Example of a Research Paper

Just as animals around the world have evolved to better survive in their environments, botanical life everywhere has also been forced to grow and adapt to their habitats. Every plant—from the smallest strain of seaweed to the tallest redwood—is the result of billions of years of competition for optimal growth conditions. In many places with harsh conditions or where there is a very large population of plants competing for limited resources, some plants have developed amazing ways of surviving. Some are poisonous to prevent animals from killing and eating them, while others have become carnivorous, eating and digesting insects to make up for a lack of nitrogen that most plants would absorb through soil. The greatest example of plant adaptation, however, is found in a unique succulent, more commonly known as the cactus.

        The majority of cacti are made up of four simple parts: the stem, the needles, the flowers, and, like all plants, the root system. The stem of a cactus acts as the plant's water storage system. Once water is drawn in through the roots, it can be stored in the stem for long periods of time, allowing the cactus to live through the long periods of drought and intense heat for which deserts are so well known. While most plants absorb sunlight and photosynthesize through their leaves throughout the day, for most succulents, these vital processes are also performed by the bulky stem. All plants have stomata, or pores, on them that allow them to breathe in carbon dioxide necessary for photosynthesis. When these pores open to let in the gas, water vapor escapes. This is fine for most plants, but in a desert habitat, this precious water evaporates rapidly. To prevent this, cacti open their stomata at night, when it is significantly colder and much less likely to evaporate. “Their problem then is that, as the carbon dioxide cannot be turned into sugar in the dark, it has to be stored in the form of organic acids. The cell sap of the succulent thus becomes more and more acidic as its night-storage acid batteries become fully charged” (Bellamy). When the sun rises, the plant once again closes its pores and begins taking in sunlight, which allows it to complete the process of photosynthesis by turning the stored acids into glucose, or sugar. This unique succulent trait is called crassulacean acid metabolism and is something most people would not expect from a mostly branchless plant covered in spikes.

        Despite having few other plants providing competition, succulents have had to overcome some of the harshest living conditions on the planet. Extremely high temperatures during the day and evening temperatures that often dip below freezing are only the beginning of problems for desert plant life. Scarce rainfall coupled with very dry air make it difficult for plants to obtain water needed for photosynthesis and create competition between animals and plants. Desert-dwelling animals also have problems obtaining water, but unlike plants, which are rooted in one place and are very limited in the ways of defense, animals are free to eat whatever plant life they can to acquire water or simply move to an area where it is easier to obtain water and nutrients. The competition provided by desert animals attempting to acquire water from plants has led to the cactus’s most obvious and distinctive evolution: its hard, sharp spines or needles.

        Needles are arguably the most important part of all cacti and are without a doubt the most obvious sign that a plant is in fact a succulent. The reason needles are so vital to cactus survival is because they protect the plant's stem, where photosynthesis is performed and water is stored. Without this protection, cacti would still be suited for desert living because of their unique methods of surviving the extreme temperatures, but they would also be an incredibly popular source of food and water for desert animals. While some animals have evolved to work around these hard, sharp protectors and crack into the juicy innards of the plant, these spines have been keeping cacti alive for thousands of years: “Spines have been known to persist unchanged on the trunk of giant Suaharos several centuries old” (Hylander). It is a widely known fact that the most well-armored cacti grow in the hottest areas. In these areas, the heavy lattice of needles can help to block some of the sun's rays, keeping the cactus from overheating and the water inside from evaporating even with the stem's tightly closed pores.

        While the needles of succulents often make the plants look hazardous, inhospitable, and sometimes just plain ugly, when they flower in the spring, they are some of the most beautiful plants on the planet. Many cacti flower only at night, closing up during the day because the flowers themselves are often very sensitive to the relentlessly bright rays of the sun. Some of these beauties are so delicate that they only bloom for a single day—or even mere hours in some cases. The flowers come in a variety of different shapes, sizes, and colors, although the night-blooming flora is often mostly white, making them easy to see in the dark:

Some of the blossoms are six inches in diameter and twice that in length; many are broadly cup-shaped, others funnel-shaped; most have numerous sepals grading in color into the brilliantly scarlet, purple, yellow, or snowy white petals. Inside, is a golden tangle of stamens—three thousand of them in the Suaharo flower (Hylander).

Americans and Mexicans should be especially proud of this stunningly gorgeous plant, since the southwestern United States and Mexico are where the succulent family originated before it quickly spread as far north as Alberta and all the way south to the Straits of Magellan. All cacti found outside the American continents—even in Australia where they seem a natural part of the environment—were at some point introduced to the land from the Central American region. The only known exception to this is “some species of the Mistletoe Cactus, which are now native to South Africa, Madagascar, and Ceylon, brought as seeds to those countries from Mexico and South America by ocean flying birds” (Hylander). Many of the succulents that now grow in Asia were chosen specifically for their radiance.
        There are many different species within the succulent family that are the specimens of ethnobotanical research because of their long history of use among the peoples native to the Central American region. Many of the cacti in the Trichocereus genus, such as the Trichocereus Pachanoi, the Trichocereus Peruvianus, and the Trichocereus Terscheckii, more commonly known as the San Pedro Cactus, Peruvian Torch Cactus, and Cardon Grande Cactus respectively, have been ingested in ritual ceremonies for thousands of years in the Americas for a chemical they produce called mescaline. Mescaline is a psychedelic which is also found strongly in the Lophophora Williamsii, or Peyote Cactus. It is described by Richard Evans Schultes as causing:

a period of contentment and over-sensitivity, and a period of nervous calm and muscular sluggishness, often accompanied by hypocerebrality, colored visual hallucinations, and abnormal synesthesiae. Alterations in tactile sensation, very slight muscular incoordination, disturbances in space and time perception, and auditory hallucinations may accompany (Schultes).

Other cacti, such as the Agave Tequilana Azul or Blue Agave, are grown and cultivated specifically for distilling with alcohol for a unique taste. The Blue Agave plant has been used for around five centuries, and is still the preferred choice today, as the plant from which tequila is distilled.

        The succulent family is, without a doubt, one of the plant world's most evolved species. Their many unique traits make them perfect for survival in the cruel, inhospitable desert environment. Needless to say, most other plants would not be able to live with the high daytime temperatures, low nighttime temperatures, intense sunlight, and anything goes attitude of the desert's natural animal life. Not only are cacti the prime example of the plant world's ability to overcome all odds, but they are also the pride of both North and South America, having enjoyed a long and rich heritage in the New World. Cacti have recently begun to sink their roots into the other continents, both literally and figuratively. 

Many species are valued in Europe and Asia for their fierce beauty, while others seem completely natural on the continent of Australia. Succulents are a proud family of plant that will continue to grow, flourish, and be respected by humans wherever they find themselves on Earth for millennia to come.
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