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			Preface

			Agriculture has become more integrated into the food chain and the global market, while environmental, food safety and quality and animal welfare regulations are also having a rising impact on the sector. It faces new challenges to meet the growing demand for food, to be internationally competitive and to produce high-quality agricultural products. Commercial crops are one of the most important parts of the agricultural sector. Commercial agriculture is the reverse of subsistence farming. Commercial agriculture is essentially a growing crop intended to be sold for profit on the local or export market. In ancient times, most farmers used to plant crops for their own food, which is personal farming. Global food and feed requirements are projected to double in the 21st century, further increasing pressure on land, water and nutrient use. Prices and accessibility of commodities used as nutritious food and feed are already being affected by the increasing demand for bioenergy. This book explores the opportunities and limitations of crops and resources for food, feed and biofuel production. Rapidly rising demand for food, feed and fuel would require a combination of further increase in crop yields and a doubling or tripling of resource quality, over the next 20 to 30 years. Adaptation of crop varieties to climate change and improved resistance to biotic and abiotic stresses by genetic improvement and sustainable management of diverse crop systems would be of crucial importance.

			Technological transition has been the key driving force behind rising agricultural productivity and fostering agricultural production in in most of the countries. Earlier, the choice and implementation of technology is anticipated at increasing production, productivity and farm incomes. For several years, policies for agriculture, trade, research and development, education, training and advice have had a strong effect on the choice of technology, the level of agricultural production and far-reaching implications. However, in whatever form, expansion of cash income opportunities has brought chances to improve quality of life in remote rural areas where there are very few non-agricultural employment opportunities. 

			

			This book deals with approaches to developing and promoting the adoption of appropriate technologies for particular farming systems, as well as the effect they will have on sustainable agriculture; looks at the role of governments and markets in stimulating the adoption of appropriate technologies that can enhance farm sustainability; and identifies policy approaches for stimulating ado. It is necessary for the village to introduce commercial crops as a form of horticultural crop that requires a lot of manpower to cultivate. Farmers, advisors and decision makers today face difficult decisions. They are presented with a wide range of innovations that are either available or under development; they must resolve the uncertainties of both the effect these emerging technologies would have on the entire agro-food chain and the impact that a whole range of policies would have on the sustainability of farming systems.

			Commercial crops are more important to the village economy than that of conventional crops that have been mechanized and need little manpower to cultivate. This book is intended to provide you with an introduction to commercial crops and the theoretical knowledge and practices needed to grow them successfully. You can learn the elements of effective commercial crop production, including what, where, when and how particular crops are produced. Topics will include crop classification; planting methods; crop climatic conditions, physiological growth and development; soil, water, and pest management; organic production; cover cropping; crop rotation; season extension strategies; postharvest handling/management and technologies. The book will serve as valuable resource for students dealing with agriculture science and associated fields. 
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			Chapter 1. Coffee: Cultivation and Processing Technology

			Coffee (genus Coffea) is widespread throughout the tropics with more than 70 species. All cultivated species originate from Africa. Economically important today are Coffea arabica (Arabica, 64 % of world production) and Coffea canephora, (var. Robusta, 35 %). Coffee is among the most important agricultural commodities on the world market: it is cultivated worldwide on approximately 10.3 million hectares and represents the sole economic income for more than 25 million families. The crop is produced and exported by more than 60 nations and ranks as one of the top cash crops in developing countries.

			The coffee plant is a fast-growing tropical bush tree, with two types of shoots: uprightgrowing orthotropic main shoots (stem), and horizontally growing plagiotropic shoots (branches). Traditionally, coffee trees are cultivated only for the berries, which are processed using dry or wet techniques directly in the growing areas to the final raw product, green coffee; this serves as the basis for various coffee products.

			Coffee is a plantation crop well adapted to different eco-physiological conditions of the tropics. C. arabica is adapted to cooler temperatures of the tropical highlands above 1000 m altitude along the equator; somewhat lower at greater latitude. It needs more than seven months of rainy weather but a relatively high temperature for an abundant differentiation of flower buds. The deep root system permits reasonably good drought tolerance. Hence, the crop grows best in tropical highlands. C. canephora prefers a hotter climate and is more adapted to the lowlands (below 900 m altitude), though quality improves with altitude. It requires a prolonged rainy season because of its shallower root system, tolerates high soil moisture, but needs a short dry season for extensive flowering. Both coffee species tolerate shade and share quite similar growth requirements with various forest crops and trees, thus predisposing them to be grown in agroforestry ecosystems. 

			Growing coffee under full sun with little or no forest canopy causes the berries to ripen more rapidly and the bushes to produce higher yields; this requires shade clearing and increased fertilizer and pesticide uses. In traditional coffee production, however, with different levels of shade, berries ripen more slowly and yields are lower, but green coffee and cup quality are superior. There still exists public controversy on the different types of coffee cultivation and their impact on the environment. Hence, the current focus is to ensure that all practices conserve natural resources, protect the environment, promote global carbon sequestration, cause no health problems and enhance the quality of life for farmers and society as a whole. In addition, the methods of coffee harvest and post-harvest treatments, roasting and brewing are considered important. Today, coffee is prepared and presented in a great diversity of varieties and prepared drinks. An interesting development is the relationship between coffee consumption and certain medical conditions, as well as its health and pharmacology uses.

			1.1	Basics of Coffee

			Coffee trees are pruned short to conserve their energy and aid in harvesting, but can grow to more than 30 feet (9 meters) high. Each tree is covered with green, waxy leaves growing opposite each other in pairs. Coffee cherries grow along the branches. Because it grows in a continuous cycle, it’s not unusual to see flowers, green fruit and ripe fruit simultaneously on a single tree.

			It takes nearly a year for a cherry to mature after first flowering, and about 5 years of growth to reach full fruit production. While coffee plants can live up to 100 years, they are generally the most productive between the ages of 7 and 20. Proper care can maintain and even increase their output over the years, depending on the variety. The average coffee tree produces 10 pounds of coffee cherry per year, or 2 pounds of green beans.

			All commercially grown coffee is from a region of the world called the Coffee Belt. The trees grow best in rich soil, with mild temperatures, frequent rain and shaded sun.

			1.1.1	Botanical Classification

			Coffee traces its origin to a genus of plants known as Coffea.  Within the genus there are over 500 genera and 6,000 species of tropical trees and shrubs. Experts estimate that there are anywhere from 25 to 100 species of coffee plants.

			

			The genus was first described in the 18th century by the Swedish botanist, Carolus Linneaus, who also described Coffea Arabica in his Species Plantarum in 1753. Botanists have disagreed ever since on the exact classification, since coffee plants can range widely. They can be small shrubs to tall trees, with leaves from one to 16 inches in size, and in colors from purple or yellow to the predominant dark green.

			In the commercial coffee industry, there are two important coffee species — Arabica and Robusta.

			Coffea Arabica — C. Arabica 

			Varieties: Bourbon, Typica, Caturra, Mundo Novo, Tico, San Ramon, Jamaican Blue Mountain

			Coffea Arabica is descended from the original coffee trees discovered in Ethiopia.  These trees produce a fine, mild, aromatic coffee and represent approximately 70% of the world’s coffee production. The beans are flatter and more elongated than Robusta and lower in caffeine.

			On the world market, Arabica coffees bring the highest prices.  The better Arabicas are high grown coffees — generally grown between 2,000 to 6,000 feet (610 to 1830 meters) above sea level — though optimal altitude varies with proximity to the equator. 

			The most important factor is that temperatures must remain mild, ideally between 59 - 75 degrees Fahrenheit, with about 60 inches of rainfall a year. The trees are hearty, but a heavy frost will kill them.  

			Arabica trees are costly to cultivate because the ideal terrain tends to be steep and access is difficult. Also, because the trees are more disease-prone than Robusta, they require additional care and attention. 

			Coffea canephora — C. canephora var. Robusta

			Variety: Robusta

			Most of the world’s Robusta is grown in Central and Western Africa, parts of Southeast Asia, including Indonesia and Vietnam, and in Brazil. Production of Robusta is increasing, though it accounts for only about 30% of the world market. 

			Robusta is primarily used in blends and for instant coffees. The Robusta bean itself tends to be slightly rounder and smaller than an Arabica bean.  

			

			The Robusta tree is heartier and more resistant to disease and parasites, which makes it easier and cheaper to cultivate. It also has the advantage of being able to withstand warmer climates, preferring constant temperatures between 75 and 85 degrees Fahrenheit, which enables it to grow at far lower altitudes than Arabica.  

			It requires about 60 inches of rainfall a year, and cannot withstand frost. Compared with Arabica, Robusta beans produce a coffee which has a distinctive taste and about 50-60% more caffeine. 

			1.1.2	The Anatomy of a Coffee Cherry

			The beans you brew are actually the processed and roasted seeds from a fruit, which is called a coffee cherry.

			The coffee cherry’s outer skin is called the exocarp. Beneath it is the mesocarp, a thin layer of pulp, followed by a slimy layer called the parenchyma.  The beans themselves are covered in a paper-like envelope named the endocarp, more commonly referred to as the parchment.  

			Inside the parchment, side-by-side, lie two beans, each covered separately by yet another thin membrane. The biological name for this seed skin is the spermoderm, but it is generally referred to in the coffee trade as the silver skin.

			In about 5% of the world’s coffee, there is only one bean inside the cherry. This is called a peaberry (or a caracol, or “snail” in Spanish), and it is a natural mutation. Some people believe that peaberries are actually sweeter and more flavorful than standard beans, so they are sometimes manually sorted out for special sale.

			1.1.3	History of Coffee

			Coffee grown worldwide can trace its heritage back centuries to the ancient coffee forests on the Ethiopian plateau. There, legend says the goat herder Kaldi first discovered the potential of these beloved beans. 

			The story goes that that Kaldi discovered coffee after he noticed that after eating the berries from a certain tree, his goats became so energetic that they did not want to sleep at night. 

			Kaldi reported his findings to the abbot of the local monastery, who made a drink with the berries and found that it kept him alert through the long hours of evening prayer. The abbot shared his discovery with the other monks at the monastery, and knowledge of the energizing berries began to spread.

			As word moved east and coffee reached the Arabian Peninsula, it began a journey which would bring these beans across the globe.

			The Arabian Peninsula

			Coffee cultivation and trade began on the Arabian Peninsula.  By the 15th century, coffee was being grown in the Yemeni district of Arabia and by the 16th century it was known in Persia, Egypt, Syria, and Turkey.

			Coffee was not only enjoyed in homes, but also in the many public coffee houses — called qahveh khaneh — which began to appear in cities across the Near East. The popularity of the coffee houses was unequaled and people frequented them for all kinds of social activity. 

			Not only did the patrons drink coffee and engage in conversation, but they also listened to music, watched performers, played chess and kept current on the news.  Coffee houses quickly became such an important center for the exchange of information that they were often referred to as “Schools of the Wise.”

			With thousands of pilgrims visiting the holy city of Mecca each year from all over the world, knowledge of this “wine of Araby” began to spread. 

			Coffee Comes to Europe

			European travelers to the Near East brought back stories of an unusual dark black beverage. By the 17th century, coffee had made its way to Europe and was becoming popular across the continent. 

			Some people reacted to this new beverage with suspicion or fear, calling it the “bitter invention of Satan.” The local clergy condemned coffee when it came to Venice in 1615. The controversy was so great that Pope Clement VIII was asked to intervene. He decided to taste the beverage for himself before making a decision, and found the drink so satisfying that he gave it papal approval.

			Despite such controversy, coffee houses were quickly becoming centers of social activity and communication in the major cities of England, Austria, France, Germany and Holland. In England “penny universities” sprang up, so called because for the price of a penny one could purchase a cup of coffee and engage in stimulating conversation.  

			Coffee began to replace the common breakfast drink beverages of the time — beer and wine. Those who drank coffee instead of alcohol began the day alert and energized, and not surprisingly, the quality of their work was greatly improved. (We like to think of this a precursor to the modern office coffee service.)

			By the mid-17th century, there were over 300 coffee houses in London, many of which attracted like-minded patrons, including merchants, shippers, brokers and artists.

			Many businesses grew out of these specialized coffee houses. Lloyd’s of London, for example, came into existence at the Edward Lloyd’s Coffee House.

			The New World

			In the mid-1600’s, coffee was brought to New Amsterdam, later called New York by the British.

			Though coffee houses rapidly began to appear, tea continued to be the favored drink in the New World until 1773, when the colonists revolted against a heavy tax on tea imposed by King George III. The revolt, known as the Boston Tea Party, would forever change the American drinking preference to coffee. 

			“Coffee - the favorite drink of the civilized world.” - Thomas Jefferson

			Plantations around the World

			As demand for the beverage continued to spread, there was fierce competition to cultivate coffee outside of Arabia. 

			The Dutch finally got seedlings in the latter half of the 17th century. Their first attempts to plant them in India failed, but they were successful with their efforts in Batavia, on the island of Java in what is now Indonesia.  

			The plants thrived and soon the Dutch had a productive and growing trade in coffee. They then expanded the cultivation of coffee trees to the islands of Sumatra and Celebes.

			Coming to the Americas

			In 1714, the Mayor of Amsterdam presented a gift of a young coffee plant to King Louis XIV of France. The King ordered it to be planted in the Royal Botanical Garden in Paris. In 1723, a young naval officer, Gabriel de Clieu obtained a seedling from the King’s plant. Despite a challenging voyage — complete with horrendous weather, a saboteur who tried to destroy the seedling, and a pirate attack — he managed to transport it safely to Martinique.  

			Once planted, the seedling not only thrived, but it’s credited with the spread of over 18 million coffee trees on the island of Martinique in the next 50 years. Even more incredible is that this seedling was the parent of all coffee trees throughout the Caribbean, South and Central America.

			The famed Brazilian coffee owes its existence to Francisco de Mello Palheta, who was sent by the emperor to French Guiana to get coffee seedlings. The French were not willing to share, but the French Governor’s wife, captivated by his good looks, gave him a large bouquet of flowers before he left— buried inside were enough coffee seeds to begin what is today a billion-dollar industry.

			Missionaries and travelers, traders and colonists continued to carry coffee seeds to new lands, and coffee trees were planted worldwide. Plantations were established in magnificent tropical forests and on rugged mountain highlands. Some crops flourished, while others were short-lived. New nations were established on coffee economies. Fortunes were made and lost. By the end of the 18th century, coffee had become one of the world’s most profitable export crops. After crude oil, coffee is the most sought commodity in the world.

			1.1.4	Types of Coffee

			Coffee is one of the most widely consumed beverages in the world, but it comes in many types and varieties. Many of the key distinctions can be traced to the beans from which the beverage originates. Beans lend flavor based first on their type, and second on the soil conditions of where they were grown. How the beans are roasted also influences the end result, as does brewing and preparation technique. There are many different types of coffee beverage, as well, ranging from a standard drip brew to more exotic espresso or French press creations.

			Types of Beans

			Most of the world’s coffee comes from one of two types of bean: Arabica or Robusta. The vast majority of beans on the market are of the Arabica variety. These beans typically have a smooth, consistent flavor, and grow very well in a variety of climates.

			Robusta beans are used less frequently, in large part because they tend to have a bitterer, more acidic taste. Much of this has to do with soil conditions, however. In the right climate and with the right terrain, robusta beans can produce brews of startling consistency and flavor. Hawaiian-grown Kona coffee is one example of Robusta beans at their best.

			Significant Geographical Distinctions

			Coffee’s flavor is usually determined more by the beans’ growing region than their variety. The beans tend to take on flavor characteristics of both their geography and topography, and for this reason are often sold by place name. Ethiopian varieties tend to be smooth and sometimes floral, for instance, while beans from nearby Kenya typically have a stronger, more pungent taste. Beans grown in the rocky, volcanic soil common to islands in the Pacific yield similarly different results from those cultivated in Latin American rain forests and mountains. Much depends on sunlight, water, and overall soil nutrients.

			Roasting Techniques

			Coffee beans are typically of little use to beverage brewers when raw. To release their flavors and aromas, they must be roasted. There are several different techniques and processes that can be used, each of which leads to a slightly different outcome.

			When first picked, beans are sealed within a red berry. The exterior must be peeled away to reveal a green interior pod. Throughout several phases of roasting, that green pod turns light brown, caramelizes, and then roasts to dark brown, becoming easily recognizable as a standard coffee bean.

			Roasters can control the strength and overall flavor by adjusting both the beans’ nearness to heat and their duration of exposure. Method can also influence the final product. Most roasting happens in trays over an open flame, but there are many variations including roasting machines and specialized roasting ovens.

			Bean Purchase Options

			There are several different ways to buy beans. Some specialty shops and cafes will sell the beans whole, often just after roasting — this is often the most cost-effective purchase option, but the customer will usually have to grind the beans independently before using them. Ground coffee is easier to find commercially, but is not usually as fresh. Some roasters will also grind beans fresh to order, but this is usually a costlier option.

			It is often possible to buy decaffeinated coffee, either in whole bean or ground form. Decaffeinated varieties are usually no different in flavor from their regular counterparts, but have undergone a chemical process to remove many of the caffeine compounds. These beans typically still contain trace amounts of the stimulant, but only in very low quantities.

			1.1.5	Structure

			The coffee plant has the characteristic structure of the Rubiaceae where branches, twigs and leaves are formed in opposite pairs. The plant is characterized by a pronounced dimorphism between orthotropic (growing upward) and plagiotropic (side or horizontal growing) branches/twigs. As flowering mainly occurs on one- or two-years-old plagiotropic twigs it is important to prune the coffee tree in such a way as to favor plagiotropic shoots. After some time primary twigs will divide further in other plagiotropic twigs, but a good balance must be maintained between the number of branches and fruits.

			1.1.6	Ways to Prepare

			Just as there are different ways to grow and roast coffee beans, there are different ways to prepare those beans into a beverage. The simplest, most traditional method is to brew coffee grounds in hot water. This can be done on the stove, but is more commonly completed with the help of an appliance known as a drip coffee machine. The idea is to expose ground beans to hot water just long enough for the water to take on the coffee’s unique flavor. Grounds are typically filtered out before serving.

			Brews made using a French press are often a bit stronger. This method requires boiling water to be poured over the grounds, then allowed too steep for some time. A “press,” usually a mesh filter, is used to isolate the grounds at the bottom of the brewing chamber when it is time to serve.

			Espresso is also a popular style, particularly in Europe. Hot water and steam are forced very quickly through ground beans, typically a dark roast, using a dedicated espresso machine. The resulting brew is quite strong, and has a concentrated coffee taste.

			Instant Varieties

			So-called “instant coffee” is available in many markets, and requires no brewing to prepare. Most instant mixes are made from pre-brewed grounds, and are specially designed to dissolve in hot water. Instant mix is made from beans, but is usually much weaker and has a distinctively different flavor from that which is made fresh. Much is usually lost in processing, but the trade-off is often worth it for those who are on the go or who would rather not deal with the mechanics of brewing.

			Beverage Combinations

			While many people enjoy coffee as a beverage all on its own, there are a lot of variations. Adding milk and sugar is common, as is icing the beverage and serving it cold. Espresso is often paired with foamed or frothed milk to create specialty drinks like lattes and macchiatos. Drip brews are also added to a number of commercially prepared drinks, usually as a means of boosting caffeine content or promoting energy.

			1.1.7	Coffee Plantation

			A coffee plantation is a farm where coffee bean plants are grown and the beans harvested for sale. Coffee is a high-value crop with significant economic value. It is consistently listed as one of the top three legal exports worldwide every year. As a result of its prominence as a commodity, growing and processing coffee beans on plantations has had a tumultuous history with regard to the human rights of workers and to the environment. More than 90 percent of the coffee plantations around the world are located in developing countries, highlighting — and in some cases exacerbating — many economic inequities because industrialized nations are the primary consumers of the product.

			Coffee can be farmed from seeds or from seedlings. A coffee plantation typically will use one or the other and intercrop the coffee with other food crops, such as beans, corn or rice, until the harvesting matures. Coffee bean plants produce either Arabica beans or robusta beans. Arabica is considered the more refined crop and comprises about two-thirds of the worldwide production on plantations. Robusta is the bitterer bean and has a higher caffeine content, but it is the hardier plant. It costs less to maintain a robusta crop, and that savings is passed down the economic chain, making robusta the cost-effective choice that is used in bulk settings.

			Farming coffee is more labor-intensive than other types of major food crops. Beans must be picked, processed, dried and roasted on a coffee plantation — tasks that do not lend themselves well to automated solutions. This is one of the reasons that coffee plantations were a historical venue for forced labor and slavery. Even though forced labor technically is no longer an issue in the modern agricultural world, the majority of plantations are located in developing countries where there are extreme disparities between what farm workers earn for a living and what people who consume coffee earn for a living.

			The coffee plantation is also a hotbed of environmental sustainability issues. Many plantations are located in countries where people don’t have enough fresh water to drink, yet coffee production uses a very high amount of water. There also are significant issues regarding the way coffee is farmed, with the more sustainable but expensive practice to shade-grow the plants. Environmental groups consider coffee plantations part of the front line in the fight for sustainable farming practices, because coffee is one of the world’s most significant crops.

			Brazil hosts the largest number of coffee plantations, with Vietnam, Indonesia and Columbia following behind. Arabica coffee is produced on plantations in Latin America, Eastern Africa, Arabia and Asia. Robusta is farmed in western and central Africa, Southeast Asia and in some parts of Brazil. In addition to the distinction in the type of bean plant grown on these plantations, there are regional differences in soil and processing that affect the coffee’s taste. These differences are reflected in the varieties of coffee, such as Java, Kona and Columbian.

			1.2	Coffee Cultivation

			Coffee is a popular drink all over the world. The coffee tree is a native of the highlands of southern Ethiopia and the name coffee is derived from that of the highland district of Kaffa where it was found. From Ethiopia, it was taken across the Red Sea to Saudi Arabia.

			The practice of coffee drinking was first started in Middle East and was subsequently introduced in Europe, where it became very popular. In 18th century Dutch recommended the commercial cultivation in East Indies. From here its cultivation spread too many parts of the tropics.

			The status of coffee-producing areas has changed from time to time. Arabian Peninsula, the home of Mocha coffee, at first had a monopoly in its production. It was then introduced in Jamaica and other West Indian islands, and the Blue Mountain coffee became world renowned.

			Dutch then introduced coffee plantation in Indonesia, brought about the emergence of Java coffee, which is highly flavored. In Sri Lanka also coffee cultivation was started and finally Brazil then rose to prominence and has become the leading producer of coffee in the world.

			The coffee tree may grow up to a height of 9 metres, but its height is kept low up to 1.5 to 2.5 metres in commercial cultivation. The coffee is obtained from seeds of berries which are dark red in colour when ripe. Each berry contains two seeds or beans which are dried, roasted and ground into coffee powder.

			Coffee cultivation is a technical work. First of all coffee is propagated from seeds or cuttings in a nursery and, after about six months, it is transplanted to the field. Plants are positioned 3 meters apart which grow rapidly.

			Its harvesting generally began in the third year after planting, but actual profitable production used to start after fifth year. An average tree yields about 1.4 to 2.3 kg of coffee berries in a year. Coffee picking is done by hand.

			After picking, the coffee berries go through a number of processes. These are removal of outer cover, fermentation then dried beans are winnowed and graded, afterwards beans are roasted and then ground into coffee powder which is used to make beverage.

			What Plants Need

			A healthy, “happy” coffee plant is one that is able to produce the greatest number of quality seeds. There are three main factors influencing the “happiness” of a plant: genetics, the environment, and applied agricultural management. Since there is no exact formula to produce award-winning specialty coffee, farmers work to meet all the basic needs of plants so they are able to thrive. There are common biological necessities universal to all plants that make this possible. These essentials are sun, water, soil, and air; the four combine to provide the plant with the energy and nutrients necessary to sustain life. Certainly, different plants have adapted to require different specific conditions, depending on their histories and environments. However, all plants share these external factors that allow growth and reproduction—the only metrics of success a plant has.

			Plants live in ecosystems. It doesn’t matter if the ecosystem is a natural one or an agricultural one. Either way, plants interact with their external surroundings and are dependent on soil, weather, microorganisms, temperature, humidity, and myriad other influences. Although a farmer may choose plants based on what is known about their genetics, the only factor that can be actively controlled each year after planting is the plantation’s agricultural management.

			

			The Essentials for Life

			It is critical to reminisce that whenever we take a “natural” plant out of the forest and use it for agricultural purposes, such as with coffee, its needs are changed. Agriculture is not nature. Coffea arabica is perhaps one of the more stubborn and sensitive of agricultural commodities. Since it is endemic to a very specific region (the highlands of Ethiopia and South Sudan), where it was born under an unusual set of genetic circumstances, it has a low level of genetic diversity with which to combat challenges. Also, it has only recently (in evolutionary time) been distributed throughout the world, which means that it has not had time to evolve to new climates and conditions. A C. arabica coffee plant in Indonesia, or Brazil, or Jamaica still grows best under the ideal conditions that its ancestors learned to love in the shaded understory of tropical forests in East Africa. This is one reason why it is so difficult to make C. arabica plants happy, and why this continues to challenge farmers all over the equatorial world.

			To function, plants “inhale” and “exhale” the building blocks of life. The “inhale” is called photosynthesis, and the “exhale” is called respiration; both depend on water, energy from the sun, and nutrients. Plants take in nutrients and water from the soil through their roots.

			There is always one major factor limiting a plant’s growth and reproduction. This may sound bad, but in fact it is for the best—because we don’t want giant plants taking over the world and demolishing skyscrapers in a King-Kong-esque dramatic growth spurt. Usually, carbon (C), water (H2O), or nitrogen (N) will be the primary limiting factor. In the agricultural world, this often becomes macronutrients such as nitrogen (N), potassium (K+) and phosphorus (P). This is why farmers often have to irrigate or apply fertilizer to crops. In this day and age, perennial and wild plants are not often limited by carbon, as there is plenty of extra carbon in the atmosphere. However, in the case of annual crops (such as corn, soy, and wheat), carbon can become limiting, and adding peat or carbon-based composts can help alleviate this deficit. If you put a shade plant in sun, it will require more nutrients in order to keep up with the level of growth and production that will occur. If you add nitrogen, the plant will demand more phosphorus, potassium, and calcium to function properly. If you add more nutrients, the plant will therefore need more water. You get the idea. In this way, a plant is always, physiologically speaking, attempting to balance its available resources and allocate them to specific tasks relevant to sustaining life. What do humans do to make C. arabica coffee plants biologically happy? Plenty!

			Essential growth conditions required for the cultivation of coffee are as follows:

			1.2.1	Climate

			Coffee is a tropical plant which is also grown in semi-tropical climate. The coffee tree requires heat, humidity and abundant rainfall.

			The following temperature and rainfall conditions are necessary for coffee cultivation.

			Temperature

			Coffee requires an average temperature between 20°-27°C. Although it grows in day temperature over 32°C in the Arabian Peninsula. Growth is most rapid during hot rainy season and during cool dry season berries ripen and ready for picking. Bright sunshine and warm weather are necessary for the harvesting.

			The optimum mean annual temperature ranges from 18 to 22º C. Temperatures above 23º C accelerate the development and ripening of fruits and can provoke loss of physical and beverage quality. High temperatures above 30°C during blossoming associated with a prolonged dry season may cause abortion of flowers.

			The best quality Arabica coffee is grown at higher elevations with less extreme weather conditions and milder average temperatures. These include tropical mountainous regions with significant elevations, such as East Africa (Kenya, Tanzania, and Ethiopia) and the tropics within the Americas, starting in the central and southern parts of Mexico, and extending over Guatemala, Honduras, El Salvador, Nicaragua, Costa Rica and Panama, into Brazil, Colombia, Ecuador, Peru and Bolivia. Occurrence of sporadic frosts (Brazil, Mexico) inhibits the successful cropping of Arabica coffee. Under ideal conditions Arabica prefers a low atmospheric humidity comparable to that of the Ethiopian highlands.

			For C. canephora (Robusta and Conilon) coffees the optimum annual mean temperature ranges from 22 to 30º C. Hence, the crop is better adapted to higher temperatures than Arabica coffee. These coffee varieties grow successfully under high air humidity conditions approaching saturation. They tolerate less humid sites, provided the dry season is short.

			

			Rainfall

			Coffee needs abundant rainfall, i.e., 100 to 200 cm annually. The hill slopes which receive orographic rainfall are thus best for coffee cultivation.
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