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Preface

Agriculture-is the backbone of almost all the developing countries including India where about 80% population derives its livelihood from agriculture. Modern agriculture is completely different from the agriculture which our forefathers used to practice. In the past, agriculture was completely under control of nature but today nature's say is nominal due to availability of modern technologies. How agriculture has progressed to such a surprising extent is not a mystery but the result of constant efforts of man. This whole process of metamorphosis of agriculture has been discussed elaborately in this booklet.

Dr. K. T. Chandy, Agriculture & Environment Education

I. Origin and Evolution of Life

Our planet, the earth, is a part of solar system and came to existence some five billions of years ago. Entire solar system was a huge ball of gases with all variety of atoms (smallest component of an element with all its properties) and most of them were hydrogen atoms. Some atoms pulled into centre and formed the sun and some revolving round the sun and upon cooling in course of millions of years, transformed into planets like Saturn, Jupiter, Mars, Venus and Earth.

A. Origin of life and genes

In course of millions of years, the earth began to cool. As the surface layers cooled, they settled as solidified crust of the earth. The most reactive atoms of hydrogen combined with oxygen and formed water, with nitrogen formed ammonia and with carbon they formed methane. These reactions are explained in the following equations.

1. Hydrogen + Oxygen = Water

         (H2)             (0)         (H2O)

2. Hydrogen + Nitrogen = Ammonia

         (H2)            (N)            (NH3)

3. Hydrogen + Carbon = Methane

         (H2)           (C)            (CH4)

All the elements necessary for the formation of organic molecules were thus present. As the earth further cooled down, water vapours of the atmosphere condensed to form ponds, pools, lakes, seas and oceans.

Under special conditions (bio-chemical and physical) prevailing then, the energy required for the formation of life was possibly obtained from ultraviolet rays of the sun, radioactivity, electric discharges etc., and a soup of organic molecules was possibly formed in the ocean. Some or many of these molecules might have combined to form complex molecules, and some such molecules acquired the characteristics of life once for all. These might have given rise to a system that could reproduce or duplicate, i.e. the concept of gene.

Gene can be defined as the unit of the material of inheritance. One of the great biological discoveries is that the material of inheritance is nucleic acids, a chain; molecule, the links of which consist of four different nitrogen bases and the complexity of which lies in the arrangement of the sequence of these bases. In the majority of cases it is deoxyribonucleic acid (DNA) but in some viruses it is ribonucleic acid (RNA). In plants and animals the DNA is situated in the thread like chromosomes of the nucleus, which contain proteins. In bacteria and viruses (the simplest form of life) the chromosomes are simpler consisting only of a long thread of DNA.

The DNA of an organism is made up of a number of different genes. Each gene is exactly replicated. A gene is thus a short length of a chromosome, influencing a particular set of characters in a particular way. 

1. Structure of DNA

The DNA is a very large molecule with a molecular weight of several million. It consists of units called nucleotides. Each nucleotide has three parts, a 5- carbon sugar deoxyribose, phosphoric acid and one of the four, complex heterocyclic nitrogenous bases. Out of four, two bases are long and called purines (adenine and guanine) and two bases are short pyrimidines (thymine and cytosine).

In a DNA molecule the amount of adenine (A) is equal to that of thymine (T) and the amount of guanine (G) is equal to that of cytosine (C) i.e. A = T and G =C

J. D. Watson (an American biologist) and FHC Crick (an English chemist) proposed a model of DNA. According to it, the DNA consists of two complementary chains of nucleotides twisted around each other in the form of a double helix having a common axis.

The two chains are linked by bridges formed by the pairs of bases. There are about 10 nucleotides in each of the two chains for each complete turn of the double helix. The combinations of purine and pyrimidines bases are brought about by means of hydrogen bonds. There are two hydrogen bonds between adenine and thymine and three hydrogen bonds between guanine and cytosine.

The phosphates point outwards and the bases inwards from each of the two chains. The number and sequence of bases in a DNA molecule form the basis of the genetic code.

2. DNA replication

To be a genetic material, DNA must be capable of being duplicated or divided into two, at the time of a meiotic division of a cell in order to pass on the full share of genetic instructions to the daughter cells.

The double helix of the DNA molecule unwinds and each adenine is exposed and free only to pair with a new thymine and each guanine with a new cytosine or vice-versa. The replication of DNA is brought about by the enzyme DNA polymerase.

The two complementary halves, which are not identical, thus get their matching chains assembled to complete the separate and complete DNA helics, which will have the same nucleotide sequence as that of the original molecules. Each daughter molecule would be half new.

B. Cellular organization and evolution

It must have taken millions of years for a form of life like virus, to develop a form of enzymes. As enzymes were formed, the gene aggregate became surrounded with a material consisting of enzyme system which we know as cytoplasm. This form is the bacteria today.

Evidently life originated in water (in the ocean) possibly in the form of some bacteria. The next phase in evolution was possibly the appearance of blue-green algae. Primitive unicellular orgasms might also have originated at this stage and they formed another line of evolution. For several years primitive algae and primitive marine animals formed the dominant feature of the sea.

The evolution of green-algae which could directly utilize sunlight as a source of energy, this trend of evolution might have lead to the establishment of higher plants. At the later stage the life invaded land. This was a very important event in the history of evolution. The green plants invading land gave rise to diversity of forms such as club mosses, live worts, horse tails and ferns in early geological age, and subsequently to higher plants. Further green plants being food manufacturers soon provided for invasion of land by animals.

The animal world with all its diversities ranging from simple protozoa to complex mammals is interpreted by biologists as a gradual and continuous process of organic evolution which produced the extinct fossils and the existing species. Fossils of modern man were formed about 25,000 years back. This includes all the races of existing men. An articulate speech was developed to communicate with his fellowmen.

The discovery of tools and bones of animals along with the fossils of early man, indicate that man from the very start used to hunt and eat meat. Crushed bones of baboons were found with the fossils of primitive apeman, split skulls and bones of many wild animals and also of primitive man were found in the caves of peking man showing that he not only ate meat but was also a cannibal. Fire pits in the caves prove that early man used fire to cook and to keep himself warm.

The early tools were simple and consisted of flaked pebbles and stone tools. Gradually, during the process of evolution, the tools were improved. The later man's tools were long fint blades of triangular cross section. Blades of other shapes served as knives, scrapers, bovers, spear points and arrow heads.

When man gained some knowledge of nature and some degree of control over it, his language grew and religious beliefs were practiced. Tools and articles discovered in human dwelling dating between 10,000 and 6,000 years from now include pins, needles with eyes, buttons, spear and throwers, fish hooks, etc. show that man learnt new skills in food hunting and that he used some kind of clothing to keep himself warm. Engravings and paintings formed on the walls of many caves reflect on aesthetic taste of early man. Religious ceremonies and ceremonial disposal of the dead by the early man provided evidence of his high psychological make up.

II. Agricultural Evolution

The history of agriculture is closely interwoven with the progress of culture, for it is the development of crop and animal husbandry that enabled human being to find a certain amount of leisure to create the initial ingredients of a civilization. The present agriculture has been gone through few transformation in the course of time. This has been explained below.

1. The food gatherers

If we ask what tribe man belonged in ancient time we say that it is the tribe of the so-called food gatherers. They were food collectors and primitive hunters, simply took what nature offered them. They had not learnt either to till the soil or to raise cattle. They were scattered here and there over the globe, isolated from the currents of wider cultural intercourse, hidden away in remote jungles, deserts and mountains.

The way they procure their food was simple and without any plan. They used to collect honey and flesh food by hunting, vegetable food, picking fruits, digging, tubers, roots, collecting mushroom, plants etc. There was no storage of food.

2. Food producers

The food gathering stage of culture in this simple and primitive form prevailed throughout five lakh years. The man invented superior hunting methods and manufactured more effective weapons. He began to use stone tools, traps and nets more skillfully for hunting. Gradually from gatherer he became a producer.

3. Domestication of the animals

The domestication of the dogs is the major achievement of the hunters. Dog had become a companion of man. Wolves often bad come around human dwellings as scavengers and fed upon bones and crumbs of flesh. The evidence so far available suggests that the domesticated dogs originated from one of the geographical races of the wolf. The domesticated dogs were of great help to the hunters.

Domestication of other animals became possible because the habits and habitats of animals and plants and their reproduction and growth came under keen observation of man. Domestic animals like cattle, sheep, goats, and cattle had become sources of food, and their dung is used as manure. Goats and cattle supplied milk and the hair of sheep and could be woven into cloth. The use of animals to carry load or draw ploughs as vehicle is a later adaptation.

With decline of food and water supplies, the wild animals came around human dwellings. The close contact of wild animals with man paved the way for their domestication. The time sequence in which wild animals were domesticated as follows:

First 

 - Goat and sheep

Secondly 
 - Cattle and pig

Lastly          
 -  Horse and Ass

4. Domestication of birds

A number of terracottas have been discovered from Mohenjodaro and Harappa, which indicate that the Harappans had domesticated a number of birds. The domestic fowl originated in India. Its ancestor is the red jungle fowl. The bird which man succeeded in domesticating have certain common traits. The first is a tendency to gregariousness (fond of making company). These birds are pre-adapted for domestication by their poor powers of flight, and the nature of diet. 

5. The primitive agrarian culture

About 9000 BC, an excavation shows the hunters began to supplement their meat diet by plant food of wild berries, seeds and wild fruits. Flint sickles found at Mount Carmel suggest that cereals were harvested and eaten by cave dwellers.

There must have been a period of transition from mere food gathering to food cultivation. It was the period of harvesting without sowing. Their food supply is derived from the harvesting of one or a few wild plants of palms and bread fruit trees was their main food.

It seems that agriculture started in three different forms:

a. as horticulture (cultivation of trees like palm, the bread fruit tree etc. and tubers);

b. as shifting cultivation (ever changing plots used); and

c. as plough cultivation (combined with animal breeding).

6. Slash and burn cultivation

Following is the procedure for this cultivation.

a. Field is prepared by burning the forest.

b. Sowing in the fertile ashes.

c. No ploughing.

They used some implements for cutting down the trees and bushes. It was cylindrical -hoe type with sharpened blade at one end. Gradually people started to plough with these implements. As they did the cultivation they learnt different methods and adopted new techniques. Some of them are given here. 

a. Sowing : when they drop some seeds it happened to grow.

b. Ploughing : -with stone weapons they started to fill the land accidentally, some seeds might have fallen on the loosened  soils and found that they are grown better there than the compact soil. Then they developed further metallic implements for ploughing.

c. Irrigation : When people cultivated crop on the river banks there might have been a great difference in the yield.

d. Manuring : Before they started the cultivation they had domesticated some animals. The excreta of these animals was placed or dropped on some places of their field. Their they found increase in plant growth.

e. Interculture : It was not well developed. But the other plants started to spoil the  field they started to thin or pluck it out.

f. Plant protection: Wild animals damaged the crops. Then, their growers started to attack them.

7. Development of basic sciences 

As and when they practised agriculture they started to think on basic science involved in cultivation. 

For example, early man grouped the plants as cereals and vegetables. It led them to know basic botany of the plants. Zoology might have also developed with that. Some of the domestic animals and their activities put under their observation and might have found some similarities and systematic way of life in the animal system. Application of manures and then the concept of plant nutrients developed. Science of chemistry and physical laws were also derived from agriculture. State of liquid, solid and gaseous forms found in the nature and the elements were classified by its nature and form.

III. Man and Nature

Man lives in nature and depends on the resources of nature. The progress of mankind depends upon the exploitation of different natural resources. The utilization of soil, water, coal, electricity, oil, gas and nuclear energy is very important for the development of a nation. The resources have changed the living standard of man.

Food, shelter and clothing are the primary requirements of man. Early human society has used natural resources, relatively in much less quantity to just meet his wants.

Among them, most essential requirement was a well cooked food. Cooking requires energy, for that he used fuel wood. Our fuel consumption is met from fire wood and other agricultural wastes.

A. Natural resources

Mainly there are six natural resources. These are discussed in the following pages.

1. Mineral resources

Now it is known that the world resources of minerals are oil, coal, and natural gases. There are two kinds of minerals, metallic and non-metallic. Metallic minerals are iron, silver, gold, chromium, cobalt, magnesium, nickel, etc.

Non-metallic minerals: rock, sand, gravel, cement, clay, fertilizers etc.

2. Forest resource 

It is the source for a large number of products useful to man. Small scale industries are also developed through forest with these resource. It serves as an energy reservoir by being fruits, nuts, seeds, nectar and wood. Forest plays the most important role in keeping the atmosphere ba1a~ce by con54ming CO2 and releasing.

In India about 75 million hectares area is occupied by forest alone which is about 23% of the total land. 

3. Wild life resources 

Life in any form (plant/animal) existing ill natural surroundings. It provides recreational and economic benefits to man. Wild life includes 350 species of mammals; 33000 species of birds and 20,000 species of insects.

4. Water resources

Water is the most important for the life of living organism such as plants, animals and man. It is also essential for agricultural industries. Man can live few days without food but cannot live without water. Man will die if he loses more than 12% water content from his body.

5. Soil resources

Soil is the natural habitat for plants and animals. It provides water and nutrients to the living organisms. Knowledge of soil is helpful in agricultural practices, such as cultivation, irrigation, drainage and use of fertilizers. It is also important from geological, petrological, mineralogical and paleo-botanical points of view.

6. Marine resources

The ocean covers nearly three fourth of earth's surface. Ocean has been the source of many needs of man from the time immemorial. Exploration of oil from ocean is also a great achievement of man. Navigation and shipping are important use of ocean. Efforts are being made to modernize marine fishing technology in India.

B. Food and agriculture resources

Men needs energy for his various activities as movement, growth, respiration, reproduction and many other. In our body many biological activities are going on which are collectively called metabolism. These activities need energy which is obtained from food. The food is a substance, which is mixture of nutritive and non-nutritive substances. The main components of food are carbohydrates, fats, proteins, minerals, vitamins and water. These are supplied through cereals, pulses, oils, eggs, sweets, milk, meat, cheese and fruits. 

1. Energy giving food

This includes fat and carbohydrates. This food provides high energy which can be obtained from cereals, sugars, animals fats, vegetable oil, etc.

2. Body building food

This includes protein and minerals. These are found in pulses, milk products, fish, meat, eggs, etc. This I provides energy which is essential for body building, growth and repairs of tissues.

3. Protective food 

This food protects the body from different diseases and regulates different functions of body. This food is rich in minerals, salts and vitamins. This type of food is available from green vegetables, fruits, milk and eggs.

IV. Definition of Agriculture and Agro-eco-system

Agriculture is man's creative involvement in the nature (agro-eco system) to produce basic requirement for existence and development by using the ever in creasing knowledge about the nature (agro-eco-sys- tern).

A. Agro-eco-system

An agro-eco-system can be used or termed to describe agricultural activities performed by groups of people. But here it focuses more concretely; so an agro-eco-system can be defined as agricultural systems within small geographical units. Thus, the emphasis is on interaction between people and food producing resources within a farm or even a specific field. It should be kept in mind that agro-eco-systems are often systems receiving inputs from outside and producing out-puts that can enter external system.

Each region has a unique set of agro-eco-system that results from local variations in climate, soil, economic relations, social structure and history (Table 1). Thus, a survey of the agro-eco-system of a region is bound to yield both commercial and subsistence agricultures, using high or low levels of technology depending on the availability of land, capital and labour.

Table 1: Agro-eco-system determinants that determine the type of agriculture in each region

	Sl.No.
	Type of

 Determinants
	Factors

	1
	Physical
	Radiation, temperature, rainfall, water supply, soil condition, slope, land availability etc.

	2
	Biological
	Insect, pests and natural enemies, weed communities plant and animal diseases, soil biota, natural vegetation, photosynthetic efficiency, cropping pattern, crop rotation etc.

	3
	Socio-economic
	Population density, social organization, economic 9price market, capital and credit availability) technical, assistance, cultivation implements, degree of commercialization, labour availability, etc.

	4
	Culture
	Traditional knowledge, beliefs ideaology, gender issues, historical events, etc.


B. Plant ecology

An aspect of biology which deals with the interrelationship between biotic (living things) and abiotic (non-living things) components as well as the relationships among the individuals of the biotic component is called ecology.

Life supporting environment of this ecology to the plant is plant ecology. The environment is the aggregate of all those things and set of conditions which directly or indirectly influence not only the development of growth and quality of life of individual organism but also the communities at a particular place.

1. Ecological factors

The environmental conditions which influence the life and development of organisms are grouped into four main classes namely, (a) climatic factors (related to aerial environment); (b) edaphic factor (related to soil condition); (c) physiographic factors (topographical); and (d) biotic factors.

a. Climatic factors

Climate is one of the important natural factors con- trolling the plant life. Five important climatic factors have been discussed below.

i. Light

Chief natural source of light is sunlight. Light affects many physiological activities of the plants. The green plants, the producers of eco-system, synthesise their food from water and carbon dioxide in the presence of sunlight. The impact of light on plant's life is given below.

-The rate of photosynthesis is greater in intermittent light than in the continuous light.

-Opening and closing of stomata is due to the presence and absence of light.

-Growth and flowering of plants depend on the intensity, quality, duration and direction of light.

-The seeds when moist are very sensitive to light. the red light promotes germination of seeds.

ii. Temperature

It affects the physiological processes of plants and consequently their growth and size. It also determines the type of species which can survive in a particular region.

The sudden fall in temperature is injurious because plant tissues are badly affected by it. The rate of respiration increases with the rise of temperature up to a certain level. But beyond the optimum limit the respiration rate shows marked decrease.

iii. Precipitation and atmospheric humidity

Water of atmosphere returns to the earth's surface through precipitation. This water is found in the form of rainfall, snow, dew, mist, fog, hails etc. They are most important climatic factors which affects the vital process of all the living beings. It affects the morphology and physiology of the plants.

The atmospheric humidity directly influences the form and structure of the plants. It directly affects the transpiration rate of plants. In dry atmosphere transpiration rate increases and as a result of this the water content of the leaf tissue decreases and the leaves wilt temporarily.

iv. Atmosphere and air

The earth is enveloped by a gaseous layer called atmosphere. Gaseous mantle forming atmosphere extends into outer space some 1000 km or so above the earth surface. It maintains contact with all the major types of environment of earth, interacting with them and greatly affecting their ability to support life.

The gaseous mixture present in the troposphere (lowest layer of atmosphere) is called air. Air moving from high pressure to low atmospheric pressure is called wind. It is an important ecological factor of environment and it affects plant life mainly on flat plains, high altitudes in mountains and along the sea coast.

b. Edaphic factors

The soil is one of the most important ecological factors called edaphic factors. Edaphic factors are those which are dependent on the soil as such on soil constitution, soil water, soil air, soil organisms and soil properties. Soils at different places vary considerably in their structure, components and properties. These differences in the soils are often largely responsible for differences in vegetation within the same climatic region.

The important edaphic factors which affect the vegetation are as follows.

i. Soil moisture

ii. Soil reaction

iii. Soil nutrients

iv. Soil temperature

v. Soil aeration or soil atmosphere

vi. Biotic components of the soil

c. Physiographic factor

Physiographic factors are those which are introduced by the structure, conformity and behaviour of the earth's surface, by topographic features, such as elevation and slopes, silting and erosion and consequently by local geology.

d. Biotic factors

The biotic factors include the influence of living organisms, both plants and animals, upon the vegetation. Any activity of the living organisms which may cause marked effects upon vegetation in any way is referred to as biotic effect. Biotic effect may be both direct and indirect.

The plants live together in community and influence one another. In the forest there are many plant communities such as trees, shrubs, mosses, lichens. These communities interact with one another and adjust according to environmental condition. Trees cast their shadow on many shade loving plants which grow around or beneath them. The microorganisms, such as bacteria, algae, fungi, and viruses affect the life of plants of a given area in many ways, such as decomposition of dead parts of plants, addition of organic compounds to soil, etc. Similarly animals which are in close association with plants also affect the plant life in one or several ways. Many animals use plants as their food and for shelter as well.

V. Conclusion

Agricultural evolution is usually viewed as the transformation of primitive communities by the introduction of improved techniques. Agriculture has undergone a great transformation to come up to this level. The concept of agriculture was just to provide minimum food requirement to man kind. In the course of time a great evolution took place in agriculture which changed the concept of agriculture from just means of existence to overall development of people.

Now agriculture has a dominant role in the Indian economy. It contributes nearly half of the national income and provides employment to about seventy per cent of the working population in India. It provides raw materials for most of our industries. It also accounts for sizable share of the country's foreign exchange earnings.
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