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Climate Change and the Future of Agriculture
Climate change is defined by Oxford languages as “a change in global or regional climate patterns, in particular a change apparent from the mid to late 20th century onwards…”
A strong link associated with the rising levels of Carbon Dioxide (CO2) in our atmosphere is fossil fuels (oil, coal, and gas). A huge source of energy used within almost all global industries. According to the Global energy review (2021), “Despite the decline in 2020, global energy-related CO2 emissions remained at 31.5 Gt, which contributed to CO2 reaching its highest ever average annual concentration in the atmosphere of 412.5 parts per million in 2020 – around 50% higher than when the industrial revolution began.” The costs of having such high levels of atmospheric CO2 are becoming more known and more prominent with erratic weather patterns, increased flooding and in other regions extreme drought. In this article I will be briefly looking at the effects climate change is having on the farming industries of cocoa, coffee, wheat, soya, and cotton, but more specifically at how we are learning to adapt using Genetic modification (GM) to enhance our crops to be better prepared for the oncoming future. Different crops require specific weather conditions to be able to grow and thrive, and so I will be looking at what happens when those conditions cannot be met, the cost to farmers and how the future of agriculture may fare in a rapidly changing climate.

Figure 1: Growth rates of global fossil fuel emissions in gigatonnes (billion tonnes) of carbon dioxide. https://phys.org/news/2021-03-weve-curb-global-emissions-fraction.html 

Although historically we have observed several ice ages, with changes in weather patterns almost mirroring the changes we are seeing today, (I.e., melting of icecaps, warming of the planet, later followed by rapid cooling) the situation today is much excelled by our Greenhouse gas emissions (largely down to us burning fossil fuels for energy). This does not allow nature and its evolutionary survival adaptations to keep up with the new demands of environmental changes and so we are under threat of many more extinctions causing mass disruption to the food chain and its natural balance. “Earth has experienced cold periods (or “ice ages”) and warm periods (“interglacials”) on roughly 100,000-year cycles for at least the last 1 million years. The last of these ices ended around 20,000 years ago. Over the course of these cycles, global average temperatures warmed or cooled anywhere from 3° to perhaps as much as 8° Celsius” (Herring, D. and Lindsey, R. 2020). Carbon Dioxide (CO2) has been identified as being a dominant contributor to historical climate change and is the leading cause of our global warming today. When the icecaps melt the ice reflects less sunlight back into the atmosphere away from earth, leading to a warming effect. As water levels rise and oceans warm, the amount of CO2 absorbed into the waters begins to increase, making the waters more acidic. “While the ability of the ocean to capture and store carbon has helped to slow the accumulation of atmospheric CO2 – and, hence, the pace of global warming – it has come at a cost. Increasing CO2 in the ocean alters the chemistry of seawater” (Dr Shutler, J. and Prof Watson, A). This has a very damaging effect on sea life and marine life in general. 
In regions affected by drought caused by climate change crops may adapt to ensure survival in times when water is in deficit. Adaptions may include stunted growth to reduce the plants need for water with less cells to supply, rapid growth and early flowering in times where water is more readily available, “reduction in transpiration loss through altering stomatal conductance and distribution, leaf rolling, root to shoot ratio dynamics, root length increment, accumulation of compatible solutes, enhancement in transpiration efficiency, osmotic and hormonal regulation…” (Seligman, M.F. et al)

Cocoa 
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Côte d'Ivoire and Ghana supply approximately 60% of the world’s cocoa “Côte d'Ivoire is the world's largest producer of cocoa (the second largest is Ghana and the third largest is Indonesia)” (Cocoa life,2020).  These harvested cocoa pods are then processed and imported worldwide. The cocoa pods require a climate that is high in both rainfall and temperature with surrounding shade and shelter provided by rainforest trees, to shield from wind and harsh sunlight which could otherwise damage the leaves.  “Due to the climate sensitivity of cocoa beans, they can only flourish in a narrow band of countries between 20 degrees north and south of the equator” (cocoa life, 2020)
without these conditions the growth can be stunted, or the resulting quality can be affected, making the crop less valuable and the overall extracts (cocoa beans, cocoa butter) lower in both quality and quantity. Alternatively, if the conditions are not right the trees may not grow any pods to harvest. (Cocoa life, 2020)

When old land becomes unsuitable for growth, more deforestation is needed to create new usable growing space for harvesting cocoa. Deforestation exacerbates the problem of climate change by releasing the carbon stored in the trees back into the atmosphere (burning/ rotting wood) and limiting its ability to be reabsorbed. Climate change disrupts normal weather patterns causing issues such as periods of drought. “As weather patterns evolve, like high temperatures and droughts, farmers aren’t able to grow as much cocoa. They’re forced to expand into new areas, triggering this vicious cycle all over again.” (Cocoa life, 2020)

Fig 4: https://www.cocoalife.org/the-program/climate-change



This poses a real threat to farmers whose livelihoods depend on growing and exporting these crops. “90% of the world’s cocoa beans are harvested on small, family-run farms with less than two hectares of land and an average yield of just 600-800 kg per year”. (Cocoa life 2020). These Farming families are already facing the adverse effects of climate change and the threats it poses to their business. If no preventative measures are taken, within 30 years current cocoa growing regions may no longer be able to facilitate cocoa production. (cocoa life, 2020) as the country’s leading export, cocoa bean farming is crucial to the survival of these family businesses as their primary source of household income, and with little to no other work, these families may otherwise struggle to survive.

As well as the primary level of production with farmers and their families effected, the secondary and tertiary sectors will also be hugely impacted as the effects trickle down if cocoa becomes less available. Cocoa is needed to make chocolate which is widely used worldwide. Although they may lack cocoa solids, white chocolate, and many cosmetics have cocoa butter. “The uses of Cocoa Butter are abundant, ranging from medicinal to cosmetic. Its many forms include massage oils and balms, tanning oils, lotions, creams, soaps, lip balms, lipsticks, shampoos and other hair care products, and ointments or salves.” (New Directions Aromatics, 2017)

Any business selling these products will be negatively impacted if the costs rise due to lack of availability, or if the ingredient ceases to become available. They may need to reinvent their products to use other ingredients, however in many of these products, cocoa butter is a key component due to its all-natural moisturizing properties and alternatives may not perform as well or be as appealing, especially if synthetic. Reinventing an otherwise successful product can be expensive and any drop in resulting quality may lose them customers, and therefore profits. From a business standpoint this is an undesirable risk.

Coffee (Arabica and Robusta)
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In a similar way to cocoa, coffee also requires specific conditions to grow and produce a good harvest. Arabica coffee (Coffea arabica) makes up “roughly 70 percent of worldwide coffee production. Arabica coffee’s optimal temperature range is 64°–70°F (18°C–21°C). It can tolerate mean annual temperatures up to roughly 73°F (24°C).” (Scott, M. 2015, 19th June) If temperatures rise, the coffee pods may flower earlier, causing a drop in quality of the beans harvested. “Continuous exposure to temperatures up to and just over 86°F (30°C) can severely damage coffee plants, stunting growth, yellowing leaves, even spawning stem tumours.” (Scott, M. 2015)

Like cocoa exports, Coffee sales and exports is a huge contributor the economies of coffee cultivators and growers in “North, Central, and South America; the Caribbean; Africa; the Middle East; and Asia.” (Scott, M. 2015)

According to a 2014 study (Bunn, C. et al) it is estimates that even with steadying declines of CO2, with the rate at which we are moving, we can expect to lose 50% of the land currently suitable for growing the main species of coffee beans, Arabica, and Robusta, “which account for 99% of commercial supply” by 2050. Countries likely to be most affected by this are Brazil and Vietnam which are the major world suppliers for coffee (Schlossberg, T. 2021) 

“Mr. Vilchez, who also manages an agricultural cooperative of about 300 farmers, said that the effects of climate change — rising temperatures, less predictable rainfall, wild swings from drought to flooding, new pests and more — were making it more and more difficult to earn a living from coffee, an experience felt by farmers around the world.” (Schlossberg, T. 2021)

Once planted, the trees take several years to reach maturity before they can grow coffee pods and require suitable climate conditions with the right temperatures and rainfall to do so. With climate change, growing land, which is suitable one year, may no longer be suitable the following year (s).  If farmers growing coffee can’t sustain themselves or their crops, the industry of coffee growing will struggle to stay afloat. 

Trials of growing coffee in different regions and with a combination of different varieties of coffee more resilient to climate fluctuations are the way forward in finding ways to cultivate the trees. This is costly and not all crops will survive or produce much harvestable crops, however, without trialling different varieties in different conditions, we will struggle to adapt coffee growing to new climate conditions. Once stronger varieties are identified and we understand the genetics that allow it to be resistant, we can attempt to pass these genes across into other varieties. This leads me into the following section.


GM crops 
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GM stands for genetic modification or genetically modified. This process involves altering the genetic code of a living thing, in this instance we are looking more specifically at crops. To GM a crop “an individual or a small number of genes are inserted into a plant...to make it develop differently than it normally would” (Food Standards Agency. 2018, 9th January). The genes can be extracted from the same species but a different variety, or from an entirely different species. GM may, for example, be used to make a crop more resilient and able to grow in climates with scarce water supplies/rainfall. To do this, the gene responsible for making another plant resistant in drought, is inserted into the new plant, which then incorporates the inserted gene into its own DNA.
GM crops can also be artificially enhanced in labs to create plants resistant to some pesticides or diseases, and in some cases can reduce the amount of energy, chemicals and water needed for it to grow. (Sullivan, J. 2021)

GM crops are often also modified to grow larger quantities. Scientists and bioengineers are attempting to modify some crops to be able to produce their own useable fertilizer. “Fixed nitrogen is a key ingredient in important biomolecules, including amino acids, the building blocks of proteins.” (Stokstad, E. 2016) Farmers are having to rely on applied fertilizer to ensure the plants get the nitrogen they need or “planting legumes, which host nitrogen-fixing bacteria in their roots.” Engineering the DNA of cereals to produce their own supply of nitrogen without the need for additionally applied fertilizer would be “a tour de force of biotechnology”. It could aid is solving two major issues faced by the farming industry for these crops: “the overuse of artificial fertilizer, which can pollute aquifers or water bodies, and the shortage of fertilizer that plagues small farmers in the developing world.” (Stokstad, E. 2016)

“Wheat is the most commonly grown crop across the world by acreage” (Sullivan,J.2021) and is used globally to make staple foods such as bread, pasta, flour, noodles. Wheat is also used in many animal feeds. “Prof Matt Clark, a museum research leader who is studying wheat DNA” is working towards finding solutions to meet the rising demand with a growing population, and threats of climate change” (Sullivan, J. 2021) With a team of over 600 scientists joining forces to study the genetic makeup of wheat, we are now able to sequence the wheat genome (as of 2018). This newfound understanding of wheat enables the possibility to selectively bread new strains of wheat with desirable traits, such as being more resilient and able to withstand harsher weather conditions, or the ability to hold more iron. 
This is a huge breakthrough with climate change und unpredictable weather an ever-growing threat. It means sustainability and climate security for an essential crop, which could otherwise be severely impacted by infrequent weather, heavy rain and change sin temperatures. (Sullivan, J. 2021). 

This newfound security helps businesses dependant on wheat crops to sustain themselves and their businesses. The farmers themselves, and the businesses they supply, such as bakeries, supermarkets, food producers, and suppliers of animal feed would all be hugely at a loss if these crops became unsustainable. With an ever-expending population and a new growing turn to vegetarianism and veganism, its is even more critical to ensure our crops can grow and provide enough yield in the new climate conditions with which we are now being faced.

[bookmark: _Hlk87029805]Cotton is a naturally very unsustainable crop needing “approximately three thousand litres of water to produce just one cotton shirt.” (The conscious club. 2019, 19th May) Although organic cotton is ‘natural’ it is certainly not ‘better for the environment’ than some alternatives like hemp which grows faster needing significantly less water. GM cotton takes up less water however it is still needed in vast amounts and is therefore unsustainable in warmer temperatures.



Arguments against the use of GM include fears that these GM crops will breed with other plant species causing problems with the development of native plants, however, GM crops are able to be developed to be unfertile, the gene that produces fertile pollen can be ‘switched off’ ,a concept previously explained in is article. Another common argument is concerns over nutrition and problems with allergies that could arise from cross breeding with new genes. The FSA thoroughly test all GM foods for food safety, nutritional value, and allergy risks. In accordance with FSA regulations, any food produce for human consumption that is GM or made with GM ingredients must be disclosed on the packaging. Although GM produce is thoroughly checked for safety and nutritional value, including allergy information by the FSA, the consumer still has a right to choose and so labelling is a legal requirement. However, “Foods produced with the help of GM technology do not have to be labelled. An example of this is cheese produced with the help of GM enzymes which are used to clot the milk in the production process. These are not ingredients in the cheese.” In addition to this farm reared animals which produce meat, milk and eggs can be fed with GM animal feeds such as wheat, corn etc and this does not have to be disclosed to the consumer. (FSA, 2018)

If a farmer is to plant 5000 seeds for non GM carrots and due to bad weather conditions and pests eating the crops, only 2000 can be harvested and sold, the farmer can charge more  as a premium for non GM produce, which somewhat covers the losses. However, if this was standard practice and not a premium product with a higher price tag, these farmers couldn’t afford the risk of losing so much of the harvest and there would become a lack of availability of produce as crop failure costs farmers sales and profits. With less money from sales and a family to sustain, it becomes too expensive of a risk to plant these failing crops.  
In conclusion, the right to choose is important especially with food products and so those who object to consuming GM crops can make informed choices to avoid them. Although due to the issues outlined in this article, it is globally becoming unsustainable to produce all non-GM crops. This why GM crops, able to withstand harsher conditions, and produce bigger harvests, are a huge part of the future of sustainable, affordable agriculture and a way to maintain food production to meet current and growing demands.
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