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			Preface

			Almost every day, there are new stories about threats to the natural environment or actual damage to it, or about measures that have been taken to protect it. The news is also not always bad. Areas of land are set aside for wildlife. New forests are planted. Steps are taken to reduce the pollution of air and water.

			Behind all of these news stories are the scientists working to understand more about the natural world and through that understanding to protect it from avoidable harm. The scientists include botanists, zoologists, ecologists, geologists, volcanologists, seismologists, geomorphologists, meteorologists, climatologists, oceanographers, and many more. In their different ways, all of them are environmental scientists.

			This set will enrich the studies of the high school students for whom the books have been written. The discovery of the earth series will help science students understand where and when ideas originate in ways that will add depth to their work. For humanities students, it will illuminate certain corners of history and culture they might otherwise overlook. These are worthy objectives, and the books have yet another. They aim to tell entertaining stores about real people and events.
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			Chapter - 1	Green Earth

			1.1	Introduction

			Life would be impossible without plants. They provide our food, either directly or in the form of plant-eating animals. They supply, any of the fibers we use, the timber to build our homes, our fuel for heating and cooking, and wood to make tools and furniture. It is not surprising, therefore, that people have been studying plants for thousands of years. This book tells of that search for understanding and some of the individuals who contributed to it.
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			Fig. 1.1 Green Earth

			Source: https://flaircleaners.com/wp-content/uploads/dr-james-clean-earth-for-you-clean-earth-green-earth-and-how-to-500x356-300x214.jpg

			

			This book begins the story in ancient Greece, where philosophers first speculated about the origin of plants, and the study of botany began. The book then considers medicinal plants, which were of prime concern to the founders of botany. Until modern times, most medicines were obtained from plants and physicians were taught botany so they could identify herbs with therapeutic properties. Then, rather than spending time collecting medicinal herbs in the wild, people began to cultivate them in gardens, a practice that may have begun in China, but that flourished in Europe. At the same time, as they were cultivating useful plants, botanists were also listing them in books that described each plant, with instructions for its cultivation and uses.

			In time, the herbal- a list of medicinal and culinary herbs- grew into the flora- a list of plants of all kinds- and gardens designed on the lines of monastery herb and vegetable gardens expanded to become botanical gardens, exhibiting a wide range of plants for mainly educational purposes. The development of the concept of the botanical garden was soon lined to botanical garden explorations overseas, and botanists were dispatched to far regions of the world to collect specimens of exotic plants that could be thrown back home. Many of the plants they brought to the botanical gardens later found their way into private gardens, where they were grown for ornament. Plants recount the adventures of some of the most famous plant collectors.

			As botanists recorded more and more of the plants growing in their own countries and as an increasing number of plants arrived from abroad, the ever-lengthening lists of plant names became very un-wildly. Botanists- and gardeners- needed a simple and unambiguous system for classifying plants that would allot a unique name to each type. The book tells of the way such a system developed, finally becoming the classification the scientists use today.

			Overseas exploration also led botanists to consider the way plant species are distributed globally. They speculated about why particular plants grew where they did, and they observed that similar types of vegetation occurred in regions with similar environmental conditions, but that those vegetation types are often composed of entirely different and only distantly related species. The study of plant geography led to speculation about the ways plants adapt to their environment, which led in turn to the investigation of plant evolution.

			Thousands of years ago out ancestors obtained their plant foods- fruits, seeds, leaves and roots- by gathering them from plants growing wild. Then they began to cultivate some of those plants, and very slowly, the plants were transformed into the domesticated crop plants that farmers grow today. The book describes the origin of some of the most important crops and tells a few of the stories associated with them. These include a few colorful legends, but also historical events that have given us chocolate, rubber as well as the famous mutiny on board HMS Bounty.

			Plants do not grow in isolation, and by the 19th-century, botanists were beginning to study them as communities. This branch of botany developed into plant sociology, which was also a branch of plant ecology. The book describes the early development and why scientists think it is important.

			People have been thinking about plants and studying them for thousands of years. In the course of that long history, they have accumulated vast amounts of information, and even if it were possible to compress all of that into a single volume, the result would be unwieldy and confusing. This book makes no such pretense. It amounts to nothing more than a series of snapshots providing brief glimpses of some of the vents that have led to the present scientific understanding of plants and short accounts of the lives of a few of the remarkable individuals who have contributed to that understanding. The book has a glossary defining the technical terms used in the text, and for readers who would like to pursue the subject further, there is a list of books and Web sites where they will be able to learn more.

			1.2	A Short History of the Earth

			How old is the Earth? How is it formed? How did the stuff that makes up the Earth get here? How is it different from its sister planets? Why is it structured in layers or spheres? What are some of its major features? What forces, processes, and systems are involved in Earth’s well-being? When and how did life form on Earth? What is the importance of the biosphere? Do other planets have biospheres? If not, why not? What are some of the biological and social implications of human interaction with the biosphere? From the beginning of human existence, people have asked these questions and too often have provided mythological answers, not until early scientists, mainly astronomers and geologists, learned how to both ask and answer questions for which empirical data could be gathered, measured, and analyzed did we begin to understand the nature of our Earth. Answers to the preceding questions, and many others, are provided in this book. For now, let us review a few facts about the Earth.
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			Fig. 1.2 Earth Before and After

			Source: https://i.ytimg.com/vi/QwVfTVlZlz8/maxresdefault.jpg

			Several methods indirectly determine the age of the Earth. The most recent is the radiometric dating of meteorites that have landed on Earth that indicate an age of about 4.6 billion years. Other systems for estimating the Earth’s age were developed over the years. One is the uniformitarianism principle, which involves estimating changes over long periods with the assumption that scientific laws and geological processes and forces that operate today also operated in the past. This method is sometimes referred to as ‘The present is the key to the past.’ One early example of its use was the attempt to determine the amounts of mineral salts that are added to the oceans from land-based sources each year, then calculate the number of years required for the oceans of today to contain 3.45% salts. This is about the same salinity as two-thirds of a teaspoon of table salt dissolved in a glass of water. Historically, this method yielded a variety of ages for the Earth. One estimate for the age of the oceans was 1,000 million years. Others who used the salt method estimated the age of the Earth as 30 to 90 million years. All of these ages are underestimates, but they are more accurate than the estimates of 6,000 or 10,000 years based on biblical documents. Just as do all living things, the Earth gradually changes over long periods, enabling geologists to measure the present with the past by establishing rates of change. Other systems use this concept, which works by calculating the rate of a specific, slow change that occurred in the past, followed by calculating the total amount of change, then dividing the latter figure into the former. 

			Using this method, it is possible to estimate the following:

			(1) 	the rate that soil particles from sediments in rivers and ocean beds and are n turn formed into rock layers; 

			(2) 	the time of the arrival of fossils on the Earth. A more accurate method utilizes the decay process based on the half-life of radioactive elements. Using several elements with different half-lives, scientists calculate the current figure for the Earth’s age to be about 4.6 billion years. It is generally accepted that the planets, including Earth, were formed shortly after the sun became a viable thermonuclear fusion star. By the process of accretion, the leftover star material formed into approximate sphere-shaped globular bodies as they revolved around the sun. As they settled down to become planets, their gravity continued to attract meteors, comets, and other cosmic debris to their surfaces, a process that continues today. Alternatively, a similar process may have occurred when a massive star passed out of the sun, resulting in the streaming of material from these bodies that formed the planets as it proceeded to revolve around the sun.
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			Fig. 1.3 Geologic Time on Earth

			Source: https://courses.lumenlearning.com/cuny-lehman-geo/chapter/earth-history-in-the-nutshell/

			When the chunks of matter, dust, and so forth were pulled together by gravity to form a new planet, this space debris was loosely held together and not completely solidified. Thus, as the Earth continued to spin on its axis, physical forces acted on this material like a cream separator. Centripetal force and gravity held heavy materials near the new planet’s center, whereas the opposing centrifugal force pushed the lighter, led dense materials to form the outer layers of the geosphere. The inner, heavier materials formed the mantles and the denser metallic core. The same forces formed other planets, although they evolved differently from Earth for several reasons. Some were at a greater distance from the sun, and some were closer to the sun than the Earth. In both cases, the development and support of life, such as that found Earth was impossible.

			The Earth’s atmosphere developed in several stages and was based on the availability of about a dozen elements derived from stellar masses. The most important were gases: hydrogen, helium, water, neon, ammonia, methane, hydrogen sulfide, and argon. Helium, neon and argon are inactive and thus were not of major importance in the formation of the ancient atmosphere. Earth’s gravitational pull was great enough to hold some of these gases, but not all.

			The early motions of Earth were the same as several measurable movements that the Earth experiences today. The two major movements of the Earth that directly affect our lives are (1) its rotation on its axis that causes night and day, and (2) its movements as it revolves about the sun that, along with the Earth’s inclination to its equatorial plane toward the sun, is responsible for the change of seasons. At the equator, the speed of rotation is 1,600 kilometers per hour. 

			The velocity of the second motion as we revolve around the sun is 105,000 km per hour. Three additional motions are less apparent. Earth has slight wobble as it spins on its axis, as well as another wobble as it proceeds in its orbit around the sun caused by the moon-earth mutual gravitational system. Both of these wobbles are partially the result of weak gravitational forces between the Earth and other near planets in the solar system. Recent research indicates that these slight changes in the Earth’s motions may have long-term climate effects. A less noticeable motion is the relatively slow spinning of the Milky Way galaxy. Our entire solar system is located in one of the spiral arms of the Milky Way galaxy, not in its center. We are located about 30,000 light-years to one side of the galaxy center. It takes the Milky Way about 200 million years to complete one rotation. Amazingly, we have little feeling or awareness of all these movements.

			

			Basic physical laws and principles are universal. As far as we know, they have always affected the Earth, from its birth through its growth and expansion, along with the universe and all of its myriad forces that affect both the form and functions of our planet and all other celestial entities.

			1.3	Exercise

			1.	Describe the history of the Earth.

			2.	What are the two major movements of Earth that affect us?

			3.	What is the salt method?

			4.	Why would life be impossible without the Earth?

			

			Chapter - 2	The Father of Botany 

			Natural history is the study of plants and animals, with the emphasis on observation rather than experiment. People have always made use of plants, of course, but as a means to an end, a resource to be utilized. They gathered plants for food and medicines, and later they cultivated them; they constructed their buildings, boats, and many tools and utensils from plant materials; and they wove cotton, linen, hemp, and jute to make cloth. Once the writing was invented, people made paper from papyrus, hemp, and cotton, before turning to the wood pulp in modern times; all of these are plant products. Communities had been doing these things for thousands upon thousands of years, but people gathering or cultivating plants and craft persons converting plant materials into useful articles did not need to understand any more about the plants they used their properties and how to exploit them.

			It was not until the cultural flowering in ancient Greece that scholars began to speculate about the origins of plants, to investigate their growth and structure, and to attempt to catalog the many different kinds of plants. That was the beginning of natural history, and in later centuries it led to the study of botany and eventually to the modern scientific disciplines that are grouped as the life sciences.

			2.1	Theophrastus, the Father of Botany

			When Aristotle quit Athens for the last time, he left his friend and assistant Theophrastus to lead the Peripatetic school. In his will, Aristotle bequeathed to Lyceum buildings and garden and his library to Theophrastus and made Theophrastus guardian of his children. Theophrastus was a popular teacher, some accounts claiming he had 2,000 students, and he lived to a good age. His dying words are alleged; it has been a complaint that he was just beginning to gain an insight into life’s problems.

			[image: Image result for Theophrastus, the Father of Botany]

			Fig. 2.1 Theophrastus, the Father of Botany

			Source: https://media.sciencephoto.com/image/h4200234/800wm

			Theophrastus was not his real name. He was born as Tyrtamus, and Theophrastus, which means ‘divine speech,’ was a nickname, probably given to him by Aristotle and referring to his skills with the spoken word. All that is known about the life of Theophrastus comes from ‘Lives and Opinions of Eminent Philosophers,’ a book by Diogenes Laertius, who lived about 40 years later and about whom even less is known, not even the years he was born and died. According to Diogenes Laertius, Theophrastus wrote 227 major works as well as some shorter ones. Most of these have survived only as titles or fragments, and they consist of what appear to be lecture noted rather than the texts of books. The two exceptions are Theophrastus’s most important works: ‘De Historia Plantarum’ and ‘De Causis Plantarum.’ With these works, Theophrastus initiated the methodical study of plants.

			Theophrastus grew plants in his botanical garden, and he encouraged his students, many of whom lived a long way from Athens, to observe the plants that grew near their homes. Theophrastus described more than 500 plant species and varieties, classifying them as trees, shrubs, under shrubs, and herbs. He was the first person to distinguish between monocotyledons and dicotyledons. Monocotyledons produce a single seed leaf, and the leaves have parallel veins; dicotyledons produce two or more cotyledons, and the leaves have a network of veins. He recognized a fundamental difference between trees that produce cones, such as pines and firs, and those that bear true flowers, such as oaks and aspens. He recorded the different ways plants can reproduce- from seed, cuttings, or roots- and noted that when cultivated trees were grown from seed, they often reverted to the wild type, but wild trees did not change from one generation to the next. He described seed germination and the anatomy of different types of flowers, noting that some flowers have petals, and others have none.

			Not surprisingly, for centuries, ‘De Historia Plantarum’ and ‘De Causis Plantarum’ were the basic texts for teaching botany. They were translated unto Latin in 1483 and again in 1497, and a German translation appeared in 1822. Theophrastus’s reports were usually accurate, although he relied for his information about African and Asian plants on accounts by individuals who had taken part in the campaigns of Alexander the Great.

			‘De Historia Plantarum’ consisted of nine volumes. Volume 1 described plant anatomy. Volumes 2 through 5 were on woody plants, including instructions on cultivation, the treatment of diseases, and the uses and treatment of wood. Volume 6 described herbaceous perennials, volume 7 vegetables and their cultivation, volume 8 cereals, peas and beans and volume 9 saps and medicines derived from plants. De Causis Plantarum consisted of six volumes.

			Theophrastus was born in about 371 at Eresus on the Greek island of Lesbos. He commenced his education on Lesbos, where his teacher Leucippus introduced him to the philosophy of Plato. Theophrastus enrolled at Plato’s Academy in Athens, and when Plato died, he became a follower of Aristotle, probably remaining with him during the time Aristotle spent in Macedon. By all accounts, Theophrastus was a kind, generous man and highly popular. When an attempt was made to bring a charge of impiety against him, the case collapsed. After he died in about 287 B.C.E, Theophrastus was given a public funeral, and Diogenes Laertius wrote that the entire population of Athens turned out to honor him.

			2.2	Medicine and Plants

			In Uganda’s Kibale National Park, scientists have observed chimpanzees searching for and then chewing the bark or leaves of plants that have very little nutritive value, but those local people used to relieve symptoms of malaria and diarrhea. The chimps also chew these plants when they are sick, and they, too, use them in order to rid themselves of intestinal worms as well as to treat malaria and diarrhea. White-faced capuchin monkeys in Costa Rica rub plant material on their bodies, using plants that are known to have insect- repellent and other medicinal properties. 

			There are many instances of nonhumans- and not only primates- self-medicating with plant substances, and it seems obvious that humans must have to do so since long before history came to be written down. It is most likely that in prehistory, most human communities included a healer who relied on herbal preparations. As in many modern communities, the necessary skills would have been passed from generation to generation, but healers would also have studied the behavior of nonhuman animals in order to learn which plants to use, and almost certainly, that is how the tradition began. 

			

			Depictions of medicinal herbs in the cave paintings at Lascaux, France, that are between 13,000 and 25,000 years old are the earliest record of herbal medicine treatments. There is also physical evidence from antiquity. In 1991 melting of the Similaun Glacier in the Otzal Alps, Austria exposed the mummified body of a man, subsequently nicknames Otzi. Otzi died 5,300 years ago, aged about. H was carrying with hi two pieces of dried birch fungus about 1.5 inches in diameter, each of them pierced, and both of them threaded on a single leather thong, perhaps so they could be attached to his belt. Birch fungus, also called razor strop and birch bracket is a bracket fungus common on birch trees. Dried, it can be used as tinder, and its cut surface was formerly used to finish sharpening very keen blades such razor. When scientists first came across Otzi’s dried birch fungus, they assumed he carried it as tinder, but later they changed their minds. Birch fungus possesses antibiotic and anti-helminthic-expelling parasitic worms- properties, and he might have been taking it to combat intestinal parasites. 

			The earliest written records include lists and descriptions of how uses of medicinal herbs. The Sumerians, living in the part of what is now Iraq, were using medicines derived from plants 5,000 years ago, and in about 2000 B.C.E King Assurbanipal of Sumeria commissioned the first catalog of medicinal plants, describing 250. Plants were being used in this way 3,000 years ago in ancient Egypt, in India more than 2,500 years ago, and nearly 3,000 years ago in China. Indeed, until the rise of the modern pharmaceutical industry and the associated demand that therapies be administered only by licensed practitioners, herbal remedies were the mainstay of medical treatment, as they are still in many parts of the world.

			2.3	Exercise

			1.	Who is the father of botany?

			2.	How are medicine and plants related?

			3.	What happened in Uganda’s Kibale National Park?

			4.	Who was Otzi?
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