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Preface

The Earth’s surface has experienced profound modifications because of human activi-
ties . and this trend will inevitably continue due to the rapid population increase and accel-
erating technological developments. Since the advent of the Industrial Revolution, agricul-
tural and industrial activities have been featured with the massive consumption of non-re-
newable resources. but it is renewable resources and the systems that sustain them that
are now under the greatest threat of degradation or even extinction. Many environmental
problems, such as water pollution, habitat losses and land degradation are becoming more
serious as the quantity, numbers and variety of man-made industrial, agricultural and oth-
er chemicals are continually increasing, and soil erosion is intensifying. An expanding pop-
ulation with increasing concerns over our environment is demanding technological break-
throughs that are environmentally benevolent in agricultural production and resource ex-
ploitation. Biotechnology. especially molecular techniques, appears to be a natural candi-
date for this purpose.

Both molecular biology and environmental science have become highly popular fields
of study within last two decades. But developments in molecular biology (DNA manipula-
tion techniques in particular) were initially regarded as potentially risky to the environ-
ment. Genetic engineering and its products (e. g., genetically modified organisms) met
stiff resistance from the public. However, molecular biology still advanced at an unprece-
dented speed in last 30 years because of its enormous economic incentives. The application
of the new molecular techniques has in fact brought exciting and often explosive change to
areas of biological research as diverse as taxonomy, physiology. evolutionary biology, and
the subjects of this book——agricultural and environmental sciences.

Given the breadth of topics on potential applications of molecular techniques to agri-
cultural and environmental sciences, it is an extraordinarily difficult Gif not impossible)
task to cover every major aspect in one book, so we do not attempt to be complete.
Rather, the message we wish to convey is that the tools of the molecular biologists are
now available and can be extremely useful and timely in promoting effective exploitation of
natural resources as well as sustainability of ecosystems in which those natural resources
exist.

World agriculture is facing unprecedented challenges, as farmland is continually
shrinking and degrading ( China as a typical case) (Chapter 1). Advances in molecular
techniques can contribute to sustainable development through alleviating environmental
degradation in the short term and promoting ecosystem restoration in the long-term(Chap-

ter 2). Natural biodiversity is the planet’s greatest but least developed resource, which is
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also least appreciated. Only a tiny proportion of this enormous gene pool has been exploit-
ed, mostly because of technical limitations. FEven more strikingly, many species have be-
come extinct before they are identified. Molecular techniques. especially RNA or DNA-re-
lated ones. offer unique opportunities for human beings to identify the patterns of biodi-
versity {(microorganisms in particular) and estimate its scope., and can facilitate the formu-
lation of the strategies for conservation of endangered species (Chapter 2). Molecular
techniques also facilitate the utilization of large number of accessions stored in national and
international genebanks through identifying duplicates, constructing core collections and
identifying useful genes from wild relatives (Chapter 3). High density mapping of major
crops is of extremely importance for effective utilization of valuable genetic characteristics
in agriculture (Chapter 4). Which has become feasible due to development of new DNA-
based molecular markers. In the utilization of molecular markers and high density mapping
based on molecular markers, marker-assisted selection (Chapter 5 and 6)and map-based
cloning genes have gained considerable attention (Chapters 7,8,11 and 12).

Conventional agriculture is featured with high input of energy as pesticides, fertilizers
and other non-biological chemicals, which consists of one of the most challenging aspects
to the environment. However, inorganic chemical input can be significantly reduced
through genetic improvement of plant crops. Significant progress has been achieved in un-
derstanding molecular mechanisms of plant resistance to bacteria and fungi (Chapters 7
and 8), viruses (Chapters 9 and 10),insects and root-related parasites (Chapters 11 and
12), which therefore help to better understand the gene-to-gene theory, the corner stone
in breeding resistant cultivars. Moderate success has been achieved in field applications of
cultivars obtained through molecular methods. Genetically modified microorganisms or
their products have been used and are of great potential in biocontrol for insects, root
pathogens and weeds (Chapter 13). Improvement of plant resistance to herbicides with
molecular techniques can also be beneficial to the environment since it would reduce appli-
cations of highly toxic wide-spectrum herbicides (Chapter 14).

Biotechnology can contribute to sustainable agriculture not only through reducing pol-
lutant input to the environment but also providing diagnostic and prognostic early-warning
tests of environmental problems and promoting ecosystem recovery. Biotechnological
methods offer realistic alternatives to chemical methods for environmental monitoring be-
cause of their high specificity . sensitivity and direct linkage to biological processes. Im-
munoassays for {food monitoring of contaminants has gained acceptance in food industry,
and methods based on PCR for food microorganism detection are being developed (Chapter
15). Molecular biomarkers (e. g. ,antibodies, DNA adducts) of the biological effects of
contaminants on organisms have their applications in detecting effects not only on physio-
logical and biochemical processes but also on community structure and ecosystem functions
(Chapter 16). Molecular mechanisms of biodegradation of many recalcitrant organic com-
pounds such as PCBs are being elucidated, and considerable efforts have been recently di-
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rected towards enhancing the capacity of microorganisms for bioremediation through
molecular methods (e. g. . genetic construction of PCB degraders)(Chapter 17).

As losses of cultivated lands to soil erosion and non-agricultural purposes continue,
agriculture is expanding towards other potentially reclaimable lands, of which many lie in
ecologically fragile habitats. Biotechnology can increase the productivity of crop cultivars
on per unit area and therefore protect those ecologically valuable habitats from further
reclamation. In this aspect, two areas of work may be of special significance and promise
elucidation of molecular mechanisms resulting in the increased vigor and yield of hybrids
(Chapter 18) and improvement in the resistance or tolerance of plants to environmental
stresses and performance of crops on low-fertility soils (Chapter 19).

A critical review on the release of genetically moditied organisms into the environment
and their detection closes the book (Chapter 20) but decidedly not the research in applica-
tions of molecular techniques for enhancing agricultural productivity as well as environ-

mental quality.

Yang Zhuping
Agro-Biotech Research Center, SAAS, Shanghai

Hu Shui jin
University of California, Berkeley, CA

Zhou Xingliang
North Carolina State University, Raleigh,NC
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