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Abstract

Agriculture is an important industry to ensure national food security, support
rural revitalization, and facilitate national economic and social development. It
is closely related to human health. On the one hand, agricultural products are
an important source of energy and nutritional elements necessary for human
health. On the other hand, important animal epidemics and zoonosis are still
posing frequent threats to human health. In addition, agriculture bears a variety
of social functions, including landscaping, ecological conservation, urban and
rural landscape construction, cultural inheritance, etc., thus playing a fundamental
role in the ecological civilization construction of “Beautiful China”. Agriculture
is also an essential field of international exchanges. China boasts a profound
cultural foundation and history of cooperation in the transactions of agricultural
product with countries along the “Belt and Road”. This industry is thus crucial
for strengthening the country’s international competitiveness and broadening
international cooperation in building the Silk Road of Green Development. This
is why agricultural science, as a comprehensive science to study the theories and
practices of agricultural production, is a crucial support of agricultural technology
progress, industrial development and the steady growth of national economy and
society. To develop agricultural science is strategic choice of China to improve its
agricultural technology and international competitiveness in agriculture, which will
lay a foundation for the implementation of China’s rural revitalization strategy and
agriculture sustainable development.

Agricultural science covers multiple disciplines, including basic agriculture
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and plant/crop science, plant protection, horticulture, plant nutrition science,
forestry, herbalism, animal science, veterinary medicine, fishery science, food
science and agricultural interdisciplinary disciplines. Driven by both the research
achievements of life science and other disciplines and the development needs
of agricultural industry, agricultural science not only concerns the cutting-edge
scientific issues in the field of agrobiology, but also provides technical support
for addressing problems in agricultural production. The laws that underlie the
development of agricultural science are manifested in the following four aspects.
(1)Social and economic development and national demands are the motive power
driving the constant growth of agricultural science. For example, the industrial
upgrading and transformation of agriculture is the result of continuous spurring
of a series of demands, including major national demands (e.g., food security),
consumers’ demands for high-quality, nutritious and safe agricultural products,
and manufacturers’ demands for green and efficient production. (2)The core
vitality of the development of agricultural science lies in the close combination of
theory and practice. Most of the problems in agricultural science research result
from industrial development demands and production practice. Breakthroughs in
this field will spur the research and development of new technologies, which are
likely to be transformed into actual outcomes to support industrial development.
(3)Interdisciplinary fusion and integrating innovation is an important means to
promote the development of agricultural science. With the development of modern
science and technology, the trend of fusion, penetration and mutual promotion
between agricultural science and other disciplines such as biology, chemistry,
informatics, medicine, resource and environment, and energy is becoming more
prominent. (4)Cooperation has increasingly become the solution of scientific
research to address major issues. There is inevitably a growing trend of international
cooperation in the research on agricultural science for some major practical and
complex problems in the future.

The development trend of agricultural science in China is mainly reflected in
following several aspects. (1)The focus and goal of agricultural science research are
to ensure food security and food nutrition and health. From the global perspective,
population growth and upturn living standards have led to increasingly growing
pressure on food security and the demands for nutritious and healthy food.

However, the shortage of arable land, water and other resources has increasingly

Xviii



Abstract

tightened the constraints on agriculture. (2)The accelerated development of smart
agriculture innovation will lead to the transformation of agricultural paradigm in
the future. Smart agriculture represents an advanced productive force of agriculture
in the future. To improve our overall strategic planning of smart agriculture
from basic research to technological innovation and product creation is of great
strategic significance to promoting the green, efficient and sustainable agricultural
development of modern agriculture in China. (3)The gradual complete connection
of the whole industrial chain of agriculture is facilitating its green and high-quality
development. Connection to the whole industrial chain of agriculture is the only way
to realize green and high-quality development of agriculture. Specific efforts include
resolving technology bottlenecks through innovation and integrating technology
patterns based on quantified system analysis and design for the material cycle of the
whole industrial chain of agriculture and its ecological and environmental effects.
(4)Problems from major agricultural regions are becoming an important subject
of research on agricultural science. The personnel engaging in basic research of
agricultural science are giving increasing weight to the combination of scientific
goals and national demands in the scientific research on the problems of industrial
development in major agricultural regions. The basic research outcomes are then
applied in agricultural production so that they will play a better role in ensuring
national food security and effective supply of important agricultural products.
(5)The growing impacts of global climate change on agriculture make it imperative
to carry out emission reduction and eco-friendly campaigns. Extreme climate
events will lead to more losses in agricultural production and economy. How
the agriculture sector responds and adapts to global climate changes is widely
concerned by the international scientific community. It is believed that the key to
global agricultural development at present lies in the utilization of modern high
technology to gradually reform the mode of agricultural production and operation
towards the goals of environmental friendliness, resource conservation.

In order to address food security, biological security and other issues, all
countries in the world put a high value on the research of agricultural science.
China now has established a complete agricultural science system and a platform
for agricultural science research. Besides, the number of agricultural professionals
is also expanding. Chinese scientists have produced a great many major basic

research achievements with significant global influence in fields such as the research
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on genetics and breeding of rice and other crops, the mechanism of biological
pest clustering disasters, the mechanism of horticultural product flavor formation,
the technical system for increasing the yield and efficiency of agricultural green
products, the adaptability of livestock and poultry genetic resources to the
environment, and the mechanism of cross-species transmission of avian influenza
viruses. A number of new plant varieties, technologies and products have been
developed through research in crop science, horticulture, plant protection, plant
nutrition, forestry, food science and other fields. With the development of animal
husbandry, veterinary science and fishery science, new species of livestock,
poultry and aquatic products and a variety of important new vaccines have been
produced. Those achievements have contributed greatly to the stable increase in
agricultural output, life quality improvement and ecological environment protection
in China. However, it should also be noted that there is certain gap between China’s
agricultural science research and the international advanced level in the United
States and Europe. It is mainly reflected in the unbalanced development among
different sectors and different research objects, the imbalance of research forces in
different fields, the lack of international cooperation and major exchanges dominated
by China, and the lack of major scientific plans led by China. A gap remains
between the major original innovation achievements in agriculture, key technical
results of industrial development and industrial demands, as relevant reserves are
still insufficient. The country’s capacity to support agricultural development and
rural revitalization remains to be strengthened. Other efforts shall be intensified
to promote team building, funds input, platform construction, and the connection
between agricultural science research and industrial development.

The next 5 to 15 years will be a period of strategic opportunity for the
great-leap-forward development of the country’s agricultural science and its
transformation into a leading innovative power in the world. The country’s
development planning of agricultural science in the next 15 years will be focused on
addressing major national strategic needs such as food security, rural revitalization,
seed source security and green agricultural development in order to realize the goals
of high yield, high quality, high efficiency, eco-friendliness and safety. Through
research on the theories and technologies for independent innovation of seed
industry and breeding of excellent varieties, this book will reveal the basic laws

underlying the vital activities of agricultural lives (plants, animals, microorganisms),
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genetic improvement, efficient production, and regulation of high-quality nutritional
traits of agricultural products. In addition, this book will promote the development
of basic research and applied basic research in fields such as independent innovation
of agricultural germplasms, efficient utilization of resources, ecological and
environmental protection, food safety, and biological industry development.

The development mode of agricultural science includes intensification
advantages and characteristics, improving the country’s weaknesses and reinforcing
its strengths in the research of food crops, horticultural plants, livestock,
poultry, aquatic products and other agricultural animals, as well as their genetic
improvement, molecular design and breeding, and regional epidemic control of
agricultural pests; supporting research on food science, subjects related to human
nutrition and health, and the country’s weak links such as agricultural production
response to global changes; encouraging research on frontier domains such as the
molecular mechanism and macro effects of agricultural biological stress resistance
(including resistance to biological and abiotic stress); attaching importance to
interdisciplinary research and techniques innovation, i.e., actively carrying out
interdisciplinary research on smart agriculture fields such as facility agriculture,
precision agriculture and plant factories that intersect with information engineering
science, and developing emerging fields such as agricultural bioinformatics and big
data.

The strategic goals of developing agricultural science include strengthening
applied basic research and original innovation on important scientific issues
arising from the major demands of agricultural productivity improvement and rural
revitalization for the purpose of reaching the world advanced level in agricultural
science; studying major agricultural scientific problems at a deeper level and in a
wider range; improving China’s capacity of independent innovation and addressing
major problems; and providing scientific support for the transformation and
upgrading of agricultural industry and its green and sound development. In doing
s0, it is expected that China will become a leading innovative power in agriculture
by 2035, with its capabilities of original innovation, technological innovation and
integrated innovation ranking among the best in the world.

This study provides a list of priority fields and major interdisciplinary fields
for the development of agricultural science in the next 15 years based on the

research laws, development planning, development strategy and development goals
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of agricultural science. The priority fields include the following aspects. (1)The
theoretical basis of gene discovery and molecular design breeding of important
genetic resources for agricultural living things. Genetic resources are strategic
resources for genetic improvement of agricultural lives. A series of moves will be
taken to provide important technical support for the efforts to satisfy the strategic
needs of agricultural transformation and upgrading and green development,
including fine evaluation of genetic resources for agricultural lives, large-scale
exploration and utilization of excellent allele, aggregation of excellent alleles
through molecular design, creation of new germplasms and cultivation of new
varieties. (2)The biological basis of heterosis for agricultural lives and their new
utilizations. The interpretation of the biological basis for the formation of animal
and plant heterosis and the development of new approaches to utilize heterosis and a
new breeding system with fixed heterosis will contribute more to the ensuring meat
and grain safety in China. (3)The basis and regulation of high-quality, high-yield
and high-efficiency cultivation/feeding of major agricultural lives. As a core task
to adapt to the demands for green and safe production in the new era and to ensure
food safety in China on a continuous basis, China will conduct multi-objective
systematic research on the yield and quality, resource efficiency, adaptability and
production safety of agricultural lives. (4)The mechanism of crop resistance to
abiotic stress and efficient utilization of nutrients. Efforts to strengthen the research
on the biological mechanism of abiotic stress resistance and nutrient efficient
utilization of crops, and to reveal their genetic, physiological and cultural regulation
mechanism are of great significance for achieving high-quality, high-yield, high-
efficiency and sustainable crop production. (5)Crop pests and disaster occurrence
mechanism. As the adjustment of crop planting structure has a direct impact on the
host source and habitat conditions of pests, an explanation of the evolution process
and disaster mechanism of crop pests in such process is of important scientific value
and practical significance to effectively control pests and promote green and efficient
crop production. (6)The biological basis for the formation of yield and quality
traits of agricultural animal products. In order to ensure food security and improve
national nutrition, it is essential to intensify efforts to discover the regulatory genes,
synthesis pattern of main substances and important regulatory molecules for the
formation of different varieties of meat, eggs and milk, and to analyze the biological

basis for the formation of animal product yield and quality traits. (7)The occurrence,
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transmission and control of major agricultural animal diseases. China is still
severely impacted and restricted by important animal epidemics and zoonosis in the
sound development of its livestock and poultry industry as well as food safety and
human health. The research on the occurrence, transmission and control of major
agricultural animal epidemics will provide theoretical and technical support for the
design of vaccines, diagnosis and drugs as well as the generation of prevention and
control strategies for important epidemics. (8)The mechanism and regulation of food
flavor, nutrition and safety. China will conduct research on food flavor, nutrition
and safety issues as an important move to meet the interior requirements of food
quality and safeguard residents’ health. (9)The mechanism of organ formation and
development of horticultural crops. Due to the particularities of organ formation and
development of horticultural crops, the analysis of their laws from the perspective
of gene levels will provide insights into plant developmental biology and promote
the cultivation of excellent horticultural crop varieties with independent intellectual
property rights. (10)The mechanism for the formation and improvement of forest
quality functions and the biological basis of forest product regulation. To facilitate
forestry development in China, a number of major technological demands shall be
addressed, including cultivating new varieties of high-quality forest trees, building a
theoretical and technical system for precise improvement of forest quality functions,
deepening the multi-scale interaction and control mechanism of forest products,
improving forest quality functions and increasing the full quality utilization of forest
products. (11)Basic biological research on the development of high-quality and safe
grass products and efficient livestock transformation and utilization. The production
of high-quality and safe forage products is essential for the sound development of
modern herbivorous livestock industry. In order to promote the development of
modern herbivorous animal husbandry and grass industry, it is of great strategic
significance to study the development of high-quality and safe forage products and
efficient livestock transformation and utilization. (12)The biological basis of quality
variation of fruits, vegetables and fresh food during storage and preservation.
An understanding of the aging and quality maintenance/deterioration mechanism
of fresh agricultural products during storage and transportation is the premise to
ensure their efficient storage and retain freshness, which will contribute to the
upgrading of fruit and vegetable, grain, livestock and poultry, aquatic products and

other industries, ensure food safety, improve industry competitiveness and promote
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sustainable development.

The major interdisciplinary fields include the following four aspects. (1)The basic
theory and technological innovation of big data-based agricultural bioinformatics
and smart agriculture. Big data and smart agriculture are important frontiers of
agricultural science. A series of measures can be taken in these fields to transform
traditional agriculture and increase the country’s international competitiveness of
agricultural science and technology, including strengthening research on big data
biology (e.g., agricultural genomics) and IT-based smart agriculture, promoting the
development of modern facility agriculture, precision agriculture, plant factories
and smart farming, and increasing the efficiency of agricultural industry. (2)The
eco-environmental interaction mechanism and functional regulation of agricultural,
forestry and grass production systems. The increasing environmental pressure on
the agricultural ecosystem has resulted in increasingly prominent ecological and
environmental problems in agricultural production. Thus, it is necessary to study
the key and essential issues impacting the environmental ecological interaction
and functional regulation of the agricultural production systems, which will
provide theoretical basis and technical support for the sustainable development
of agricultural ecosystem and the improvement of ecological service functions.
(3)Research on the eco-environmental effect and regulation mechanism of marine
ranching. As an industry integrating functions of environmental protection, resource
conservation and sustainable fishery output, marine ranching plays an important
role in promoting the transformation and upgrading of the fishery industry and the
integration of the three major agricultural industries. The interdisciplinary research
on the ecological environmental effect and regulation mechanism of marine ranching
will support the high-quality development of the country’s modern marine ranching
industry, which will be of great significance to marine ecological civilization
construction and the implementation of the strategy of building maritime power.
(4)Green production of high-quality agricultural animal products and human health.
China is dedicated to making breakthroughs in the research on the relationship
between animal genetics breeding, nutrition and production of high-quality livestock
products, and human health. This is also the common aspiration and goal of shifting
from the pursuit of quantity-oriented animal industry and aquatic products industries
to quality-oriented industries that aim at enhancing human health.

The international cooperation on agricultural science plays an important

XXiv



Abstract

part in agricultural science and technology innovations. This study proposes to
intensify international cooperation in the following key fields of agricultural
science in the next 15 years. (1)Research and evaluation of agricultural biological
resources in countries along the “Belt and Road”. Concerted efforts will be made
to establish agricultural biological resources and data platforms in countries along
the “Belt and Road” to promote sustainable development of global agriculture.
(2)Research on the disaster mechanisms and monitoring technologies of major
cross-border diseases and pests of agricultural living things. In order to effectively
control the major diseases and pests of agricultural living things, this book will
conduct research on the relationship between diverse climate conditions, various
agricultural management systems, planting and breeding methods and cross-
border pests and diseases in different countries. (3)Establishment, application
and evaluation of the global transmission and molecular traceability network
of food-borne pathogenic microorganisms. Facing the global spread of food-
borne pathogenic microorganisms, we need to establish a global transmission and
molecular traceability network as an important move to ensure food safety and
immediate response to the outbreaks of food-borne pathogenic microorganisms.
(4)Response of agricultural lives to global climate changes. Global climate changes
have become common challenges for human survival and development as they
directly affect the production, quality and security of agricultural lives, regulate the
population relationship between crops and pests, and impact global food security

and ecological security.
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