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Since the early 1970s Africa has consistently been one of the most undernourished regions in the world. It is currently the only region on Earth where human poverty and hunger both continue to increase.
 However, Africa’s food shortage issues have not always been so devastating. From 1966-70, the African continent was still a net exporter of food, but by the late 1970s it was importing roughly 4.4 million tons of food per year.
 By 2002, sub-Saharan Africa was importing roughly 19 million tons of food, in the form of grain and grain equivalents, with more than 15 percent of these imports coming in the form of international aid.
 Africa’s bleak food scarcity condition can be attributed to a number of causes such as violent conflict, poor governance, a lack of infrastructure, HIV/AIDS, and climate change. Yet, one of the largest factors reflecting Africa’s food shortages is the failure to increase the productivity of its land and labor. To put this in statistical perspective, Africa’s farms produced on a per capita basis three percent less in 2005 than in 2000, 12 percent less than in 1975, and 19 percent less than in 1970.
 This consistent trend of poor agricultural productivity has contributed to widespread poverty. Roughly 70 percent of all African citizens rely on agriculture for employment and income, most of who will continue to remain poor as long as the current agricultural productivity stays constant.
 

Human labor in farming becomes more productive, and subsequently more lucrative, when there is open access to improved methods, tools, materials, complex crop varieties. A predominance of smallholder farms in Africa have yet to make these important gains for number of economic, cultural, and infrastructural reasons. As a result, millions of farmers continue to struggle through poverty and malnutrition on a daily basis. This paper will contend that genetically modified (GM) technologies are a necessary and realistically viable piece to Africa’s agricultural present and future. It will start by describing a brief history of plant breeding and Genetically Modified Organisms (GMOs). The paper will then discuss the various social, ecological, and economic benefits of implementing GM technologies by responsibly respecting Africa’s vast ecological and cultural complexity.  It will then talk about Africa’s fear of GMOs and possible reasons for why it has not yet incorporated GM technologies into mainstream agricultural processes on a wide scale. Finally, this piece will discuss viable and sustainable GM implementation methods with respect to Africa’s complex array of ecological and cultural systems.

Plant Breeding and Genetically Modified Organisms 


The origins of plant breeding and genetic modification can be dated back roughly 10,000 years to the start of the agricultural revolution. The agricultural revolution enabled people to produce and store food, eventually leading to profound effects on human history and the living world as a whole.
 Plant breeding was a major advancement of the agricultural revolution and is a technique that greatly influences modern agricultural production. One of the earliest forms of plant breeding can be linked to the domestication of maize in middle America roughly 7,500 years ago. Maize was originally derived from teosinte, a plant that today looks so different from maize that their relationship is only decipherable on the genetic level.
 The development of maize, as we currently perceive it today, entailed successive rounds of selection of high quality plants with favorable characteristics. Farmers and plant breeders selected and planted the seeds modified varieties and continued these selective processes over many generations. 

While plant breeding has been used successfully for thousands of years, there are drawbacks that limit the efficiency and quality of this system. Plant breeding is an unpredictable process involving thousands of genetic variables. For example, after scientists cross-pollinate two different varieties of plants with desirable traits, they collect the seeds and plant them. The breeders then select the plants that possess the favorable characteristics of both parent plants. However, the plants that grow from these seeds embody a random mix of tens of thousands of genes from each of the parent plants. Due to the randomness of this process, the selected plants may have acquired an undesirable trait not previously seen in either parent. This trait could be negative, like something that makes the selected plants more susceptible to plant viruses, forcing the breeders to abandon the plants and find new ones.
 

Conventional plant breeding can also produce a higher level of natural toxins in modified plants. There are a number of wild plants that contain toxic compounds that have evolved, more specifically in this case I will present to you, as defense systems against predators. Plant breeders have bread wild plants over time to contain fewer amounts of toxins so that humans may consume them safely. For example, the wild cabbage, a close relative of cultivated cabbage, broccoli, and cauliflower, naturally contains roughly two times the level of potential toxins in its leaves compared to cultivated cabbage.
 However, there have been several examples where plant breeding has inadvertently led to increased levels of toxins in modified plants. For example, to reduce the use of synthetic chemical pesticides, plant breeders have developed plants that have a greater resistance to insects. These plants frequently contain higher levels of natural toxins than non-modified plants, in order to more effectively repel insects. For example, a new variety of highly insect-resistant celery was in introduced in America in the early 1990s. People who handled the celery complained of developing rashes and burns on their skin after going out into the sunlight. It was later found that this celery contained more than seven times the amount of carcinogenic and mutagenic substances called psoralens, than normal celery.
 Psoralen is a compound found in many plants that can make humans and animals more sensitive to exposure to light.
 In this case, the breeders could not effectively control the amount of insect repelling toxins while diminishing their adverse effects on human health. The next paragraph will talk about the genetic modification of plants and how it differs from plant breeding. 
While traditional plant breeding techniques have resulted in the production of a broad variety of crops, the process is largely randomized, inefficient, and slow. Genetic engineering, also known as recombinant DNA science, allows individual genes with desired traits to be moved directly from one organism into the living DNA of another.
 This process is called plant transformation and the genes involved are selected to produce proteins that are responsible for a specific trait. Eventually, the procedure of plant transformation results in the creation of a transgenic plant.
 Transgenic plants are also known as Genetically Modified Organisms, or GMOs. GMOs are organisms, plant varieties in this case, that have been genetically altered for a specific purpose.  Genetic engineering advances the science of specialized crop production by allowing crop scientists to use genetic traits from species that are outside of the normal reproductive range of the plant being developed. For instance, a gene from an outside species that is resistant to a common crop pest can be inserted into the cells of the crop plant one is trying to enhance, thus providing that plant resistance to the crop pest. Once the desired trait has been introduced into the living DNA of a host plant, it becomes inheritable when that plant reproduces naturally.
 One can see how the precise nature of genetically modifying could be extremely useful, and flexible, when addressing Africa’s array of complex ecosystems and traditional farming infrastructure. 

However, genetic engineering is a relatively young mainstream method of plant production. India and China’s successful Green Revolution in the 1960s and 1970s was based on the development of new seeds through conventional plant breeding techniques. These traditional plant-breeding practices started with selection breeding, which is the cross pollination of plants that are sexually compatible. After the plants grow, one can select the offspring with the most desirable traits. In the early twentieth century, scientists began to advance more controlled and potent forms of cross-pollination, including hybrid crosses between inbred parent lines.
 Norman Borlaug, often referred to as the “father” of the Green Revolution, used similar processes during the development of his high-yielding, disease resistant semi-dwarf wheat plant varieties. However successful hybridization may be, it does not allow the inheritance and subsequent reproduction of specific traits from other plant species. 
GM Crop Varieties and Potential Benefits for Africa


The implementation of more successful GM crops in Africa would undoubtedly have a number of profound effects on the continents human population, economy, and numerous ecosystems. In general, crop yields are much lower on Africa than on other continents. For example the average yield of commercial farmers in South Africa is roughly three tones per hectare. Among small-scale farmers, who constitute the majority of farmers in Africa, it has been estimated to be as low as 0.1 tonnes per hectare. To put these numbers into perspective, the average yield in the USA can be as high as 10-15 tonnes per hectare.
 Like previously stated in this paper, there are a number of reasons for Africa’s poor agricultural production and subsequent food insecurity. They consist of poor soil, harsh ecological conditions, poor infrastructure for transport of, and access to, food, and declining investment in agricultural science.
 There are a number of GM crops that have been produced, or are in production, in order to combat the contributing factors to Africa’s poor agricultural productivity. Firstly, one must understand the four main types of GM crops and their relation to improving agricultural productivity in Africa. This section will first describe a group of crops that has successfully been integrated into agricultural systems worldwide: Insect resistant crops.

In this section I will briefly talk about each of the four major groups of GM crops. These groups are insect-resistant crops, herbicide-tolerant crops, virus-resistant crops, and drought-tolerant crops.
Intro. Paragraph For Possible Negative Consequences of GM Implementation
Other experts believe that a more precautionary approach to GMO implementation must be taken to preserve human health and environmental safety. Additionally, some African countries are hesitant to accept or invest in GMOs because they feel that cross contamination between GMOs and non-GMOs could limit their ability to export in future (Lieberman & Gray, 2008). Other opponents also claim the implementation of GMOs might deplete biodiversity and increase the vulnerability of smallholder farmers (Ayele, 2007). Smallholder farms are important for the preservation of biodiversity because they limit the production of monoculture plants and reduce the risk of widespread plant disease. Many experts also believe that there needs to be a greater effort to spread awareness about GMOs before they are implemented on a wide scale. While there are clear, short-term benefits related to yield productivity and hunger alleviation, the human and environmental impacts are still largely unknown throughout most of sub-Saharan Africa (McGeoch & Pringle, 2005).

Notes/Thoughts for Paper

There needs to be a system where private companies work with NGOs to produce and spread GMOs to countries in need.

There is a difference of perspective between Africans, Europeans, and Americans on food security issues and the use of genetically modified crops. I will write about this topic in the section addressing Africa’s intolerance to GM crops and susceptibility to European and American influences. 

There needs to be a system where private companies work with NGOs to produce and spread GMOs to countries in need.

AGRA is an influential group headed by Kofi Annan and financially backed by the Rockefeller Foundation and the Bill and Melinda Gates Foundation. I can also use the example of golden rice as a nutritionally infused GM crop (and golden sorghum and cassava). 
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