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Mineral Nutrition Of Higher Plants
An understanding of the mineral nutrition of plants is
of fundamental importance in both basic and applied
botany. Progress has been made towards a better
understanding of the uptake and function of these
nutrients in plants and the effects of the fertilizer use
in promoting crop yields. The text presents the
principles of mineral nutrition in the light of these
advances.
Over recent years, progress in micropropagation has
not been as rapid as many expected and, even now,
relatively few crops are produced commercially. One
reason for this is that the biology of material growing
in vitro has been insufficiently understood for
modifications to standard methods to be made
based on sound physiological principles. However,
during the past decade, tissue culture companies
and others have invested considerable effort to
reduce the empirical nature of the production
process. The idea of the conference `Physiology,
Growth and Development of Plants and Cells in
Culture' (Lancaster, 1992) was to introduce
specialists in different areas of plant physiology to
micropropagators, with the express aims of
disseminating as wide a range of information to as
large a number of participants as possible, and
beginning new discussions on the constraints and
potentials affecting the development of in vitro plant
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production methods. This book is based on
presentations from the conference and has been
divided into two main sections, dealing with either
aspects of the in vitro environment -- light, nutrients,
water, gas -- or with applied aspects of the culture
process -- morphogenesis, acclimation, rejuvenation,
contamination.
This richly illustrated edition of an established classic
deals with the chemistry and biology of soil nutrient
availability. Provides information regarding the
elements present in soils and the extent to which
these elements can be used by plants in order to
grow. Nutrient uptake by plant roots, rhizosphere
microorganisms and application of the mechanistic
uptake model as well as such elements as
phosphorus, potassium and water are among the
topics discussed.
The burgeoning demand on the world food supply,
coupled with concern over the use of chemical
fertilizers, has led to an accelerated interest in the
practice of precision agriculture. This practice
involves the careful control and monitoring of plant
nutrition to maximize the rate of growth and yield of
crops, as well as their nutritional value.
Respected and known worldwide in the field for his
research in plant nutrition, Dr. Horst Marschner
authored two editions of Mineral Nutrition of Higher
Plants. His research greatly advanced the
understanding of rhizosphere processes and trace
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element uptake by plants and he published
extensively in a variety of plant nutrition areas. While
doing agricultural research in West Africa in 1996,
Dr. Marschner contracted malaria and passed away,
and until now this legacy title went unrevised.
Despite the passage of time, it remains the definitive
reference on plant mineral nutrition. Great progress
has been made in the understanding of various
aspects of plant nutrition and in recent years the
view on the mode of action of mineral nutrients in
plant metabolism and yield formation has shifted.
Nutrients are not only viewed as constituents of plant
compounds (constructing material), enzymes and
electron transport chains but also as signals
regulating plant metabolism via complex signal
transduction networks. In these networks,
phytohormones also play an important role.
Principles of the mode of action of phytohormones
and examples of the interaction of hormones and
mineral nutrients on source and sink strength and
yield formation are discussed in this edition.
Phytohormones have a role as chemical
messengers (internal signals) to coordinate
development and responses to environmental stimuli
at the whole plant level. These and many other
molecular developments are covered in the long-
awaited new edition. Esteemed plant nutrition expert
and Horst Marschner's daughter, Dr. Petra
Marschner, together with a team of key co-authors
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who worked with Horst Marschner on his research,
now present a thoroughly updated and revised third
edition of Marschner's Mineral Nutrition of Higher
Plants, maintaining its value for plant nutritionists
worldwide. A long-awaited revision of the standard
reference on plant mineral nutrition Features full
coverage and new discussions of the latest
molecular advances Contains additional focus on
agro-ecosystems as well as nutrition and quality
Box 9E. 1 Continued FIGURE 2. The C–S–R triangle
model (Grime 1979). The strategies at the three
corners are C, competiti- winning species; S, stress-
tolerating s- cies; R,ruderalspecies. Particular
species can engage in any mixture of these three
primary strategies, and the m- ture is described by
their position within the triangle. comment briefly on
some other dimensions that Grime’s (1977) triangle
(Fig. 2) (see also Sects. 6. 1 are not yet so well
understood. and 6. 3 of Chapter 7 on growth and
allocation) is a two-dimensional scheme. A C—S axis
(Com- tition-winning species to Stress-tolerating spe-
Leaf Economics Spectrum cies) reflects adaptation
to favorable vs. unfavorable sites for plant growth,
and an R- Five traits that are coordinated across
species are axis (Ruderal species) reflects
adaptation to leaf mass per area (LMA), leaf life-
span, leaf N disturbance. concentration, and
potential photosynthesis and dark respiration on a
mass basis. In the five-trait Trait-Dimensions
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space,79%ofallvariation worldwideliesalonga single
main axis (Fig. 33 of Chapter 2A on photo- A recent
trend in plant strategy thinking has synthesis; Wright
et al. 2004). Species with low been trait-dimensions,
that is, spectra of varia- LMA tend to have short leaf
life-spans, high leaf tion with respect to measurable
traits. Compared nutrient concentrations, and high
potential rates of mass-based photosynthesis. These
species with category schemes, such as
Raunkiaer’s, trait occur at the ‘‘quick-return’’ end
of the leaf e- dimensions have the merit of capturing
cont- nomics spectrum.
Plant production in hydroponics and soilless culture
is rapidly expanding throughout the world, raising a
great interest in the scientific community. For the first
time in an authoritative reference book, authors
cover both theoretical and practical aspects of
hydroponics (growing plants without the use of soil).
This reference book covers the state-of-the-art in this
area, while offering a clear view of supplying plants
with nutrients other than soil. Soilless Culture
provides the reader with an understanding of the
properties of the various soiless media and how
these properties affect plant performance in relation
to basic horticultural operations, such as irrigation
and fertilization. This book is ideal for agronomists,
horticulturalists, greenhouse and nursery managers,
extension specialists, and people involved with the
production of plants. * Comprehensive discussion of
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hydroponic systems, irrigation, and control measures
allows readers to achieve optimal performance *
State-of-the-art book on all theoretical aspects of
hydroponics and soilless culture including a thorough
description of the root system, its functions and
limitation posed by restricted root volume * Critical
and updated reviews of current analytical methods
and how to translate their results to irrigation and
fertilization practices * Definitive chapters on
recycled, no-discharge systems including salinity
and nutrition management and pathogen eradication
* Up-to-date description of all important types of
growing media
Over the recent years, medicinal chemistry has
become responsible for explaining interactions of
chemical molecule processes such that many
scientists in the life sciences from agronomy to
medicine are engaged in medicinal research. This
book contains an overview focusing on the research
area of enzyme inhibitor and activator, enzyme-
catalyzed biotransformation, usage of microbial
enzymes, enzymes associated with programmed cell
death, natural products as potential enzyme
inhibitors, protease inhibitors from plants in insect
pest management, peptidases, and renin-
angiotensin system. The book provides an overview
on basic issues and some of the recent
developments in medicinal science and technology.
Especially, emphasis is devoted to both
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experimental and theoretical aspect of modern
medicine. The primary target audience for the book
includes students, researchers, chemists, molecular
biologists, medical doctors, pharmacologists, and
professionals who are interested in associated
areas. The textbook is written by international
scientists with expertise in biochemistry,
enzymology, molecular biology, and genetics, many
of which are active in biochemical and
pharmacological research. I would like to
acknowledge the authors for their contribution to the
book. We hope that the textbook will enhance the
knowledge of scientists in the complexities of some
medical approaches; it will stimulate both
professionals and students to dedicate part of their
future research in understanding relevant
mechanisms and applications of pharmacology.
The chemistry of plant nutrients in soil. The
physiological role of minerals in the plant. Nitrogen
and plant disease. Phosphorus and plant disease.
Potassium and plant disease. Calcium and plant
disease. Magnesium and plant disease. Sulfur and
plant disease. Iron and plant disease. Manganese
and plant disease. Zinc and plant disease. Copper
and plant disease. Chlorine and plant disease.
Molybdenum and plant disease. Boron and plant
disease. Nickel and plant disease. Silicon and plant
disease. Aluminum and plant disease.
This text presents the principles of mineral nutrition
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in the light of current advances. For this second
edition more emphasis has been placed on root
water relations and functions of micronutrients as
well as external and internal factors on root growth
and the root-soil interface.
By the year 2050, the world's population is expected
to reach nine billion. To feed and sustain this
projected population, world food production must
increase by at least 50 percent on much of the same
land that we farm today. To meet this staggering
challenge, scientists must develop the technology
required to achieve an "evergreen" revolution-one
This two-volume book on biomass is a reflection of
the increase in biomass related research and
applications, driven by overall higher interest in
sustainable energy and food sources, by increased
awareness of potentials and pitfalls of using biomass
for energy, by the concerns for food supply and by
multitude of potential biomass uses as a source
material in organic chemistry, bringing in the concept
of bio-refinery. It reflects the trend in broadening of
biomass related research and an increased focus on
second-generation bio-fuels. Its total of 40 chapters
spans over diverse areas of biomass research,
grouped into 9 themes.
During the past decade the biological sciences have
experienced a period of unprecedented progress,
and nowhere is the excitement of this new era more
apparent than in the field of plant physiology.
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Innovations such as the patch clamp are unlocking
the mysteries of membrane transport. Recombinant
DNA techniques are providing new tools for
understanding how light and hormones regulate
gene expression and development.
Introduction and history; The media of plant nutrition;
Inorganic components of plants; Nutrient absorption
by plants; Upward movement of water and nutrients;
Downward movement of food and nutrients; Nitrogen
and sulfur: a tale of two nutrients; Mineral
metabolism; Nutrition and growth; Physiological
genetics and molecular biology; Ecology and
environmental stress; Big picture: past, present,
future.
This volume presents the proceedings of the Second
International Sym posium on Genetic Aspects
ofPlant Minerai Nutrition, held in Madison, Wisconsin
in 1985. The mechanisms by which plants acquire,
transport and utilize essential minerai nutrients are
highly complex. The means by which plants either
exclude or tolerate ions of metals toxic to plants are
equally complex. The first symposium attempted to
convene research scientists con cerned with minerai
nutrition for the purpose of exploring the kinds of
minerai nutrition phenomena identified as being
under genetic contro!. The first symposium also
placed much emphasis on research to which genetic
intervention might be applied. At the second
symposium more papers were presented on genetic
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and breeding research, a long-term objective of the
first symposium. The second symposium also
included biotic interactions under genetic con trol
that either enhanced or impeded ion uptake, e.g.
mycorrhizae and nitrogen fixing bacteria. This
continuing dialogue is essential for a research area
the complexity of which is due to its interdisciplinary
nature.
The first book bearing the title of this volume,
Inorganic Plant Nutrition, was written by D. R.
HOAGLAND of the University of California at
Berkeley. As indicated by its extended title, Lectures
on the Inorganic Nutrition of Plants, it is a collection
of lectures - the JOHN M. PRATHER lectures, which
he was invited in 1942 to give. at Harvard University
and presented there between April 10 and 23 of that
year - 41 years before the publication of the present
volume. They were not "originally intended for
publication" but fortunately HOAGLAND was
persuaded to publish them; the book appeared in
1944. It might at first blush seem inappropriate to
draw comparisons between a book embodying a set
of lectures by a single author and an encyclopedic
volume with no less than 37 contributors. But
HOAGLAND'S book was a compre hensive account
of the state of this science in his time, as the present
volume is for ours. It was then still possible for one
person, at least for a person of HOAGLAND'S
intellectual breadth and catholicity of interests, to
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encompass many major areas of the entire field,
from the soil substrate to the metabolic roles of
nitrogen, potassium, and other nutrients, and from
basic scientific topics to the application of plant
nutritional research in solving problems encountered
in the field.
Part I Nutricional physiology. Ion uptake mechanisms of
individual cells and roots: short distance transport. Long-
distance transport in the xylem and phloem and its regulation.
Uptake and release of mineral elements by leaves and other
aerial plant parts.Yield and the source-sink relationships.
Mineral nutrition and yield response. Nitrogen fixation.
Functions of mineral nutrients: macronutrients. Functions of
mineral nutrients: Micronutrients. Beneficial mineral elements.
Relationshipe between mineral nutrition and plant diseases
and pests. Diagnosis of deficiency and toxicity of mineral
nutrients. Part II Nutrient availability in soils. Effect of internal
and external factors on root growth and development. The
soil-root interface (Rhizosphere) in relation to mineral
nutrition. Adaptation of plants to adverse chemical soil
conditions.
Marschner's Mineral Nutrition of Higher PlantsAcademic
Press
This work powerfully asserts the idea that rather than using
pesticides, the key to helping crops resist attacks from pests
is to improve their strength through natural processes. Many
of industrial agriculture's fundamental principles for fighting
disease, in particular the reliance on pesticides and fertilizers,
are explained and convincingly challenged and a new set of
guiding principles for an ecological agricultural system are
presented as a genuine alternative to the widespread use of
chemicals.
Microbes in Land Use Change Management details the
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various roles of microbial resources in management of land
uses and how the microbes can be used for the source of
income due to their cultivation for the purpose of biomass and
bioenergy production. Using various techniques, the
disturbed and marginal lands may also be restored eco-
friendly in present era to fulfil the feeding needs of mankind
around the globe. Microbes in Land Use Change
Management provides standard and up to date information
towards the land use change management using various
microbial technologies to enhance the productivity of
agriculture. Needless to say that Microbes in Land Use
Change Management also considers the areas including
generation of alternative energy sources, restoration of
degraded and marginal lands, mitigation of global warming
gases and next generation -omics technique etc. Land use
change affects environment conditions and soil microbial
community. Microbial population and its species diversity
have influence in maintaining ecosystem balance. The study
of changes of microbial population provides an idea about the
variation occurring in a specific area and possibilities of
restoration. Meant for a multidisciplinary audience Microbes in
Land Use Change Management shows the need of next-
generation omics technologies to explore microbial diversity.
Describes the role of microbes in generation of alternative
source of energy Gives recent information related to various
microbial technology and their diversified applications
Provides thorough insight in the problems related to
landscape dynamics, restoration of soil, reclamation of lands
mitigation of global warming gases etc. eco-friendly way using
versatility of microbes Includes microbial tools and technology
in reclamation of degraded, disturbed and marginal lands,
mitigation of global warming gases
Like all living things, plants require nutrient elements to grow.
The Plant Nutrition Manual describes the principles that
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determine how plants grow and discusses all the essential
elements necessary for successful crop production. The
nutritional needs of plants that add color and variety to our
visual senses are addressed as well. Altogether, nut
Plant Physiology, Volume III: Inorganic Nutrition of Plants
deals with the inorganic nutrition and metabolism of plants.
The book explores the role of elements, other than carbon,
hydrogen, and oxygen, which are essential to, or used by,
plants in their vital processes. It summarizes the knowledge
about mineral nutrition of plants and presents a philosophy of
plant nutrition in general. This volume is organized into six
chapters and begins with a brief history of mineral nutrition of
plants, as well as the media from which plants draw their
nutrients, such as the soil and artificial culture medium. The
book then discusses the requirements for specific elements,
the symptoms incurred by their deficient supply, and the
evidence that a given element can be considered essential.
The next chapters focus on the inorganic nutrition of
microorganisms, general functions of the essential nutrient
elements, and the biological situations in which elementary
nitrogen is converted to the organic form. The book
concludes by analyzing the soil as a complex biological
system and its implication for the interpretation of the nutrition
of higher plants. This book is a valuable resource for those
interested in plant nutrition and plant physiology.
An understanding of the mineral nutrition of plants is of
fundamental importance in both basic and applied plant
sciences. The Second Edition of this book retains the aim of
the first in presenting the principles of mineral nutrition in the
light of current advances. This volume retains the structure of
the first edition, being divided into two parts: Nutritional
Physiology and Soil-Plant Relationships. In Part I, more
emphasis has been placed on root-shoot interactions, stress
physiology, water relations, and functions of micronutrients. In
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view of the worldwide increasing interest in plant-soil
interactions, Part II has been considerably altered and
extended, particularly on the effects of external and interal
factors on root growth and chapter 15 on the root-soil
interface. The second edition will be invaluable to both
advanced students and researchers. Key Features * Second
Edition of this established text * Structure of the book remains
the same * 50% of the reference and 50% of the figures and
tables have been replaced * Whole of the text has been
revised * Coverage of plant (soil interactions has been
increased considerably)
Mineral Nutrition of Fruit Trees summarizes the state of
knowledge about the mineral nutrition of fruit trees, including
peach and apple trees. The discussions are organized
around six themes: fruit tree mineral nutrition and crop quality;
uptake and transport; effect of soil management and fertilizer
applications on nutrient uptake; direct application of nutrients
to foliage and fruits; prediction of nutrient requirements; and
synthesis. This text consists of 69 chapters and begins with a
section dealing with the effects of nutrition on fruit quality. The
second section explores the mechanisms of nutrient entry to,
and movement within, fruit trees and the means of influencing
the nutrition of both the whole tree and the crop by fertilizers
and management practices, including irrigation and the use of
herbicides. The third section describes methods for predicting
the needs of the tree for establishment, growth, and fruit
quality. The effects of interactions between nutrition and
environment on the mineral composition of fruits are
considered, along with an integrated approach to orchard
nutrition and bitter pit control, the influence of boron
deficiency on fruit quality, and calcium accumulation in apple
fruit. This book will be of interest to scientists working in fields
such as biochemistry, food technology, agriculture,
horticulture, and physiology.
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Sixty years ago at the Waite Agricultural Research
Institute, G. Samuel, a plant pathologist, and C. S.
Piper, a chemist, published their conclusion that the
cause of roadside take-all, a disease of oats, was
manganese deficiency. This report, together with the
concurrent and independent studies of W. M. Carne
in Western Australia were the first records of
manganese deficiency in Australia and came only six
years after McHargue's paper which is generally
accepted as the final proof of the essentiality of this
element. There must have been a few doubts for
some people at the time, however, as the CAB
publication, 'The Minor Elements of the Soil' (1940)
expressed the view that further evidence to this
effect was provided by Samuel and Piper. Their
historic contributions are recognised by the
International Symposium on Manganese in Soils and
Plants as it meets on the site of their early labours to
celebrate the 60th anniversary. This year Australians
also acknowledge 200 years of European settlement
in this country and so the Symposium is both a
Bicentennial and a diamond jubilee event which
recognises the impact of trace elements on
agricultural development in Australia. In a broader
sense, a symposium such as this celebrates, as it
reviews, the efforts of all who over the ages have
contributed to our knowledge of manganese in soils
and plants.
This book summarizes the experimental work
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conducted during a trans-disciplinary research
program conducted for six years by the German
Research Foundation. Each chapter includes
introductory remarks written by internationally
recognized scientists in their research areas.
Contributiing authors representing outstanding
German scientists from such different disciplines as
Physics, Biochemistry, Plant Nutrition, Botany, and
Molecular Biology not only report original research
but also review the state of knowledge in their fields
of research.
The third volume of Sustainable Soil and Land
Management and Climate Change presents a
complete overview of plant soil interactions in a
climate affected by greenhouse gas emissions and
organic carbon. It presents approaches and
managements strategies for the stabilization of soil
organic matter. The latest in the respected Footprints
of Climate Variability on Plant Diversity series, this
book enhances the reader’s knowledge of the
preservation of organic matter through microbial
approaches as well as through soil and plant
interactions. Written by teams of specialist scientists,
it presents research outcomes, practical applications
and future challenges for this important field.
Features: Presents microbial tactics for the
alleviation of potentially toxic elements in agricultural
soils and for reclaiming saline soil. Provides an
overview of scientific investigations into greenhouse
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gas emissions. Outlines priming techniques
developed in response to a changing climate. This
book is written for students of agronomy, soil science
and the environmental sciences as well as
researchers interested in management technologies
to improve soil fertility.
This is the 5th edition of a well-established book
Principles of Plant Nutrition which was first published
in 1978. The same format is maintained as in
previous editions with the primary aim of the authors
to consider major processes in soils and plants that
are of relevance to plant nutrition.This new edition
gives an up-to-date account of the scientific
advances of the subject by making reference to
about 2000 publications. An outstanding feature of
the book, which distinguishes it from others, is its
wide approach encompassing not only basic nutrition
and physiology, but also practical aspects of plant
nutrition involving fertilizer usage and crop
production of direct importance to human nutrition.
Recognizing the international readership of the book,
the authors, as in previous editions, have attempted
to write in a clear concise style of English for the
benefit of the many readers for whom English is not
their mother tongue. The book will be of use to
undergraduates and postgraduates in Agriculture,
Horticulture, Forestry and Ecology as well as those
researching in Plant Nutrition.
From the research results and discussions
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presented in this book it becomes clear that a
profound understanding of the various
interrelationships of the nutritional aspects allows the
implementation of specific management strategies to
improve stability and productivity of forest
ecosystems. In particular the effects of
environmental changes as related to the impacts of
air pollution, global change and land use on nutrient
uptake and cycling processes in forest ecosystems
are dealt with in detail. The book is divided into six
main issues and each topic contains reviews as well
as selected results of recent studies.
The Soil-Root Interface contains the proceedings of
an international symposium held in Oxford, England,
on March 28 to 31, 1978. The first five chapters of
this book contain the majority of papers presented at
the meeting, as well as the descriptions of displayed
posters and films. Abstracts of other contributions
offered by participants but not read at the meeting
form the final chapter. The first five parts cover
topics on nutrient demand and supply at the soil root
interface; physics and chemistry of the interfacial
region; biological activities at the interface; the
interface in relation to environmental stress and
disease; and the interface in relation to soil function
and growth.
Plants are subjected to a variety of abiotic stresses
such as drought, temperature, salinity, air pollution,
heavy metals, UV radiations, etc. To survive under
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these harsh conditions plants are equipped with
different resistance mechanisms which vary from
species to species. Due to the environmental
fluctuations agricultural and horticultural crops are
often exposed to different environmental stresses
leading to decreased yield and problems in the
growth and development of the crops. Drought
stress has been found to decrease the yield to an
alarming rate of some important crops throughout
the globe. During last few decades, lots of
physiological and molecular works have been
conducted under water stress in crop plants. Water
Stress and Crop Plants: A Sustainable Approach
presents an up-to-date in-depth coverage of drought
and flooding stress in plants, including the types,
causes and consequences on plant growth and
development. It discusses the physiobiochemical,
molecular and omic approaches, and responses of
crop plants towards water stress. Topics include
nutritional stress, oxidative stress, hormonal
regulation, transgenic approaches, mitigation of
water stress, approaches to sustainability, and
modern tools and techniques to alleviate the water
stress on crop yields. This practical book offers
pragmatic guidance for scientists and researchers in
plant biology, and agribusinesses and biotechnology
companies dealing with agronomy and environment,
to mitigate the negative effects of stress and improve
yield under stress. The broad coverage also makes
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this a valuable guide enabling students to
understand the physiological, biochemical, and
molecular mechanisms of environmental stress in
plants.
The idea of addressing the problem of the genetic
specificity of mineral nutrition at an international level
arose four years ago in a proposal for this topic to be
included in the program of the II Congress of the
Federation of European Societies for Plant
Physiology (FESPP) as a separate section. The
Organising Committee of the II Congress of FESPP
which was held in Santiago de Compostella in 1980
arranged a special session and it was clearly
successful. A special scientific meeting where the
genetic aspects of plant nutrition in their widest
sense could be presented and discussed
comprehensively appeared to be necessary and that
is how this Symposium came to be organized by the
Serbian Academy of Sciences and Arts. Much
progress has already been achieved in this field, and
bearing in mind the importance of this problem,
particularly at the present moment, it is necessary for
us both to acquaint ourselves with what has been
achieved so far, and even more to direct attention
and effort to the fundamental problems for the future.
The book Potassium - Improvement of Quality in Fruits and
Vegetables Through Hydroponic Nutrient Management
provides useful information regarding potassium nutrition
management in hydroponic cultivation, which will help in
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producing quality horticultural crops. The first few chapters
describe the role of potassium nutrition in plants, its
interaction with other nutrients, its source fertilizers, the role in
postharvest produce qualities, and human nutrition.
Potassium fertilizer management, its metabolism in plants,
and cultivation techniques of fruits and leafy vegetables are
also included in the middle section. The final chapter
illustrates the software development for the calculation of
hydroponic nutrients including potassium for easy
management of cultural solution. As a whole, this book covers
several major aspects on the topic for making it a complete
and useful resource.
This book is devoted to the problem of the interaction
between soil microorganisms and higher plants. The material
presented includes basic information on the structure,
development, variability and classification of bacteria,
actinomycetes and fungi in the light of recent scientific
achievements, as well as information on the importance of
microorganisms in plant nutrition, the role of micro-activities in
the complementary nutrition of plants, the effect of microbes
on the vitamin content of plants, their importance in plant
development and their influence on soil fertility. In addition,
data are given on the importance of antibiotics as a means of
therapy and prevention of diseases in agricultural practice.
The book is designed for the use of microbiologists. plant
physiologists, soil specialists, phytopathologists, mycologists,
agrobilologists, and agronomists. It may also serve as a
textbook for students In biological faculties of universities or
agricultural and forestry institutes.
The third most important cereal crop after wheat and corn,
rice is a staple food for more than half of the world’s
population. This includes regions of high population density
and rapid growth, indicating that rice will continue to be a
major food crop in the next century. Mineral Nutrition of Rice
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brings together a wealth of information on the ecophysiology
and nutrient requirements of rice. Compiling the latest
scientific research, the book explains how to manage
essential nutrients to maximize rice yield. The book examines
15 essential or beneficial nutrients used in irrigated, upland,
and floating rice across a range of geographic regions. For
each mineral, the text details the cycle in the soil–plant
system as well as the mineral’s functions, deficiency
symptoms, uptake in plants, harvest index, and use
efficiency. It then outlines management practices, covering
application methods and timing, adequate rates, the use of
efficient genotypes, and more. The author, an internationally
recognized expert in mineral nutrition for crop plants, also
proposes recommendations for the judicious use of fertilizers
to reduce the cost of crop production and the risk of
environmental pollution. Color photographs help readers
identify nutrient deficiency symptoms and take the necessary
corrective measures. Packed with useful tables and
illustrations, this comprehensive reference guides readers
who want to know how to increase rice yield, reduce
production costs, and avoid environmental pollution from
fertilizers. It offers practical information for those working in
agricultural research fields, in laboratories, and in classrooms
around the world.
Grain crops. Sugar and oilseed crops. Vegetable crops. Fruit
crops. Turfgrass.
Aquaporins are channel proteins that facilitate the diffusion of
water and small uncharged solutes across cellular
membranes. Plant aquaporins form a large family of highly
divergent proteins that are involved in many different
physiological processes. This book will summarize the recent
advances regarding plant aquaporins, their phylogeny,
structure, substrate specificity, mechanisms of regulation and
roles in various important physiological processes related to
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the control of water flow and small solute distribution at the
cell, tissue and plant level in an ever-changing environment.
The elements of plant nutrition. Transport. Aspects of
energetics and the metabolism of individual elements.
Heredity and environment in plant nutrition.
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