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CHAPTER 1 

AGRICULTURE AND 
AGRICULTURAL BIOTECHNOLOGY 

The word agriculture (agri = field; culture = tillage) means tillage of the soil leading to 
production of crops. The origin of agriculture could be traced to the early human 
attempts at settling down in congenial environments and gradually exploiting the 
animal and plant resources, which were found easily accessible. Undoubtedly, wild 
plants, their roots, fruits and seeds were among the principal plant resources belonging 
to the vegetable kingdom used as food by early man. 

For much of man’s tenure of the earth, he has been a hunter of animals of land and 
water, and a gatherer of plant material. Looked at in perspective, perhaps 90 per cent of 
his evolutionary span has been spent at this level, considering that agriculture began to 
emerge about 9000–7000 BC, and that industrialization on a large scale is a product of 
the nineteenth and twentieth centuries. The term hunter conceals a variety of practices 
but essentially all pre–agricultural folk were food gatherers rather than food producers. 
Some evidence exists to show that they also manipulated whole systems in some places 
rather than merely cropping individual species of plant and animal. 

In a world where population growth is outstripping food supply agricultural –and 
especially plant–biotechnology, needs to be swiftly implemented in all walks of life. 
Achievements today in plant biotechnology have already surpassed all previous 
expectations, and the future is even more promising. The full realisation of the 
agricultural biotechnology revolution depends on both continued successful and 
innovative research and development activities and on a favourable regulatory climate 
and public acceptance. Biotechnology should be fully integrated with classical 
physiology and breeding: 

1. As an aid to classical breeding,  
2. For generation of engineered organisms,  
3. For integration of microorganisms into agricultural production systems. 

Biotechnology is now–a–days changing the agricultural and plant scene in three major 
areas: 

1. Growth and development control (vegetative, generative and reproduction / 
propagation),  

2. Protecting plants against the ever–increasing threats of abiotic and biotic stress,  
3. Expanding the horizons by producing specialty foods, biochemicals and 

pharmaceuticals. 
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THE DOMESTICATION OF PLANTS 
The advent of domestication has meant a different type of man–environment 
relationship from that pertaining in hunting and gathering societies. In essence, 
domestication means changes in wild plants and animals: firstly, the alteration of their 
genetic structure by substituting human selection for natural selection. This process is 
still happening and has meant the alteration of ecosystems. This may have been 
deliberately engineered in order to accommodate the tolerances of the genetically novel 
biota, as in the practice of weeding in order to eliminate the competitors of chosen 
crops. At other times it has been accidental, as with gradual shifts in vegetation caused 
by pastoralist economies or as with the heavier silt loads contributed to streams after 
the clearance of forest for agriculture. The exercise of control over the genetics of plants 
and animals, usually called a revolution, often the agricultural revolution, or the Neolithic 
revolution. 

 
FIG. 1.1: Agriculture scenes from the book of the Dead of the Priestess Anhai of Ancient Egypt. 

DEFINITIONS OF DOMESTICATION AND THE NATURE OF THE EVIDENCE 
Domestication is not necessarily to be equated with cultivation, for it is possible to 
cultivate wild plants. Domestication means the bringing about of genetic changes to 
plants and animals which make them better suited to conditions provided by human 
societies than to those of their natural environment and when the process is complete 
the biota are fitted exclusively to a man–made environment and would not survive in 
the wild. 

Proceeding from an early stage in most domestication when there was much 
interbreeding between the selected domesticate and its wild ancestors, there has been a 
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general tendency to genetic isolation In which the domesticate is no longer inter–fertile 
with its wild relatives, even if they still exist. But, in early times the distinction between 
wild, husbands and domesticated biota must have been a tenuous one for many 
centuries at least, a fact to be remembered when evaluating evidence from the far end of 
agricultural time. Much of the evidences for domesticated plants come from a stage 
when domestication appears to be fairly complete, and authorities suggest that there 
must have been a long period of association and exploitation of the species before it 
could be said to be truly domesticated. 

TABLE 1.1: Cultivated plants originating in Southwest Asia–Mediterranean basin 

Cultivated Plants Origin 
Cereals  

Avena sativa Oats; secondary crop, N. Europe 
A. strigosa Fodder oats; addition crop, Mediterranean 
Hordeum vulgare Barley; primary crop, N.E. 
Secale cereale Rye; secondary crop, Anatolian plateau–N. Europe 
Triticum aestivum Bread wheat addition crop, Transcaucasia–Caspian 
T. diococcum Emmer; primary crop, N.E. 
T. monococcum Einkorn; primary crop, Turkey 
T. timopheevii Very minor wheat; Soviet Georgia 
T. turgidum Tetraploid wheat; derived from emmer, N.E. 

Root and tuber Crops  
Beta vulgaris Beet, mangel, chard; Mediterranean, W. Europe 
Brassica rapa Turnip; Mediterranean (also maybe China) 
Daucus carota Carrot; Mediterranean, widespread 
Raphanus sativus Radish; wild and weed races widespread 

Oil Crops  
Brassica campestris Rapeseed; E. Mediterranean 
B. nigra Mustard, mustard oil; E. Mediterranean 
Carthamus tinctorius Safflower; N.E. 
Linum usitatissimum Flax, linseed; primary crop, N.E. 
Olea europaea Olive; Mediterranean 
Papaver somniferum Poppy; possibly primary crop, N.E. 

Fruits and Nuts  
Corylus spp. Hazelnut, fibert; Balkans to Caspian 
Cydonia oblonga Quince; Balkans to Caspian 
Ficus carica Fig; Turkey–Iraq–Iran 
Juglans regia English walnut; Balkans to Pakistan 
Phoenix dactylifera Date palm; Lowland steppes of Near East 
Pistacea vera Pistachio; Turkey–Iran 
Prunus amygdalus Almond; Turkey to Pakistan 
P. armeniaca Apricot; Turkey–Iran 
P. avium Cherry; Balkans to Caspian 
P. domestica Plum; Balkans and E. Europe 
Punica granatum Pomegranate; Transcaucasia–Caspian 
Pyrus communis Pear; Turkey–Iran 
P. malus Apple; Balkans–Transcaucasia–Caspian 
Vitis vinifera Grape; Mediterranean 

Vegetables and Spices  



4 Agricultural Biotechnology 

Cultivated Plants Origin 
Allium cepa Onion; Mediterranean 
A. sativum Garlic; Mediterranean 
A. porrum Leek; E. Mediterranean 
Anethum graveolens Dill; Mediterranean 
Brassica oleracea Cabbage, cauliflower, brussels sprouts, kale, kohlrabi, Broccoli; addition from W. 

Europe 
Carum carvi Caraway; N.E. 
Coriandrum sativum Coriander; N.E. 
Cucumis sativus Cucumber; N.E.? India? (possible domestication in both areas) 
Cuminumcyminum Cumin; N.E. 
Foeniculum vulgare Fennel; Mediterranean (also widespread) 
Lactuca sativa Lettuce; Mediterranean 
Lepidium sativum Gardencress; Mediterranean 
Petroslinum sativum Parsley; Mediterranean 
Pimpinella anisum Anise; Mediterranean 
Portulaca oleracea Purslane; Mediterranean 
Trigonella foenum–graecum Fenugreek, Turkey 

Fiber Plants  
Cannabis sativa Hemp; widespread, Eurasian 
Linum usitatissimum Flax; primary crop, N.E. 

Starch and Sugar Plant (Not Root) 
Ceratonia siliqua Carob, tree with sweet pods; E. Mediterranean 

Forage Crops  
Agropyron spp. The wheatgrasses; Eurasian, useful types from Turkey and USSR. 
Agrostis spp. The bentgrasses; W. Europe 
Bromus inermis Smooth bromergrass; Turkey to Central Europe 
Dactylis glomerata Orchardgrass, cocksfoot; Europe, Mediterranean 
Festuca arundinacea Tall fescue; European N. Africa, N.E. 
Lolium spp. The ryegrasses; Europe–Mediterranean 
Medicago sativa Alfalfa; Central Asia, Turkey–Iran 
Medicago spp. The medic clovers; mostly Mediterranean 
Meliotus spp. The sweet clovers; widespread Europe and N.E. 
Onobrychis viciifolia Sainfoin, Turkey 
Phalaris arundinacea Reed canarygrass; widespread Europe 
P. tuberosa Hardinggrass; Mediterranean 
Phleum pratense Timothy; widespread Europe 
Sorghum halepense Johnsongrass; Mediterranean, N.E. 
Trifolium spp. The true clovers; Europe, N.E. 
Vicia spp. The vetches; Mediterranean 

Drugs, Narcotics, Fatigue Plants 
Atropa belladonna Belladonna; Mediterranean 
Digitalis purpourea Digitalis; Europe 
Glycyrrhiza glabra Licorice; Mediterranean, N.E. 
Hyoscyamus muticus Henbane; Mediterranean, N.E. 
Papaver somniferum Codeine, morphine, opium; Mediterranean 
Plantago psyllium Psyllium; Mediterranean 

N.E.= Near East, Source: Harlan 1975. 
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AGRICULTURAL BIOTECHNOLOGIES AND BREEDING: 
A HISTORICAL PERSPECTIVES 
The efforts for improvement of plant and animal yield were already documented in the 
ancient scriptures of many nations of the Old and New World. The documented history 
of all cradles of civilizations–Mesopotamia and the Lands of the Bible, Egypt and China, 
as well as in Africa, South and Central America, and Greece–contain detailed records of 
agricultural activities and improvement of plant and animal productivity. 

Domestication of plants and animals, followed by food storage, coincided, most 
probably unintentionally, with the growth of microorganisms. Thus, was born classical 
food fermentation, the earliest known application of biotechnology, focusing on the use 
of microorganisms to produce food products. The technique is well documented for 
beer brewing, wine production, and bread baking, in various archeological relies and 
scriptures relies and scriptures of the ancient civilizations of Egypt, China, and the 
Lands of the Bible. Wine consumption was already suggested, thousands of years ago, 
by Lot’s daughters to (make our father drunk). Cheese, yogurt, vinegar, soy sauce, and 
bean curd, are additional examples of traditional uses of microorganisms in 
biotechnology for both food and industrial applications. A long road was crossed in 
terms of the use of microorganisms in biotechnology by the time the U.S. Supreme 
Court ruled in 1980 in favor of patented microorganisms in the case of Diamond vs 
Chakrabarty. This verdict opened a new commercial avenue for fermentation as a major 
tool in genetic engineering. 

Gradual improvements in agricultural techniques, domestication of additional plant 
and animal species from the wild, step–by–step selection of better–performing and 
more–adapted genotypes, along with intuitive breeding, continued at a slow pace. 
Mendel’s discoveries and laws, in the period of the 1860s, revolutionized genetics, and 
led at the beginning of the 20th century, to planned, controlled breeding experiments. 
Breeding, or the old biotechnology, was now harnessed as most successful tool, resulting 
in better crops and farm animals. This rapid scientific development has significantly 
improved agricultural yields and product quality, to better support the increasing 
human demands for a variety of foods. The selection of cereal subspecies with shorter 
stalks and the isolation of high–yield rice with better growth capacity are just two 
examples of successful achievements of the green revolution of the 1960s. More 
productive genotypes of corn, cereals, rice, and legumes, as well as cattle and poultry, 
enabled individual farmers and agricultural enterprises alike to provide more food. In 
addition, they received better financial returns for their agricultural activities. Soon, this 
old biotechnology was revolutionized again, when DNA was cloned in 1973. Toward the 
end of the 1970s and during the early 1980s, recombinant DNA technologies resulted in 
the first development of transgenic microorganisms and, subsequently–animals and 
plants. The novel scientific discoveries and techniques thus paved the way for the new 
agricultural biotechnology. This historical development is schematically illustrated in Fig. 
1.2. 

ORIGIN AND DEFINITION: OLD VS NEW BIOTECHNOLOGY 
Biotechnology (bio = the use of biological processes, and technology = to solve problems 
or make useful products), in the recent years, has created unprecedented opportunities, 
not only for the manipulation of biological systems for the benefit of logical systems for 
the benefit of mankind but also for undertaking studies to understand the fundamental 
life processes. Consequently, it has become the world’s fastest growing and most 
rapidly changing technology. 
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The story of the use of biological systems for the fulfillment of human needs 
perhaps started in 6000 BC when Sumerians and Babylonians fermented a kind of beer. 
Beginning with fermentation, use of biological processes then experienced many 
changes over the centuries. However, greatest revolution until now commenced with 
1970’s and 1980’s, when a product of interaction between the science of biology and 
technology came into wider existence. This relationship got the name Biotechnology. 
Fermentation, antibiotic production, baking and brewing are included in old 
biotechnology, whereas, techniques related with cell culture, fusion, bioprocessing, 
genetic engineering etc. were named as new biotechnology. Besides the several 
educational institutions, many commercial companies also engaged themselves in 
biotechnology research for potential gains. 

 
FIG. 1.2: Research and Development in biotechnology through ages. 

Biotechnology is the third wave in biological sciences and represents such an 
interface of basic and applied sciences, where gradual and subtle transformation of 
science into technology can be witnessed. The prokaryotes, eukaryotic algae, 
glycophytes and halophytes all are likely to contribute in commercially viable future 
propositions. Biotechnology is the application of biological organisms, systems or 
processes to manufacture and service industries, comprises a number of technologies 
based upon increasing understanding of biology at the cellular and molecular level. The 
technique includes recombinant DNA manipulations, monoclonal antibody preparation, 
tissue culture, protoplast fusion, protein engineering, immobilized enzyme, cell 
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catalysis, sensing with the aid of biological molecules, etc. The term biotechnology gained 
several definitions from different group as follows: 

Biotechnology: Definitions 
There are many definitions of biotechnology and yet there is more confusion as to what it 
is, and what is involved in the practice activity; is practiced in University and 
Polytechnic Laboratories, Government and private research institutes and large and 
small industries, who are each involved to some extent in research, development, 
testing, evaluation and production exercises. Clearly, what goes on in industry, is better 
defined as Process Biotechnology. This is simply described as a discipline which 
enables its exponents to convert raw materials to final products when either the raw 
material and/or a stage in the production process involves biological entities. 
Biotechnology in the broad sense, however, involves the cloners, the hybridisers and the 
molecular and cell biologists. It involves the conjoint interaction of two identifiable 
sub–components; bioScience and bioTechnology. 

1. Biotechnology is also defined as the applications of scientific and engineering 
principles to the processing of material by biological agents to provide goods and 
services. 

2. The Spinks Report (1980) defined biotechnology as the application of biological 
organisms, systems or processes to the manufacturing and service industries. 

3. United States Congress’s Office of Technology Assessment defined biotechnology 
as any technique that used living organisms to make or modify a product, to 
improve plants or animals or to develop microorganisms for specific uses. The 
document focuses on the development and application of modern biotechnology 
based on new enabling techniques of recombinant–DNA technology, often referred 
to as genetic engineering. 

4. British Biotechnologist: Application of biological organisms, system or processes to 
manufacturing and service industries’ 

5. European Federation of Biotechnology: The integrated use of biochemistry, 
microbiology and engineering sciences in order to achieve technological (industrial) 
application of the capabilities of micro–organisms, cultured tissue cells and parts 
thereof’ 

6. Japanese Biotechnologists: A technology using biological phenomena for copying 
and manufacturing various kinds of useful substances 

7. US National Science Foundation: The controlled use of biological agents, such as 
microorganisms or cellular components for beneficial use. 

Unfortunately, biotechnologies, are still in the process of early development, do not 
possess a sharp and easily defined form. Only in last fifteen years progress have been 
made by microbiologists and genetic engineers, and we are hopeful to solve many fold 
problems of the present day, specially energy and food crisis to cater the need of 
growing population of the world. Mineral ore deposits are also becoming more scarce 
and expensive to recover from earth’s crust. Microorganisms can be used to enhance the 
recovery of metals from low–grade ores and from effluents containing undesirable 
quantities of heavy metals or other toxins. 
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FIG. 1.3: Biotechnological days. Despite the potential gains, the number of companies engaged worldwide in 
biotechnology research remains stagnant. 

When these technologies are applied at industrial level, they constitute bio–industry 
which include, on the one hand, industrial activities where biotechnologies can replace 
technologies normally or currently in use and, on the other hand, industrial activities 
where biotechnologies play an important driving role. There are several areas in which 
these technologies are being used; the important are chemical industry, food industry 
(mass production of yeast, algae and bacteria with a view of providing proteins, amino 
acids, vitamins, and use of enzymes), agricultural productivity, pharmaceutical 
industry, environmental protection and abatement of pollution, etc. 

Feeding the World 
In 1990, the global population was approximately 1.6 billion. Now, at the beginning of a 
new century, this number has surged to 6 billion, and the global population will reach 
10 billion by 2030. Today, 70 percent of the people on the planet grow what they eat. By 
2025, the U.N. estimates that half will live in cities and need to be fed through market 
channels. Some estimates indicate that world food production will have to double on 
existing land over the next 30 years if it is to keep pace with anticipated population 
growth. While the United States and other developed nations produce surpluses of 
staples like rice, corn and other grains, many countries are not self–sufficient. Often, 
this is because of climate or other environmental limitations that make it difficult to 
grow conventional crop plants. Biotechnology may make it possible to customize the 
genetic makeup of crop plants so they can grow in exceptionally dry or wet, hot or cold 
climates. This could make self–sustaining agriculture a reality for people in areas of the 
world that currently can’t feed their populations. 

Increased crop yield, greater flexibility in growing environmental, less use of 
chemical pesticides and improved nutritional content make agricultural biotechnology, 
quite literally, the future of the world’s food supply. 
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AGRICULTURAL BIOTECHNOLOGY: MULTIPLE FACES 
The expansion of biotechnology in the medical arena often overshadows the emerging 
role of agricultural biotechnology. However, many more people around the world die 
from famine and malnutrition than from Western diseases. With the human population 
expected to reach 10 billion by the year 2050, the challenges facing agriculture and food 
research are enormous. Therefore, there is an urgent need to intensify our development 
of agricultural biotechnologies.  

While established agricultural techniques, such as breeding and growth control 
have resulted in remarkable achievements since the dawn of plant and animal 
domestication, new methodologies are clearly required. Emerging biotechnologies have 
seen dramatic developments during the last decade and should be able to overcome and 
complement the limits of former standard procedures. 

1. Biotechnology of plants and specific crops, including genetic engineering for yield 
and quality traits, metabolite production, rapid clonal propagation, and germplasm 
conservation. 

2. Microbial agro–biotechnology, including new approaches to plant pest control, 
biofertilization, bioremediation, and fermentation of agricultural products.  

3. Livestock biotechnology, including genetic manipulations for improving fertility and 
reproduction, growth, milk quality, egg production, disease control, and 
genepharming.  

4. Marine biotechnology, including the use and improvement of fish, macro– and 
micro–algae for food and biochemical production and environmental uses. 

All these domains are concerned with food production and the conservation of our 
environment. They share a search into the regulation of genes that are responsible for 
specific qualitative or quantitative traits. Agricultural biotechnology should be 
continuously monitored and regulated as to its effect on humanity and the 
environment.  

Biotechnology is a most powerful tool to further advance the various fields of 
agriculture. However, it can work practically only if it can be combined with established 
breeding strategies and with common agricultural practices. In fact, all agricultural 
biotechnologies should be looked upon as an extension and integral part of traditional 
breeding and agriculture, contributing successfully to shortening the breeding cycle, 
and to production of quality agricultural commodities. The basic biotechnological 
methodologies are available. They need to be adapted and oriented to the specific needs 
of agriculture. They should be integrated with a better comprehension of the physiology 
and metabolism of the organism in question, and standard agricultural practices. 

Biotechnology is a applied science and has made advances in two major areas, viz., 
molecular biology and production of industrially important biochemicals (including 
enzymes). Contribution of above cited scientists including and many Nobel Laureates is 
land mark in this field. The science has following multiple applications in agriculture 

1. Automated bio–screening. 
2. Bio–processing alkenes to valuable oxides and glycols. 
3. Developing immobilized cell and enzyme systems for chemical process industries. 
4. Engineering of a series of organisms for specific industrial use. 
5. Genetical improvement of microorganisms for production of pharmaceutical 

products. 
6. Human gene therapy. 
7. Improved production of Vitamin B12. 



Agricultural Biotechnology

Publisher : Agrobios Publishers ISBN : 9788177543551 Author : S S Purohit

Type the URL : http://www.kopykitab.com/product/6233

 Get this eBook

http://www.kopykitab.com/index.php?route=product/product&product_id=6233

