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Flavonoids Of The Sunflower Family Asteraceae
The surfactants are among the materials that have a significant importance in everyday
life of human. The rapid growth in science and technology has opened new horizons in
a very wide range, in which the surfactants play a major and vital role. Hence, the
increasing number of applications as well as arising environmental issues has made
this relatively old topic still a hot research theme. In the first section of this book, some
of the applications of surfactants in various fields such as biology and petroleum
industry, as well as their environmental effects, are described. In Section 2 some
experimental techniques used for characterization of the surfactants have been
discussed.
Knowledge of downy mildew pathogens and diseases has increased significantly in
taxonomy, phylogeny, genetics, molecular biology, host-parasite interactions, ecology,
epidemiology and control. The opportunity to update comprehensively the major
advances in these areas was created by the 2nd International Symposium on Downy
Mildews held in July 2007 at Olomouc (Czech Republic). Keynote contributions from
this meeting are published here in 14 chapters that provide the most authoritative and
recent analysis of these biotrophic plant pathogens and their interactions with plants. It
will be an invaluable resource to students and researchers in plant pathology,
mycology, taxonomy, plant biology and crop protection.
The Mojave Desert eco-region extends from eastern California to northwestern Arizona,
southern Nevada, and southwestern Utah, and boasts plant communities as diverse as
alkali sinks, dune systems, Joshua tree woodland, pinyon juniper woodland, mixed
mojave scrub, and even riparian woodland. This fully updated and revised edition will
be appreciated not only by amateur wildflower enthusiasts, but experts will also find the
detailed photographs and charts useful in distinguishing among similar species in
difficult groups. Species are arranged by color and plant family for easy identification.
This guide features 300 of the common species, full-color photographs (many brand
new to this edition), detailed descriptions, information on bloom season, and interesting
facts about each plant.
Advances in Food and Nutrition Research recognizes the integral relationship between
the food and nutritional sciences and brings together outstanding and comprehensive
reviews that highlight this relationship. Contributions detail scientific developments in
the broad areas of food science and nutrition and are intended to provide those in
academia and industry with the latest information on emerging research in these
constantly evolving sciences. *The latest important information for food scientists and
nutritionists *Peer-reviewed articles by a panel of respected scientists *The go-to series
since 1948
Flavonoids of the Sunflower Family (Asteraceae)Springer Science & Business Media
This unique book is a collaborative effort between researchers at Rutgers University
and colleagues from numerous institutions in Uzbekistan and Kyrgyzstan. It will be the
first book to document more than 200 of the most important medicinal plants of Central
Asia, many whose medicinal uses and activities are being described in English for the
first time. The majority of the plants described grow wild in Central Asia with some
being endemic, while other species have been introduced to Central Asia but are
commonly used in regional plant based medicine. The book contains four introductory
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chapters. The first and second chapters cover the geography, climate and vegetation of
Kyrgyzstan and Uzbekistan, respectively. The third chapter provides a brief history of
medicinal plant use and science in Central Asia and the fourth chapter contains general
information about phytochemistry. The fifth chapter comprises the bulk of the book and
covers 208 medicinal plant species. Nearly all species have one or more high quality,
color photographs. Three useful appendices have been included. The first is a glossary
of botanical and ecological terms, the second is a glossary of chemistry terms and the
third is a glossary of medical terms. During the preparation of this manuscript we found
there to be a deficiency in quality reference resources for the translation of many of the
technical terms associated with the different branches of science covered in this book.
In order to make our job easier we compiled glossaries over the course of preparing the
manuscript and have included them feeling that they will be an extremely valuable
resource for readers. ?
"This spectacular book does full justice to the Compositae (Asteraceae), the largest and most
successful flowering plant family with some 1700 genera and 24,000 species. It is an
indispensable reference, providing the most up-to-date hypotheses of phylogenetic
relationships in the family based on molecular and morphological characters, along with the
corresponding subfamilial and tribal classification. The 2009 work not only integrates the
extensive molecular phylogenetic analyses conducted in the last 25 years, but also uses these
to produce a metatree for about 900 taxa of Compositae. The book contains 44 chapters,
contributed by 80 authors, covering the history, economic importance, character variation, and
systematic and phylogenetic diversity of the family. The emphasis of this work is phylogenetic;
its chapters provide a detailed, current, and thoroughly documented presentation of the major
(and not so major) clades in the family, citing some 2632 references. Like the Compositae, the
book is massive, diverse, and fascinating. It is beautifully illustrated, with 170 figures, and an
additional 108 cladograms (all consistently color-coded, based on the geographic range of the
included taxa); within these figures are displayed 443 color photographs, clearly demonstrating
the amazing array of floral and vegetative form expressed by members of the clade." --NHBS
Environment Bookstore.
Drug discovery is an expensive, time-consuming process and the modern drug discovery
community is constantly challenged not only with discovering novel bioactive agents to combat
resistance from known diseases and fight against new ones, but to do so in a way that is
economically effective. Advances in both experimental and theoretical/computational methods
envisage that the greatest challenges in drug discovery can be most successfully addressed
by using a multi-scale approach, drawing on the specialties of a whole host of different
disciplines. Multi-Scale Approaches to Drug Discovery furnishes chemists with the detail they
need to identify drug leads with the highest potential before isolating and synthesizing them to
produce effective drugs with greater swiftness than classical methods may allow. This
significantly speeds up the search for more efficient therapeutic agents. After an introduction to
multi-scale approaches outlining the need for and benefits of their use, the book goes on to
explore a range of useful techniques and research areas, and their potential applications to this
process. Profiling drug binding by thermodynamics, machine learning for predicting enzyme
sub-classes, and multitasking models for computer-aided design and virtual compound
screening are discussed, before the book goes on to review Alkaloid Menispermaceae leads,
natural chemotherapeutic agents and methods for speeding up the design and virtual
screening of therapeutic peptides. Flavonoids as multi-target compounds are then explored,
before the book concludes with a review of Quasi-SMILES as a novel tool. Collecting together
reviews and original research contributions written by leading experts in the field, Multi-Scale
Approaches to Drug Discovery highlights cutting-edge approaches and practical examples of
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their implementation for those involved in the drug discovery process at many different levels.
Using the combined knowledge of medicinal, computational, pharmaceutical and bio- chemists,
it aims to support growth in the multi-scale approach to promote greater success in the
development of new drugs. Offers practical guidance on ways to implement multiscale
approaches for increased efficiency in drug discovery Draws on the experience of a highly
skilled team of authors under the editorial guidance of one of the field's leading experts
Includes cutting-edge techniques at the forefront of medicinal chemistry and drug discovery
optimization
Flavonoids are abundant secondary metabolites found in plants and fungi that have various
roles in these organisms, including pigmentation, cell signalling, plant defence and interorganism communication. Due to their abundance in nature, flavonoids are also important
components of the human diet, and the last four decades have seen an intense study focused
on the structure characterization of flavonoids and on their roles in mammal metabolism. This
book reviews most of the well-established activities of flavonoids, and we also present more
recent research studies on the area of flavonoids, including the chemical aspects of structure
characterization of flavonoids, the biosynthesis of flavonoids in model plants as well as their
role in abiotic stress situations and in agriculture, the role of flavonoids in metabolism and
health and their importance in foods, from consumption to their use as bioactive components.
For hundreds of years cannabis has been used as a therapeutic medicine around the world.
Cannabis was an accepted medicine during the second half of the 19th century, but its use
declined because single agent pain medications were advocated by physicians who demanded
standardization of medicines. It was not until 1964 when the chemical structure of THC (delta
9-tetrahydrocannabinol) was elucidated and its pharmacological effects began to be
understood. Numerous therapeutic effects of cannabis have been reviewed, but cannabisbased medicines are still an enigma because of legal issues. Many patients could benefit from
cannabinoids, terpenoids and flavonoids found in Cannabis sativa L. These patients suffer
from medical conditions including chronic pain, chronic inflammatory diseases, neurological
disorders, and other debilitating illnesses. As more states are legalizing medical cannabis,
prescribers need a reliable source which provides clinical information in a succinct format. This
book focuses on the science of cannabis as an antioxidant and anti-inflammatory supplement.
It discusses cannabis uses in the human body for bone health/osteoporosis; brain injury and
trauma; cancer; diabetes; gastrointestinal conditions; mental health disorders; insomnia; pain;
anxiety disorders; depression; migraines; eye disorders; and arthritis and inflammation. There
is emphasis on using the whole plant — from root to raw leaves and flowers discussing strains,
extraction and analysis, and use of cannabis-infused edibles. Features: Provides an
understanding of the botanical and biochemistry behind cannabis as well as its use as a
dietary supplement. Discusses endocannabinoid system and cannabinoid receptors. Includes
information on antioxidant benefits, pain receptors using cannabinoids, and dosage guidelines.
Presents research on cannabis treatment plans, drug-cannabis interactions and dosing issues,
cannabis vapes, edibles, creams, and suppositories. Multiple appendices including a glossary
of cannabis vocabulary, how to use cannabis products, a patient guide and recipes as well as
information on cannabis for pets.
Early anthropological evidence for plant use as medicine is 60,000 years old as reported from
the Neanderthal grave in Iraq. The importance of plants as medicine is further supported by
archeological evidence from Asia and the Middle East. Today, around 1.4 billion people in
South Asia alone have no access to modern health care, and rely instead on traditional
medicine to alleviate various symptoms. On a global basis, approximately 50 to 80 thousand
plant species are used either natively or as pharmaceutical derivatives for life-threatening
conditions that include diabetes, hypertension and cancers. As the demand for plant-based
medicine rises, there is an unmet need to investigate the quality, safety and efficacy of these
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herbals by the “scientific methods”. Current research on drug discovery from medicinal plants
involves a multifaceted approach combining botanical, phytochemical, analytical, and
molecular techniques. For instance, high throughput robotic screens have been developed by
industry; it is now possible to carry out 50,000 tests per day in the search for compounds which
act on a key enzyme or a subset of receptors. This and other bioassays thus offer hope that
one may eventually identify compounds for treating a variety of diseases or conditions.
However, drug development from natural products is not without its problems. Frequent
challenges encountered include the procurement of raw materials, the selection and
implementation of appropriate high-throughput bioassays, and the scaling-up of preparative
procedures. Research scientists should therefore arm themselves with the right tools and
knowledge in order to harness the vast potentials of plant-based therapeutics. The main
objective of Plant and Human Health is to serve as a comprehensive guide for this endeavor.
Volume 1 highlights how humans from specific areas or cultures use indigenous plants.
Despite technological developments, herbal drugs still occupy a preferential place in a majority
of the population in the third world and have slowly taken roots as alternative medicine in the
West. The integration of modern science with traditional uses of herbal drugs is important for
our understanding of this ethnobotanical relationship. Volume 2 deals with the phytochemical
and molecular characterization of herbal medicine. Specifically, It will focus on the secondary
metabolic compounds which afford protection against diseases. Lastly, Volume 3 focuses on
the physiological mechanisms by which the active ingredients of medicinal plants serve to
improve human health. Together this three-volume collection intends to bridge the gap for
herbalists, traditional and modern medical practitioners, and students and researchers in
botany and horticulture.
All around us there are wild plants good for food, medicine, clothing, and shelter, but most of
us don't know how to identify or use them. Delena Tull amply supplies that knowledge in this
book, one of the first focused specifically on plants that grow in Texas and surrounding regions
of the South and Southwest. Extensively illustrated with black-and-white drawings and color
photos, this book includes the following special features: Recipes for foods made from edible
wild plants. Wild teas and spices. Wild plant dyes, with instructions for preparing the plants and
dying wool, cotton, and other materials. Instructions for preparing fibers for use in making
baskets, textiles, and paper. Information on wild plants used for making rubber, wax, oil, and
soap. Information on medicinal uses of plants. An identification guide to hay fever plants and
plants that cause rashes. Instructions for distinguishing edible from poisonous berries. Detailed
information on poisonous plants, including poison ivy, oak, and sumac, as well as herbal
treatments for their rashes.

* This book is designed for the use of the advanced student and professional worker
interested in the international scientific community, particularly those in the fields of
agronomy, agricultural sciences, botany, biological sciences, natural products
chemistry, pharmaceutical chemistry and bio chemistry. The purpose is to inform the
reader about significant advances in the biology and metabolism of alkaloids in plants.
Since alkaloids are generally referred to as "secondary metabolites," the reactions
discussed are not, for the most part, involved with the main metabolic pathways. The
reactions that we are interested in are pathways that have been developed for the
formation of these secondary metabolites, using as their starting mole cules one of the
compounds produced via a main or primary metabolic path way. The primary metabolic
pathways are common to all plants, indeed to most living organisms, whereas the
highly specialized branches leading to alkaloid formation are found in only about 10 to
20 % of the known plants. The reason for these diversities in plant metabolism is not
clear; however, it seems likely that the formation of highly individualized and specialized
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pathways resulted as a response to the pressure of natural selection. Nevertheless, the
genetic peculiarity that controls alkaloid production has provided many extremely
interesting problems for scientists and consti tutes convincing evidence of nature's
superior ability in biochemistry.
Advances in the flavonoid field have been nothing short of spectacular over the last 20
years. While the medical field has noticed flavonoids for their potential antioxidant,
anticancer and cardioprotectant characteristics, growers and processors in plant
sciences have utilized flavonoid biosynthesis and the genetic manipulation of the
flavonoid pa
Global dietary recommendations emphasize the consumption of plant-based foods for
the prevention and management of chronic diseases. Plants contain many biologically
active compounds referred to as phytochemicals or functional ingredients. These
compounds play an important role in human health. Prior to establishing the safety and
health benefits of these compounds, they must first be isolated, purified, and their
physico-chemical properties established. Once identified, their mechanisms of actions
are studied. The chapters are arranged in the order from isolation, purification and
identification to in vivo and clinical studies, there by covering not only the analytical
procedures used but also their nutraceutical and therapeutic properties.
Artemisinin, a sesquiterpene lactone originally extracted from the medicinal plant
Artemisia annua L., is an effective antimalarial agent, particularly for multi-drug resistant
and cerebral malaria. However, the concentration of artemisinin in the plant is very low.
Because the chemical synthesis of artemisinin is complicated and not economically
feasible in view of the poor yield of the drug, the intact plant remains the only viable
source of artemisinin production. Therefore, it is necessary to increase the
concentration of artemisinin in A. annua to reduce the cost of artemisinin based
antimalarial drugs. Plant scientists have focused their efforts on A. annua for a higher
artemisinin crop yield. With the present volume, we are bringing together the research
which is being done on this plant throughout the world and future possibilities for
scientists and researchers who want to work on it.
Armen Takhtajan is among the greatest authorities in the world on the evolution of
plants. This book culminates almost sixty years of the scientist's research of the origin
and classification of the flowering plants. It presents a continuation of Dr. Takhtajan’s
earlier publications including “Systema Magnoliophytorum” (1987), (in Russian), and
“Diversity and Classification of Flowering Plants” (1997), (in English). In his latest
book, the author presents a concise and significantly revised system of plant
classification (‘Takhtajan system’) based on the most recent studies in plant
morphology, embryology, phytochemistry, cytology, molecular biology and palynology.
Flowering plants are divided into two classes: class Magnoliopsida (or Dicotyledons)
includes 8 subclasses, 126 orders, c. 440 families, almost 10,500 genera, and no less
than 195,000 species; and class Liliopsida (or Monocotyledons) includes 4 subclasses,
31 orders, 120 families, more than 3,000 genera, and about 65,000 species.This book
contains a detailed description of plant orders, and descriptive keys to plant families
providing characteristic features of the families and their differences.
Bringing together results from over 30 years of research on the Juan Fernández
Archipelago off the coast of Chile, this book offers comprehensive coverage of the
plants of these special islands. Despite its remote setting in the southeastern Pacific
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Ocean, the Juan Fernández Archipelago is in many ways an ideal place to ask and
attempt to answer basic questions regarding the evolution of vascular plants in an
oceanic island environment. By building upon a firm taxonomic base for the flora, a new
level of understanding regarding evolution, biogeography, and conservation of the
plants is presented. This book is an extensive investigation of the origin and evolution
of the flora of an oceanic archipelago, and it serves as a valuable resource for
researchers and scholars of island biology as well as for conservation biologists
worldwide.
The field of plant taxonomy has transformed rapidly over the past fifteen years, especially with
regard to improvements in cladistic analysis and the use of new molecular data. The second
edition of this popular resource reflects these far-reaching and dramatic developments with
more than 3,000 new references and many new figures. Synthesizing current research and
trends, Plant Taxonomy now provides the most up-to-date overview in relation to monographic,
biodiversity, and evolutionary studies, and continues to be an essential resource for students
and scholars. This text is divided into two parts: Part 1 explains the principles of taxonomy,
including the importance of systematics, characters, concepts of categories, and different
approaches to biological classification. Part 2 outlines the different types of data used in plant
taxonomic studies with suggestions on their efficacy and modes of presentation and
evaluation. This section also lists the equipment and financial resources required for gathering
each type of data. References throughout the book illuminate the historical development of
taxonomic terminology and philosophy while citations offer further study. Plant Taxonomy is
also a personal story of what it means to be a practicing taxonomist and to view these activities
within a meaningful conceptual framework. Tod F. Stuessy recalls the progression of his own
work and shares his belief that the most creative taxonomy is done by those who have a strong
conceptual grasp of their own research.
Throughout most of history, medicinal plants and their active metabolites have represented a
valuable source of compounds used to prevent and to cure several diseases. Interest in natural
compounds is still high as they represent a source of novel biologically/pharmacologically
active compounds. Due to their high structural diversity and complexity, they are interesting
structural scaffolds that can offer promising candidates for the study of new drugs, functional
foods, and food additives. Plant extracts are a highly complex mixture of compounds and
qualitative and quantitative analyses are necessary to ensure their quality. Furthermore,
greener methods of extraction and analysis are needed today. This book is based on articles
submitted for publication in the Special Issue entitled “Qualitative and Quantitative Analysis of
Bioactive Natural Products” that collected original research and reviews on these topics.
This book provides an overview of geographic patterns in the distribution of plant secondary
metabolites in natural populations. It covers examples within continents, after the ice,
intercontinental disjunctions, oceanic islands, and polar disjunctions.
Medicinal Herbs of California is the first statewide field guide to more than 70 common
medicinal plants of California. This vital addition to the California naturalist’s shelf will
introduce readers to the principles of herbal remedies, history and roots in native cultures,
scientific information, and how to find and incorporate medicinal plants into daily life. Inside
you’ll find: Photos and descriptions to help with positive identification Common and scientific
names and the plant families Conservation status Modern and traditional uses The science
behind natural phytochemicals that have earned these plants a place in Native American
medicine for thousands of years.
Plants produce a vast number of bioactive compounds with different chemical scaffolds, which
modulate a diverse range of molecular targets and are used as drugs for treating numerous
diseases. Most present-day medicines are derived either from plant compounds or their
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derivatives, and plant compounds continue to offer limitless reserves for the discovery of new
medicines. While different classes of plant compounds, like phenolics, flavonoids, saponins
and alkaloids, and their potential pharmacological applications are currently being explored,
their curative mechanisms are yet to be understood in detail. This book is divided into 2
volumes and offers detailed information on plant-derived bioactive compounds, including
recent research findings. Volume 1, “Plant-derived Bioactives: Chemistry and Mode of Action”
discusses the chemistry of highly valued plant bioactive compounds and their mode of actions
at the molecular level. Volume 2, “Plant-derived Bioactives: Production, Properties and
Therapeutic Applications” explores the sources, biosynthesis, production, biological properties
and therapeutic applications of plant bioactives. Given their scope, these books are valuable
resources for members of the scientific community wishing to further explore various medicinal
plants and the therapeutic applications of their bioactive compounds. They appeal to scholars,
teachers and scientists involved in plant product research, and facilitate the development of
new drugs.
In this fifth edition of Jack Jie Li's seminal "Name Reactions", the author has added twentyseven new name reactions to reflect the recent advances in organic chemistry. As in previous
editions, each reaction is delineated by its detailed step-by-step, electron-pushing mechanism
and supplemented with the original and the latest references, especially from review articles.
Now with addition of many synthetic applications, this book is not only an indispensable
resource for advanced undergraduate and graduate students, but is also a good reference
book for all organic chemists in both industry and academia. Unlike other books on name
reactions in organic chemistry, Name Reactions, A Collection of Detailed Reaction
Mechanisms and Synthetic Applications focuses on the reaction mechanisms. It covers over
320 classical as well as contemporary name reactions.

Offering a wide ranging view of this important class of plant pigments, after a brief
examination of the history & literature of flavonoids, this book explores structural
variation of all subclasses of flavonoids, techniques for isolation, purification, &
determination of structures, chemical syntheses, biosynthesis & genetics, patterns of
distribution in the plant kingdom, & uses. Lastly, the functions of flavonoids in nature
are investigated, as well as ways in which these compounds may have a more direct
impact upon the human race. Contents: Introduction & Historical Perspective *
Structural Variation * Occurrence & Distribution of Flavonoids * Extraction, Purification,
& Identification of Flavonoids * Synthesis & Interconversions of Flavonoids *
Biosynthesis & Genetics * Flavonoid Functions in Nature * Human Uses of Flavonoids
Flavonoids are secondary plant products that have previously been shown to be helpful
in determining relationships among plant groups. This work presents comprehensively
the occurrence, patterns of variation, and systematic and evolutionary importance of
flavonoids in the sunflower family (Asteraceae), the largest family of flowering plants
(23,000 species). It gathers together the more than 2500 reports of flavonoids in
Asteraceae published between 1950 to the present and interprets these data in context
of new taxonomic (especially generic) alignments. The authors discuss flavonoid
patterns with reference to modern phylogenetic studies based on morphology and DNA
data. This book provides, therefore, the most exhaustive synthesis and evaluation of
the systematic and evolutionary import of flavonoids ever accomplished for any large
family of angiosperms.
Natural Products and Drug Discovery: An Integrated Approach provides an applied
overview of the field, from traditional medicinal targets, to cutting-edge molecular
techniques. Natural products have always been of key importance to drug discovery,
Page 7/9

File Type PDF Flavonoids Of The Sunflower Family Asteraceae
but as modern techniques and technologies have allowed researchers to identify,
isolate, extract and synthesize their active compounds in new ways, they are once
again coming to the forefront of drug discovery. Combining the potential of traditional
medicine with the refinement of modern chemical technology, the use of natural
products as the basis for drugs can help in the development of more environmentally
sound, economical, and effective drug discovery processes. Natural Products & Drug
Discovery: An Integrated Approach reflects on the current changes in this field, giving
context to the current shift and using supportive case studies to highlight the challenges
and successes faced by researchers in integrating traditional medicinal sources with
modern chemical technologies. It therefore acts as a useful reference to medicinal
chemists, phytochemists, biochemists, pharma R&D professionals, and drug discovery
students and researchers. Reviews the changing role of natural products in drug
discovery, integrating traditional knowledge with modern molecular technologies
Highlights the potential future role of natural products in preventative medicine
Supported by real world case studies throughout
Covers important name reactions relevant to heterocyclic chemistry The field of
heterocyclic chemistry has long presented a specialchallenge for chemists. Because of
the enormous amount and varietyof information, it is often a difficult topic to cover
forundergraduate and graduate chemistry students, even in simplifiedform. Yet the
chemistry of heterocyclic compounds and methods fortheir synthesis form the bedrock
of modern medicinal chemical andpharmaceutical research. Thus there is a great need
for highquality, up-to-date, and authoritative books on heterocyclicsynthesis helpful to
both the professional research chemist as wellas the advanced student. Name
Reactions in Heterocyclic Chemistry provides aone-stop repository for this important
field of organic chemistry.The primary topics include three- and four-membered
heterocycles,five-membered heterocycles including indoles, furans, thiophenes,and
oxazoles, six-membered heterocycles including quinolines,isoquinolines, and
pyrimidines, and other heterocycles. Each name reaction is summarized in seven
sections: Description Historical perspective Mechanism Variations and improvements
Synthetic utility Experimental References Authored by a team of world-renowned
contributors - some of whomhave discovered the very reactions they describe NameReactions in Heterocyclic Chemistry represents astate-of-the-art resource for
students and researchers alike.
Phenolic compounds as a large class of metabolites found in plants have attracted
attention since long time ago due to their properties and the hope that they will show
beneficial health effects when taken as dietary supplements. This book presents the
state of the art of some of the natural sources of phenolic compounds, for example,
medicinal plants, grapes or blue maize, as well as the modern methods of extraction,
quantification, and identification, and there is a special section discussing the treatment,
removal, and degradation of phenols, an important issue in those phenols derived from
the pharmaceutical or petrochemical industries.
This volume contains a complete systematic treatment of the flowering plant order
Asterales. This comprises 12 families with approx. 1,720 genera and about 26,300
species. Identification keys are provided for all genera, and likely phylogenetic
relationships are discussed extensively. The wealth of information contained in this
volume makes it an indispensable source for all working in the fields of pure and
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applied plant sciences.
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