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Preface

The significance of biotechnological innovations in crop improvement is considerable, especially in 
the present day context when the nations are more concerned about quality of agricultural produce as 
well as the environmental sustainability. At this juncture, it is a matter of immense pleasure to place 
this volume before you though the considerable delay in doing so is regretted. As far as possible, 
an effort has however been made to update the information covered in it. The present book embod
ies the proceedings of “Symposium on Biotechnology in Agriculture & Environment” held in 1998 
at Chandigarh. It encompasses three sections, two of which are devoted to applications of biotech
nology in agriculture and environment whereas third section is focused on bioinputs for achieving 
sustainability. [-6pt]

The self-guiding style of this book is aimed at researchers as well as practitioners both in the 
fields of agriculture and environment. The contents of the book review research trends in areas such 
as plant tissue culture, genetic engineering in crop improvement, biological stabilization of industrial 
wastes, bioremediation of contaminated soils, biofertilizers, biopesticides as well as case studies of 
private sector. We wish to put on record our gratitude to all the contributors, as it is the quality of their 
contribution that makes this volume valuable. We are also grateful to Department of Biotechnology, 
Govt, of India and other organizations for having sponsored the Symposium and publication of its 
proceedings in the form of this volume.

March, 2002 J . K . A rora
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Biotechnology in agriculture and 
environment: An Overview

J.K. A r o r a  a n d  S .S . M a r w a h a

Biotechnology Division 
Punjab State Council for Science and Technology, Sector 26, 

Chandigarh - 160019

Agriculture has evolved since the dawn of civilization, first as a means to guaran
tee food supply, and then, as a source of family income & improved profitability 
and finally becoming the backbone of economies of many agrarian countries like 
India. It still needs to evolve further as so far the emphasis has been more on 
productivity than on sustainability. The present scenario however, warrants that 
developmental planning has to be based on carrying capacity so as to link so
cial expectations with ecological capabilities or in other words ensure economic 
efficiency coupled with long-term sustainability of natural resource base.

In this context, agriculture being strongly dependent on the availability of 
natural resources suffers from various limitations. These include reduced land 
and water availability; constraints associated with conventional breeding and in
creased soil, water and air quality deterioration due to intensive use of farm chem
icals. Besides, local pricing policies and growers’ profitability are no longer very 
effective as they are increasingly affected by the volume of international trade and 
international prices of food and other agricultural products.

In this scenario, biotechnology is fast emerging as a very powerful technolog
ical force well poised to offer inputs, which can go a long way in bringing about 
a balance between agriculture and environment.

DEVELOPMENT STATUS AND POTENTIAL 
Towards Agricultural Improvement
Biotechnology offers diversified applications, multiple technological approaches 
and a large repertoire of products for agricultural improvement. The key areas of 
interest are higher agricultural productivity, enhanced quality through improved 
nutritional attributes, value addition to crops from therapeutic point of view and 
improved crop protection.

As far as scope for development of biotechnology in India is concerned, the 
country’s economy being heavily dependant on agriculture, it offers a huge market
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for agri-biotech products. Moreover, excellent existing scientific infrastructure in 
agriculture, rich biodiversity and skilled low cost human power make India a force 
to reckon with. During 1999, the actual consumption of agri-biotech products 
including seeds in India has been to the tune of 25670 million rupees, which 
is 29.8% of total consumption of biotech products, estimated at 86040 million 
rupees in the same year. It is expected to rise to 28880 million rupees in 2005 and 
78720 in 2010. There are about 50 private Indian Seed companies and about 400 
organizations doing commercial research on agriculture.

As regards R&D leads in the country, the transgenics of rice, brassica, moong- 
bean, pigeonpea, cotton, potato, tomato, cabbage and cauliflower etc. would be 
completing field assessment and some of them would be ready for large scale pro
duction by 2005. Transgenic wheat with more protein content, better quality and 
also higher lysine content and marker assisted breeding programme are expected 
to be introduced within next 2-3 years. The sequencing of chromosome -11 in 
rice is expected to be completed by 2005 with an annual contribution of 2 Mb to 
international rice genome project. The work on development of edible vaccines by 
incorporation of an expression gene in tomato, cabbage and banana is in progress 
particularly for cholera, rabies and hepatitis B. This has significant implications 
for developing countries like India where immunization against common diseases 
has proven to be difficult and expensive because of problems such as maintain
ing a reliable cold chain from the place of production to villages. Hence, genetic 
modification of crops for production of edible vaccines could make a major dif
ference to rural health care in times to come. Plant tissue culture protocols are 
available for many crops. A number of herbal products in the form of formu
lations, immounomodulators and drugs are expected to be in the market within 
a year or so. In addition, about 20 agrobiotechnological packages for achieving 
higher and better yield of many herbal products are being standardized.

Increasing the shelf life of fruits and vegetables through biotechnology is an
other boom area. India is the largest producer of fruits and the second largest pro
ducer of vegetables in the world, after China. However, it accounts for only 1% 
of the world exports of fruits and vegetables. Over $2 billion worth of fruits and 
vegetables are lost each year due to highly inadequate storage and post-harvest 
technologies. Work is under way to produce vegetables with genes to ripen more 
slowly, and hence having a better shelf life. Further, for both the domestic and 
export markets, improvement of food processing will have an enormous impact, 
for which, screening of micro-organisms and their genetic manipulation is being 
carried out for isolation of more effective enzymes. The means are being explored 
to fortify food items ranging from edible oils to sugar in an attempt to tackle mass 
nutritional problems such as deficiencies in vitamin A, iron and iodine.

Towards Environmental Improvement
The priority areas where biotechnology is finding application for environment 
improvement are environmental monitoring using biosensors and bioindicators, 
restoration of environmental quality through bioremediation, application of agri
biotech inputs such as biofertilizers and biopesticides, conservation of biodiver
sity and bioprospecting etc.
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The conventional current methods and techniques in vogue for environmental 
monitoring are plagued with several limitations such as long time, complex proce
dure etc. which many a times defeat the very purpose of monitoring. The micro
bial sensors are available now, which automatically estimate BOD (Biochemical 
Oxygen Demand) in about 10-15 minutes within reproducibility of 3%, a process
ing capacity of 4 samples per hour and a life span of 20 days of continuous use. 
These are being used for water quality monitoring at chemical and sewage treat
ment plants. Within the next 2-3 years, number of biosensors and bioindicators 
especially enzyme-based ones are likely to be available for pollution control.

Further, bioremediation and waste recycling using new microbial consortia is 
already under way. Recently, a consortium of bacteria, which converts oil sludge 
to water and renders the land suitable for farming, has been developed.

Other important biotechnological inputs of tremendous environmental signif
icance are biofertilizers and biopesticides. Several strains of rhizobia, blue green 
algae, phosphate-solubilizing bacteria etc. have been isolated and screened for 
their nitrogen-fixing ability and are being used extensively for achieving better 
crop yields without affecting the soil structure and ecological balance. Also, the 
transgenic biofertilizers and biopesticides particularly botanicals which have al
ready been developed are being field-tested.

Further, India is one of the 12 mega biodiversity countries of the world. With 
only 2.4% of the land area, the country accounts for 7-8% of the recorded species 
of the world. The Convention on Biological Diversity (CBD) offers opportunities 
to the country to realize benefits from its rich biological resources. Hence, great 
emphasis is being laid on biodiversity conservation and bioprospecting1. The 
projects for inventorisation of economically important plants, medicinal plant re
sources, animal, marine & microbial resources and their bioprospecting are under 
way. The introduction of molecular markers to characterize genetic variance, to
gether with the possibility of introducing genetic material from other species and 
genera, to improve crop yield and concentration of nutrients, as well as resis
tance to disease or environmental conditions, are increasing the potential value 
of biodiversity for agriculture. Recently, the Indian Council of Agricultural Re
search (ICAR) and the International Plant Genetic Resources Institute (IPGRI) 
have signed an agreement of cooperation on the conservation and use of agro 
biodiversity of the country.

Other avenues in the biotechnology, biodiversity and agricultural continuum 
include the possibility of cultivating wild or transgenic plants for the production 
of active compounds for use as drugs or agro chemicals. This is especially true 
when it is not possible to fully synthesise the compound in the laboratory, or when 
the cost benefit analysis favours the domestication process.

1 Bioprospecting describes the systematic search for and development of new sources of chemical 
cmpounds, genes, micro and macroorganisms, and other valuable products from nature. Bioprospect
ing incorporates two fundamental goals, (i) the sustainable use through biotechnology of biological 
resources and their conservation, and (ii) the scientific and socio-economic development of source 
countries and local communities.
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CHALLENGES AND EXISTING MECHANISMS 

Biosafety Aspects

Biosafety and environmental impact of genetically modified < rganisms (GMOs) 
occupies the center stage of international debate concerning public acceptance 
of biotechnology. This has acquired immediate attention especially because sev
eral GM agri- products have already been commercialized world over. Further, 
biosafety emerged as a global priority in Chapter 16 of Agenda 21 adopted during 
the United Nations’ Conference on Environment and Development, and in articles 
8 (g) and 19 of the Convention of Biological Diversity. The fundamental risks that 
need to be taken care of are:

•  Escape of engineered gene by gene flow or gene dispersal.

•  The consequences of such a gene escape.

•  Possibility of genetically engineered plants having the potential to be
come super weeds/aggressive colonizers.

•  Toxicity and allerginicity to humans and animals.

•  Effects on biodiversity.

The excessive emphasis on ‘engineered gene’ in debates is in fact not partic
ularly useful because genetic code is universal and even distantly related species 
share a large proportion of their genes. In conventional breeding also, the se
lected new varieties usually include novel genes transferred from a related variety 
or species or introduced through natural or induced mutations. The unique char
acteristic of a transgenic crop, however, is that its genetic make up allows it to 
copy an aspect of the metabolism of an unrelated species. Hence, to address all 
the concerned which could be direct or indirect outcome of this unique charac
teristic, the biosafety guidelines are in place in most of the countries including 
India. The current regulatory system for import of transgenic germplasm, small 
and large scale field trials of transgenic crops is depicted in Fig. 1& 2.

However, by and large, the perception of GM crops is still vague in the minds 
of people and the scientific community has the major responsibility to demon
strate the safety and usefulness of the technology. The over regulation may also 
hamper the growth of technology. The need is to demonstrate that biosafety can 
be achieved by assessing and managing environmental risks, evaluating ecologi
cal consequences and weighing these against potential benefits. In this context, 
a step-by-step, case-by-case approach can foster a deliberate, informed and envi
ronmentally responsible use of biotechnology. This warrants an immediate need 
for in-house capacity building so that the scientific and administrative manpower 
is well equipped to take up this challenge

Intellectual Property Rights (IPR) Regime and GATT Agreement

India is entering into a new regime of trade and protection of intellectual prop
erty. For this, a national consensus is required on the broad regulatory frame work 
taking into account both the economic development as well as the national inter
ests. The IPR regime requires patent protection to processes as well as product



Figure 1. Present regulatory system in India for imports and small-scale field trials of GMOs with approximate timelines.

IBSC: Institutional Biosafety Committee; RCGM: Review Committee on Genetic Manipulation; DBT: Department of Biotechnology; 
MEC: Monitoring cum Evaluation Committee; NBPGR: National Bureau of Plant Genetic Resources.
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