts on upstream and downstream sub-sectors.   

Climate Bonds aims to provide clarity to capital markets and institutional investors on the component 
factors of sustainable agriculture to enable rapid and positive change in investment practices. 
Considering this challenge, we propose to break down the various named systems (regenerative 
agriculture, natural agriculture, etc.) into potential sustainable management practices, which are to 
be defined by common characteristics, regardless of the system(s) they may be a part of.  

 

2. Production Systems Linked to Sustainable Agriculture  
A large number of systems is reported in literature, but we consider four of the most representative      
examples that align with the broad concept of sustainable agriculture, although it should be noted that 
the sustainability of any system is dependent on the actual implementation.  

1. Regenerative agriculture, a well-established concept that has recently gained a lot of ground. 
Robert Rodale coined the term in the late 1980s.  It consists of a system that aims to restore 
soil health, reducing but not eliminating synthetic fertilizers and pesticides and ensuring that 
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agricultural practices positively affect the environment (FOLU, 2019).  Regenerative agriculture 
practices are ultimately linked to shifting the agricultural operations from a source to a sink 
for carbon, inverting the GHG emissions dynamics correlated to conventional practices (Oberč 

& Arroyo Schnell, 2020).  Despite the broad definition of the regenerative system, the lack of a 
global consensus on a scope of practices and the exclusive nature of some alternative 
definitions creates numerous challenges for researchers, producers, regulators, and 
consumers (Newton et al., 2020).  

2. Ecological intensification of agricultural activities is      a broad concept that may be applied in 
different regions, contexts, and crops.  Countless names have been used to define similar 
and/or aligned sets of practices and principles, such as diverse or agroecological systems.  In 
summary, ecological intensification aims to improve or maintain agricultural yields achieved 
by conventional practices, but meeting good standards of environmental quality. This goal is 
attained by optimizing biological processes and using their benefits to overcome challenges 
such as pests, diseases, and low soil fertility (Oberč & Arroyo Schnell, 2020).  In other words, the 
aim is to embed resilience into the agricultural operation to sustain yields in the face of 
adversities, based on the postulation that biodiversity and ecosystem services can be used as 
a replacement for external and artificial inputs (Kleijn et al., 2019). Nevertheless, as discussed 
for regenerative agriculture, the ecological intensification system faces similar issues related 
to the lack of a common definition and standard practices, making its widespread adoption a 
resting challenge. 

3. Sustainable intensification. This system is linked to the promotion of ever-increasing yields 
without triggering any adverse environmental impact and eliminating the need to convert 
additional non-agricultural land. The sustainable intensification concept openly does not 
highlight or privilege a standard set of practices. Still, it emphasizes the objective of using well-
strategized and innovative techniques to enhance the overall efficiency of an agricultural 
operation (Pretty & Bharucha, 2014). Under this "end rather than means" oriented approach, 
sustainable intensification systems may take numerous forms depending on where and when 
it is being employed, making any kind of classification barely impossible, as it may show close 
similarities with many other described systems, especially with those mentioned above in this 
document, further falling under the same challenges. However, the use of outcomes as a 
metric for standardization may be beneficial in the sense that just the endline of an operation 
is under evaluation, mitigating the complexity of describing all the processes required to 
achieve said outcome. 

4. Organic agriculture/farming. This term might be the most widely-known regarding 
sustainable agriculture. This is because the organic farming movement has successfully built a 
strong connection between producers and consumers, based on environmental and health 
benefits linked to the non-use of agrochemicals and other inputs.  Even as the principles 
underpinning the system may seem clear to some, especially consumers, they go deeper into 
many aspects beyond banning synthetic pesticides and fertilizers, such as maintaining 
biodiversity, clean energy sources, and animal welfare (Oberč & Arroyo Schnell, 2020). 
Nevertheless, different practices may be required to achieve these principles depending on 
where and when the system is being applied, prompting standardization issues as mentioned 
above. These issues are, in some cases, addressed by regional regulations and standards on 
produce originating from organic farming operations, much of it answering consumer demand. 
The most up-to-date data shows that 72 countries have fully implemented national organic 
agriculture regulations, and 36 have drafted or approved but not fully implemented such rules 
(FiBL & IFOAM, 2021).   

As previously mentioned, the absence of any system in this relatively short list of descriptions is not 
an attempt to prioritize one concept over another. At this point, it is clear that the list of known systems 
and variations within systems is extensive and far beyond the capacity of any common standard to 
classify and regulate. Nonetheless, we must have a proxy guiding the sector towards sustainable 
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approaches. Therefore, we attempt to do so in the next section by identifying the management 
practices more often related to sustainable agriculture, some of which may very well fit into one or 
more of the systems previously presented.  

 

3. Management Practices Linked to Sustainable Agriculture 
This section aims to summarise the practices more often related to sustainable agricultural operations. 
It is essential to make clear that the sustainable potential of these practices depends on how and 
where they are employed. Therefore, regional context must be considered when discussing further 
standardization, enhancing the complexity of the task. For this reason, all this information is latter 
summarized in Table 1, and for further discussion, practices are broken down in three groups: Always 
Sustainable, Usually Sustainable (with some caveats) and Sometimes Sustainable (under some 
conditions) according to their context specific environmental impact. Once again, no preference was 
given in this selection, and the practices discussed below are up for constant revision and update.   

Soil management practices aim to increase soil health and, thus, its capacity to support crops. In this 
topic, the first set of practices to address is no/minimum tillage and direct seed. The act of not tilling 
(not incorporating residues) increases the production and retention of organic matter by the soil, 
enhancing biological activity and soil fertility, reducing soil erosion, improving water quality and 
sequestering more carbon (Buffet, 2012). However, no-till practices can be linked to an elevated weed 
pressure, which should be addressed by means other than increasing the use of herbicides. 
Additionally, in temperate weather regions, the soil temperature must be closely tracked to ensure 
these conditions meet crop requirements. No/min-till practices should be accompanied by crop 
management strategies, such as crop rotation, agroforestry, crop-livestock integration, 
intercropping, polycultures, cover crops, and mulching, aiming to increase the production and 
distribution of diverse biomass, which is further converted into organic matter. By increasing the 
content of organic matter, the soil becomes a carbon storage facility, not only reducing emissions by 
its enhanced capacity of supporting crops without substantial external inputs, but also sequestrating 
carbon that otherwise would be dispersed in the atmosphere. Finally, crop management must be 
conceived and applied in coordination with integrated nutrient management, which includes 
compost, organic manure, nitrogen-fixing crops, fertigation, and bio-fertilizers (PGPB and N-fixing 
microorganisms).  

Continuing our run across sustainable practices, the centre of attention will now be on how to deal 
(sustainably) with one of the most prominent threats to agriculture production through a joint strategy 
defined as an integrated pest, diseases, and weed management. One of the backbones of this 
approach is the intensively discussed practice of biological control, which can potentially be applied 
to managing all harmful organisms in an agricultural operation (pests, disease, and weeds). Biocontrol 
is the act of combating said pestilential organisms using other living agents. However, recently, the use 
of nature-based substances (non-living, e.g., isolated metabolites) is to be considered under the same 
umbrella, now renamed bioprotection (Stenberg et al., 2021). The benefits are numerous; to 
emphasize the reduction/extinction of agrochemicals as a management practice and the potential of 
creating long-term resilient environments. 

Many sustainable agriculture systems focus on enhancing production efficiency, meaning that bigger 
yields are contemplated while using fewer resources. Some systems have in-scope practices related to 
precision agriculture/farming to enforce this objective. Those practices aim at using the necessary 
number of resources, and nothing more than that, to ensure the highest possible yield. This goal is 
achieved by applying technologies of near-real-time observations, which enables agricultural 
management decisions to be tailored in time and space, always following the actual necessities of the 
system (Finger et al., 2019). Some practical examples of precision agriculture practices are predictive 
models of plant diseases and pests, precision planting/fertilizing technologies, irrigation control, 
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remote crop-scouting, interpretative yield maps, and many other technologies being developed and 
tested by the numerous dedicated companies in the field. 

Another set of practices that trigger discussions in the sector is the vast group of plant breeding 
approaches, especially regarding genetically modified organisms or GMOs. Traditional plant breeding, 
based on selecting and/or crossing genotypes to accumulate desired characteristics in one individual 
plant, has been around for millennia and has acted on building the genetics of all cultivated crops 
nowadays. These techniques have shown incredible potential in increasing plant production efficiency 
and resilience by adding traits such as disease resistance, drought tolerance, and yield performance, 
thus enhancing the sustainable capacity of agricultural systems (Borlaug, 1983). However, the use of 
genetic engineering techniques for the same purpose has been criticized by some authors, and no 
conclusion was reached on the alignment or not to sustainable agricultural standards. The actual 
landscape reflects many developments in the plant genetic transformation field, with new techniques 
(CRISPR) and potential new traits, which may be of good use for a more sustainable sector, even 
though some concerns still have to be addressed.   

Finally, two sustainable practices have an important influence on the livestock production sector. The 
first one is rotational grazing, which promotes the grazing of different paddocks at a time while the 
remainder of the pasture grows and recovers, resulting in higher biomass production and elevated 
animal conversion ratio (Undersander et al., 2002). In addition, some emphasis must be given to 
silvopastoralism, which embodies the combination of forage grasses and forestry species, like trees 
and shrubs, improving animal nutrition and generating benefits such as enhanced soil 
fertility/productivity and higher sequestration of carbon (Murgueitio et al., 2011).  

The list of practices highlighted above is a collection of activities that when properly applied may 
translate into environmental benefits, such as the mitigation of GHGs emission, protection of 
biodiversity and increased climate resilience. Nonetheless, it is essential to mention that the social 
impacts related to the employment of these practices must be subject of an assessment prior to 
labelling any of them as sustainable. For such label to be given, it is expected that said practice impose 
no significant harm (do no significant harm - DNSH) to any social aspect of concern, and preferably 
increase the social performance of the agroecosystem into consideration. The DNSH and increase in 
social performance must also be subject of evaluation across the supply chain, ensuring that no 
additional issues will arise either upstream or downstream.  

Unsustainable Practices:  

Some practices may never be considered sustainable and should be permanently restricted. These 
practices are primarily linked to uncontrolled deforestation, the conversion of other high-carbon 
stocks such as peatlands and permanent pasture and endangerment of other ecosystems, particularly 
the rampant clearing of protected areas for crops and pastures, use of illegal chemicals and unimpeded 
application of potentially dangerous substances. The employment of these practices by any production 
system, even those mentioned above, is a red flag to indicate the unconformity with any sustainable 
standard.  In addition, practices that inflict any type of significant social harm should receive the label 
of unsustainable regardless of their eventual environmental benefits.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. List of production practices and their alignment to sustainable agricultural production. This list is not based on preferences and reflects frequently debated concepts in the sector. 
There are numerous additional sustainable practices not showcased in this section. Additionally, the classification of practices is subject to regional influences.
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4. Conclusion  
Agriculture is a dynamic and complex sector, making it challenging to reach any kind of standardization, especially 
regarding sustainability. One potential approach to overcome some of the issues related to standardization and 
consensus in the sector is to focus on the study and description of practices, labelling the ones more often aligned 
with a credible sustainable transition and giving preference to systems contemplating similar practices. However, 
there are many gaps in evaluating these practices, considering that their sustainable potential varies from place to 
place and the assessment of their social impacts demands a horizontal approach. Therefore, it is essential to foster 
the debate around this issue and further reach a guideline on identifying and measuring sustainability in the 
agricultural sector. It is also indispensable to discuss the transition timeline in the sector, being attentive to how to 
set phase-out dates to certain practices in conformity with regional and social aspects, such as the region's stage of 
development and the operation's size.  
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