Making Everyth""r

Learn to:

»Understand how plants reproduce

» Grasp the structure and function
of plants

Score your highest grade in botany

Rene Fester Kratz, PhD

Author of Molecular & Cell Biology
For Dummies




Botany

DUMMIEB

by René Fester Kratz, PhD
Biology professor, Everett Community College,
Everett, Washington

lﬁ/H)\J »j;il"‘m'

¢
5& :'{J A

WILEY

Wiley Publishing, Inc.



Botany For Dummies®

Published by

Wiley Publishing, Inc.
111 River St.

Hoboken, NJ 07030-5774

www.wiley.com

Copyright © 2011 by Wiley Publishing, Inc., Indianapolis, Indiana
Published by Wiley Publishing, Inc., Indianapolis, Indiana
Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or
by any means, electronic, mechanical, photocopying, recording, scanning or otherwise, except as permit-
ted under Sections 107 or 108 of the 1976 United States Copyright Act, without either the prior written
permission of the Publisher, or authorization through payment of the appropriate per-copy fee to the
Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax (978) 646-8600.
Requests to the Publisher for permission should be addressed to the Permissions Department, John
Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011, fax (201) 748-6008, or online at

http://www.wiley.com/go/permissions.

Trademarks: Wiley, the Wiley Publishing logo, For Dummies, the Dummies Man logo, A Reference for the
Rest of Us!, The Dummies Way, Dummies Daily, The Fun and Easy Way, Dummies.com, Making Everything
Easier, and related trade dress are trademarks or registered trademarks of John Wiley & Sons, Inc. and/
or its affiliates in the United States and other countries, and may not be used without written permission.
All other trademarks are the property of their respective owners. Wiley Publishing, Inc., is not associated
with any product or vendor mentioned in this book.

LIMIT OF LIABILITY/DISCLAIMER OF WARRANTY: THE PUBLISHER AND THE AUTHOR MAKE NO
REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY OR COMPLETENESS OF
THE CONTENTS OF THIS WORK AND SPECIFICALLY DISCLAIM ALL WARRANTIES, INCLUDING WITH-
OUT LIMITATION WARRANTIES OF FITNESS FOR A PARTICULAR PURPOSE. NO WARRANTY MAY BE
CREATED OR EXTENDED BY SALES OR PROMOTIONAL MATERIALS. THE ADVICE AND STRATEGIES
CONTAINED HEREIN MAY NOT BE SUITABLE FOR EVERY SITUATION. THIS WORK IS SOLD WITH THE
UNDERSTANDING THAT THE PUBLISHER IS NOT ENGAGED IN RENDERING LEGAL, ACCOUNTING, OR
OTHER PROFESSIONAL SERVICES. IF PROFESSIONAL ASSISTANCE IS REQUIRED, THE SERVICES OF
A COMPETENT PROFESSIONAL PERSON SHOULD BE SOUGHT. NEITHER THE PUBLISHER NOR THE
AUTHOR SHALL BE LIABLE FOR DAMAGES ARISING HEREFROM. THE FACT THAT AN ORGANIZA-
TION OR WEBSITE IS REFERRED TO IN THIS WORK AS A CITATION AND/OR A POTENTIAL SOURCE
OF FURTHER INFORMATION DOES NOT MEAN THAT THE AUTHOR OR THE PUBLISHER ENDORSES
THE INFORMATION THE ORGANIZATION OR WEBSITE MAY PROVIDE OR RECOMMENDATIONS IT
MAY MAKE. FURTHER, READERS SHOULD BE AWARE THAT INTERNET WEBSITES LISTED IN THIS
WORK MAY HAVE CHANGED OR DISAPPEARED BETWEEN WHEN THIS WORK WAS WRITTEN AND
WHEN IT IS READ.

For general information on our other products and services, please contact our Customer Care
Department within the U.S. at 877-762-2974, outside the U.S. at 317-572-3993, or fax 317-572-4002.

For technical support, please visit www.wiley.com/ techsupport.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may
not be available in electronic books.

Library of Congress Control Number: 2011930301

ISBN 978-1-118-00672-6 (cloth); ISBN 978-1-118-11082-9 (ebk); ISBN 978-1-118-11083-6 (ebk);
ISBN 978-1-118-11084-3 (ebk)

Manufactured in the United States of America
109 8 76 543 21

WILEY




About the Author

René Fester Kratz, Ph.D., grew up near the ocean in Rhode Island. From

a young age, she wanted to be a teacher (because she loved her teachers

at school) and a biologist (because her dad was one). She graduated from
Warwick Veterans Memorial High School and then went on to major in biol-
ogy at Boston University. As she studied biology at BU, René was most inter-
ested by the stories about plants, fungi, and microbes — organisms that are
traditionally studied under the umbrella of botany. After René graduated
with a B.A. in Biology from BU, she worked for two years in the Department
of Botany at the University of Massachusetts in Amherst and then went on
to get an M.S. and Ph.D. in botany from the University of Washington. At UW,
René studied reproductive onset in Acetabularia acetabulum, a marine green
alga that grows as single cells big enough to pick up with your fingers. When
they enter reproduction, the cells of A. acetabulum form a flat disk or cup-
shaped structure at the top, earning the alga the nickname of “The Mermaid’s
Wineglass.”

René currently teaches biology and general science classes at Everett
Community College in Everett, Washington. René spends most of her time
introducing students to the wonders of cells and microbes as she teaches
cellular biology and microbiology, but she’s never forgotten her love of
plants. René also has a strong interest in science education and science lit-
eracy for everyone. As a member of the North Cascades and Olympic Science
Partnership, she helped create inquiry-based science courses for future
teachers that are based on research on human learning. René loves teaching
these courses because they make science accessible for all kinds of people.
In the summer, René enjoys working with K-12 teachers on the improvement
of science education in the public schools. René also enjoys writing about
science and is the author of Molecular & Cell Biology For Dummies, Biology
For Dummies, 2nd Edition, and EZ Microbiology.

René loves living in the Pacific Northwest because she is near the ocean and
her daffodils start blooming in February (when her family back East is still
shoveling snow). She doesn’t mind the rain and thinks the San Juan Islands are
one of the most beautiful places on earth. Her husband, two sons, and two very
bad dogs help her remember what is truly important, and her “sisters” help
keep her sane. René loves to scrapbook, quilt, stitch, garden, and read.



Dedication

To the people who got me excited about plants and fungi: Drs. Gillian Cooper-
Driver, Richard B. Primack, Walt Halperin, Fayla Schwartz, and Elizabeth
VanVolkenburgh. And to my sister, Alyson, who helped me with my first plant
collection when [ was an undergrad.

Author’s Acknowledgments

Thanks to Matt Wagner, of Fresh Books, Inc., for helping me find the oppor-
tunity to write this book. And thanks to all the great people at Wiley who
made it happen: my editor, Kelly Ewing, who was always helpful and upbeat;
the acquisitions editor, Stacy Kennedy, who helped get me started on the
project; Alicia South, who coordinated the art; and Fayla Schwartz, Ph.D.,
and Linda Sigismondi, Ph.D., my technical reviewers. Thanks also to Sheree
Montgomery, the project coordinator, and Kathryn Born, Karl Brandt, and
Mark Pinto, who worked on the art.

A very special thanks to my colleague, Dr. Fayla Schwartz, for reviewing this
book and also for teaching me about the plants of the Pacific Northwest when
we were both graduate students at the University of Washington.

On the home front, thanks to my husband, Dan, for all of his love and sup-
port. To Hueston and Dashiel for once again being patient when Mommy was
glued to her computer.

Thanks to all of my students at Everett Community College for your enthusi-
asm and hard work. You have all inspired me to keep doing what I do. Thanks
also to my Dean, Al Friedman, for letting me teach a reduced load for one
quarter, so I'd have more time to write.



Publisher’s Acknowledgments

We're proud of this book; please send us your comments at http://dummies.custhelp.com.
For other comments, please contact our Customer Care Department within the U.S. at 877-762-2974,
outside the U.S. at 317-572-3993, or fax 317-572-4002.

Some of the people who helped bring this book to market include the following:

Acquisitions, Editorial, and Media Composition Services

Development Project Coordinator: Sheree Montgomery

Project Editor: Kelly Ewing Layout and Graphics: Kim Tabor

Acqilsitions Editor Stacy Rennedy Proofreaders: Jessica Kramer, BIM Indexing &

Assistant Editor: David Lutton Proofreading Services
General Reviewers: Fayla Schwartz, PhD, and Indexer: Cheryl Duksta
Linda Sigismondi, PhD Special Art: Karl Brandt, Mark Pinto
Senior Editorial Manager: Jennifer Ehrlich Special Help
Editorial Supervisor and Reprint Editor: [llustrations by Kathryn Born, M.A.

Carmen Krikorian
Editorial Assistant: Rachelle S. Amick
Art Coordinator: Alicia B. South

Cover Photos: (Front cover) © iStockphoto.com/
Andres Peiro Palmer; (Back cover)
© iStockphoto.com/Oliver Sun Kim,
© iStockphoto.com/Natalia Kuzmina
Cartoons: Rich Tennant
(www . the5thwave . com)

Publishing and Editorial for Consumer Dummies
Kathleen Nebenhaus, Vice President and Executive Publisher
Kristin Ferguson-Wagstaffe, Product Development Director
Ensley Eikenburg, Associate Publisher, Travel
Kelly Regan, Editorial Director, Travel

Publishing for Technology Dummies
Andy Cummings, Vice President and Publisher

Composition Services

Debbie Stailey, Director of Composition Services



Contents at a Glance

JOEPOAUCTION eneeeeeeeeeeeeeeneeeenaeenneeenaeennseennneeanceennsennnaes |

Part I: Plant BasicCs .............u.ceeeueeceeeaccecenncacennnaceeancaeeas I

Chapter 1: EXPIOTINgG BOtany s issammssssscsesiossasnsansisssssssassvssssssesiossesssssessisasassesnsso 7
Chapter 2; Peering at Plant Cells s uuieimmisasisissiosnisiosssusisassasssosssassssassisesissassss 13
Chapter 3: Identifying PIant TISSMES s susisssoassssssssirsssmssssnesnsssnnosssssamsnsassasnsossssssosss 43
Chapter 4: Vegetative Structures: Stems, Roots, and Leaves .........c..c.cccccceevencnnee. 57

Chapter 5: Reproductive Structures: Spores, Seeds, Cones, Flowers, and Fruits ... 81

Part II: The Living Plant: Plant Physiology.................. 99

Chapter 6: Metabolism: How Living Things Get Energy and Matter....................... 101
Chapter 7: Photosynthesis: Making Sugar from Scratch .........c.cccocevcniiiiniinnenen. 109
Chapter 8: Cellular Respiration: Making Your Cake and Eating It, Too................... 131
Chapter 9: Moving Materials Through Plants .........ccccceeoeeinninrnennnsncccneenceeeenee. 147
Chapter 10: Regulating Plant Growth and Development ..........ccccccceeevenieneenennncnnne. 163

Part I1I: Making More Plants: Plant
Reproduction and Genetics ...............cccccceeeeeeeeeeeaaennas 179

Chapter 11: Greening the Earth: Plant Reproduction ..........cccccccevveniiniiniincnncnnee. 181
Chapter 12: Passing Plant Characteristics to the Next Generation......................... 199

Part IU: The Wide, Wonderful World
of Plants: Plant Biodiversity..................cccccccceeeeaaaacee 215

Chapter 13: Changing with the Times: Evolution and Adaptation ............cccce........ 217
Chapter 14: The Tree of Life: Showing the Relationships Between

LIVANG THINES . oy ssessasammesmsasanssssmmessnssseomesssmvervesinss i vess s sees e suaeswsa e ss s a o s am s 231
Chapter 15: Examining the Forest Floor: Bryophytes and Seedless

VaSCUUAT PIANIES =i coccsrimninsimsi oo neensonsarsmsmnnoncsnns snssmamassmes sombiosissanisinstsbisidsss ssases sy sse 243
Chapter 16: Their Seeds Are Naked: GYMNOSPEIMS .........ccccueeeuereereeeieeeeeeeineeennenns 265
Chapter 17: Say It with Flowers: AngioSpPerms...........ccceeveeeeenuiesiiniueccreeieseeceesseennes 275
Part U: Plants and People....................ccccceeeeeeeeneeeene. 289
Chapter 18: Making Connections with Plant ECology .......cccccovuiviiiniinciniiiiniincciens 291
Chapter 19: Altering Plants by Using Biotechnology ............ccccoceveeieicveiceeciennee. 311

Chapter 20: Thriving on Plants in Everyday Life .....c.cccmiicicmessnsersssnsssasssassansssessses 323



Part Ul: The Part of Tens ..........c..cuu.... e ]
Chapter 21: Ten Weirdest PIants ..........coccooveeiiniiiiiiienccientenesieeeccresteseesee e 343
Chapter 22: Ten Tips for Improving Your Grade in Botany

Indey ..........cccaeeeeeeeeeenenns teeeeeececeaseeeeeseeeeeeeseeeensnncennee 305



Table of Contents

JOEOAUCEION «eaeeeeaeeeeeeeeeeeeeeeenneeeennnaeeenncasennnacesnncannne |

ADOUL ThiS BOOK ..ccveserssssussesvsmsssssarirssssmisinssessnssssssssssssonssssssesnnassanessnnassonarersos 1
Conventions Used in This BOOK.........cccccoceiiiiiiniininiiiiccniccecececeee, 1
What Y.ou're Notto Read e summssscsnirissimmsonioisississossorssisesisssssesss 2
FOOlisSh ASSUMPTIONS.....ccueiiiiiiiiiiiieeieieeeeeee et 2
How This Book Is Organized ...........ccccooeiviriiniiiiiiiniiniiieieiecccicciceee 2
Part 12 PIANT BASICS worurrmmmmmisnonss srmsss sassssmsssis osses sbonsssss ssasvassisyssavessns 2
Part II: The Living Plant: Plant Physiology........c.ccceceiinivcncncnennen. 3
Part IIl: Making More Plants: Plant Reproduction and Genetics......3

Part IV: The Wide, Wonderful World
of Plants: Plant BIOdiVEFSTY, . svminimssiivssssnsnissresmsssnpesssssusassussisss 3
Part Vi Plants and PeoPle.....cc e aamivmsusnisss s ispssssassisssssssiaiaensosmnsas 3
Part VI The Part of TeNS:....... s cmmesimmnsismssosmsosvessssssomsusinsssnisssmass 4
Icons Used in "This BOOK ..:umcanmnmmmnssmsaniinses msrssmssasssicissnmvonsonseies 4
Where to GO from HETe............ooumecrinicnsicsmssaisaasssassocsssssssssssssassssssssasssnssanase 4

Part I: Plant BASICS ............ccccaeeeeeeuueeeceeeeeeeennnnnccaceceeeeee 3

Chapter 1: ExploringBotany.................coiiiiiiiiin.t. 1
Taking a Close Look at Plant Structure...........coccoceveneninenniennneneneeee 7
Organizing plants into roots, stems, and leaves............ccccceceevuennnnnn. 8

Eding ways {0 PrOCTEate o nnmmssimiosssssasssssssmmsssssssivsessssassssssss 8

Figuring Out Plant FUNCHONS .......cccccoiiiiiiiiiiiicccceeceene 9
Making:and USINGLO0M ......cccvmmeresssmsionmmsemsissssssmsvimimam s amias o 9
Transporting MAtETIALS wusuumssimsisissussmsmnssspumniasissrs ssisssvissssasessusorsns 10
Responding to hormones............ccccoeveviiiniiiniinnienicseeceee e 10
Considering Plant Reproduction and Genetics..........ccccceceeiveeeeniennennennen. 11
Exploring the Wide World: 0f PIanits ..o iesemsmssmosse susssaossissmsenssnsasssssas 11
Making Connections Between Plants and People............ccccoceevvervanennnen. 12
Chapter 2: Peering atPlantCells...................... ... ..., 13
Making Molecules from MAttEr auissnss aessisessmsmsssenisssssisespmssssssiss 13
Examining elements, atoms, and iSotopes ........c..ccccceeeveeeieeennenneen. 14

Getting atoms together to form molecules............cccccccvveenreennnne... 17

Making Acids and BaBes ...uusssammmsamssnssms ssassssmvsainsnuoiavomssviosams sorsavssssissies 18
Building Cells from Four Types of Molecules ............ccccceeuervvenviencrennennen. 19
CATDONVATALES cismminnsommsismsaniessissioronmsisssuibmen e TR S TR 503353 20

PrOYEING o oocueuisvmsssosmmoms s iss o aei s sssas s ssassss somnsssseanss ssbaessusyinss 22
INUCIEICACIUS: ... s scemsnmnesmmsarmemvonsssssmmrsss e st sos e e cansssnsnmamsssn 23



Botany For Dummies

Entering the World of Cells .........oocooiiiiiiiiiieeeeceeeececeeeeee 29
Customs: Plasma MemMDIAaNe ......ovssmmssivsssmesmsimsisaassimsnisae s 30

The library: Storing information in DNA..........ccccoeiiiiiiiiiieeree, 31
Factories: RIDOSOMES: «i:xe simististisstossseiossmnsmsmnssnssasssmsnsisisisissssaniess 32
Exploring Plant Cells .........ovunsvmurssnsmssmmmansasmssaneas sisamesss 33
Post office: The endomembrane system..........ccccocceceeeeieiiecieneennenne. 35
Scaffolding and railroad tracks: The cytoskeleton......................... 36
Solar-powered batteries: Chloroplasts ........ccccoceevenviinieneeneenenne. 37
Powerplants: Mitochondria............coceeieriiiininicniinceneeeeee 39
Rebar and concrete: Cell walls and extracellular matrices............ 40
Chapter 3: Identifying Plant Tissues............................. 43
Combining Cells to FOrm TiSSUES ......cccccovuiiiiriiniiniiiceeeeeeeeeeeene 43
Growing with meristems..........cccceeeiiieeiiieniieeeeceee e, 44
Building plant bodies with ground tissue........cccceceeviieieniienennnennee. 47
Transporting materials with vascular tissue ..........ccccoceevervvnnennne. 52
Chapter 4: Vegetative Structures: Stems, Roots, and Leaves. ....... 57
Getting Organized into Plant Organs ..........ccccocevvevieenieeciencieecieeieeeeeeneen 57
Getting Taller With STEMS ..cwrssssssiosismemmssssmnssmsmsssamssisssssvisss 58
Primary rowth ..o 59
Secondary STOWEN i i o ivameiion ssssnmnsassasessassssnsssssnsons 63
Specialized StEIS........ccoceiierrerresuensnensessessuessessasssssissirssssssssessassenssssssss 66
Digging Deep with ROOES......cccoociiiiiiiiieieeetee e 68
Regions Withill TOOS ««cu e mnmmmmmsmnammmnansssssasesssisssisnsssisss 69
SPECIAlIZEA TOOLS......cornsonevusssesssssssmissunsassnsansssssssnsssesssssessaassssnzsssossasnsss 72
Forming partnerships with soil fungi..........cccceeeevieiininiciee. 74
Reaching Out with LEaVES ... ssmsssssesmsssaranssassessasssasssransn 75
Leaf SITUGHITE ..o snmemsmsmisseesyesemssemsvesrmmsemssmsssrormrem s yr R s S ITaS 75

Leaf Y PES e 77

Leaf arrangements .. . sumsivimismsisiimmississsassassssmmsamssassansoassressssses 78
Specialized 1€aVES. .. .ocme smmsmssmssneansssmssmessesmmemssmomsmsasmamvan ssasvssss 79

Chapter 5: Reproductive Structures: Spores,

Seeds, Cones, Flowers,and Fruits .............................. 81
REProdueing With SPOTES .. amusvnsan s aimiiinmmesmsmssasssiinsssissnsnn 81
Protecting the Offspring with Seeds .........cccccovininininieiieeee, 82

Seed SEIUCTUTE .......ceoiieee e 83
Organizing Reproduction in CONES .......c.cccocuevieiienieniieecieecieeie e 87
Finding a Mate with FIOWers ......c.ccccccoviriiniiniiiiiecce e 87

FlOWeT SITUCIUTC ocuamrimivsommssiimisms ssisissssonsssssnrsnmranssesssmansstsnnssosonensessas 87

MOV POILEN oy cvomemmsssmnssmvssssmnmmsmmremss sy T TR A AR 90

Flower arrangement ............ccccocevererenieienienienese et sae e 90
Packaging the Seeds i FIUILS wuaammmmmmiminmmismsimmmmmasimsiissmm o 92

o L o, 1 93

Dispersing Fruits and Seeds............ccccoveviririiriinnieneneneeieeeceeee e 97



Table of Contents

Part II: The Living Plant: Plant Physiology................... 99

Chapter 6: Metabolism: How Living Things

GetEnergyandMatter. ...t 101
The Big Picture: Overview of MetabolisSm........c.ccoeceevirveniiiniienieneenennne. 101
Moving through Metabolic Pathways ..........cccccoceviiniiicniiniiniiiiiceen. 103
Speeding Things Up with Enzymes ..........cccccocooiiiiiniiinniiiie 104
Transferring Energy with ATP ..o 105
Shuttling Electrons with Electron Carriers ..........ccccoceevvivievenineneecnne. 107

Chapter 7: Photosynthesis: Making Sugar from Scratch .......... 109
Rethinking the Role of SOil ........ccooiiiiiiiiiiieeeeee 109

van Helmont's exXperiment......c...vssssssssssssmsaosmissasssisseiseriosssose 110
‘The real 101e:0f SOIlsusussmminanisssimmmsssomioissensssusn sesssosisemsias 111
Discovering Photosynthesis Fundamentals..........cccccccooeeeiieicieciiennnenn. 112
G OTIZ SOLAT s 0505 rencproneranssass sessmsonsasssviss svsrssssssntoinsias o samn oo s 68555 113
Catching some rays with pigments ..........cccocoocviiininninencnenenen. 114
Connections between the light and
light independent reactions..........ccccoceveieiiiniinniinncnieneceeee, 116
Harnessing the Sun: The Light Reactions.........c..ccccocooiiiiinininininnnnn. 118
Transferring light energy to chemical energy
with electron transport chains...........ccccoeeiieiiiiiciiciieceees 118
Noncyclic and cyclic photophosphoryation..........c.cceeveevieniecnnns 122
Storing Matter and Energy in Sugar:
The Light Independent Reactions..........ccccoeceeveinieninnincieniecieneeeeee, 125
The steps of the light independent reactions.............cccccceuennen... 125
Getting carbon dioxide to rubisSco.........ccoeeeeeeiiicciicieeeeee, 126

Chapter 8: Cellular Respiration: Making Your

CakeandEatinglt, Too...............ccoiiiiiiiiiiiiiiinnn, 131
Digging into Cellular Respiration Fundamentals..........c.ccccoccveerieneennnen. 131
Breaking Down Glucose in GlycColysis........ccccovereninirneniiisieneneneseeeenen 134

Glycolysis is UNIVErSal...immirissmmemivaivsnssisssrenvomsmssmmsmisd 135
Making ATP by substrate-level
PhOSPhOrylation..........cocooiiiiiie e 135
TheiStePs OF SlVCOINSIS. ...ionuimeriasssmsamssesovens anamimreirsimsmas s aias 136
Going Farther with the Krebs Cycle........cccoecnenirnensnnrnnniersnensresseessesinses 139
NIOTEHS DETLET .....vvermocenessonsarsorsrantvsmsssssassiinyssensss s s ¥ na S 5 g e sarasmes 139
iEheisteps 01 the Kréb 'S 6YCl€ ar i nimmmmmmsssmmn s 141
Making Useful Energy: Chemiosmosis and Oxidative
PhOSDROTY QIO cviaistisiuasenssessnsssnmonsmosnsvs abswrornesiassssos s sitos Gusmses st 0504 143
TYAnSICIYING ClOCEONS wuuimrmmmssmitmssnsssvsmssnsssmnsasmissessarosis 144

Transferring eNergy.......ccinciseiesissssasssnsomsisiuesstassiissiomnmsasonaresves 145

Xi



X'i i Botany For Dummies

Chapter 9: Moving Materials Through Plants.................... 147
Shipping and Receiving Materials throughout the Plant........................ 147
Moving Across MeMDIANES. ... vsemvessiuseusssssvssssissssassisssanssiossssisosisassisssasss 148

IS IOT] veirevmneamensssmmmmsermemmsmpmasssorerssnsass couvoevaessssssakicsiassdons ivasussnaonss 149
T b 0 0 )L 010 o (Y 150
OISTILOSIS wsixssussusnsissssusonss ss vossssssvensasssssosesseasimes Toav s3os IR RIS EERRR s e ea s 308 151
UNAET PIrESSUTE .......veeieeiieienteeiteneeesreesiesteetesstesseessessesssasssesssesseenne 152
LOSING Tticimsmmmnmnnvsmmnsmmas s i e isssisrssnsesssnsss 154
Going with the Flow: Water Transport ..........cccccceeereiccnenccneniicniencnennene 154
Clinging for support: The cohesion of water............c.ccccceenennennen. 155
The pull from above: Transpiration ...........cccecevererienereneneeeenen. 156
Fixing a break in the lines: Cavitation ..........c.ccecceecceeiesecsnsiensonenes 158
Reaching out With rOOtS.......cccooieviiiiiiiiieeeceeeeeee 159
Sticky Business: Sugar Transport.........cccocceciriienesssicsaiascsasessssssssasssassses 160
SOUTCEs atid SIKS .ovvmssmvmisemnsvsmmssemsosysmsiems aresss aessims i 160
Pressure-flow hypothesis........c.ccoceviiniiiinninicnenecccee 161

Chapter 10: Regulating Plant Growth and Development............ 163

Getting an Overview of Plant Growth and Development........................ 163
RECOIVINGTSITIIALS ..o ricesmarmorsmmsmsmmmonmissrovebmssseinrsssi s soysssvassisssasss 164
Responding to Signals qciwsi weanismssismmsnssmssesssismmasssrines 164

Sending Signals with Plant Hormones ...........ccccooceeviiviniinicniieniinceene 165
ANIKITNS,. . .o vonnsmssvmnosenssovscensssusmveeverussos mensorasssnsssomsssseesss s ees som iy s s aeToe s 166
CYYOKININS - ccismssamamnimimimasimms messsinmmsssiasssmsmmsasassinnsansss sopesnsnsss 169
GIDDETEIING «covisssommumnsnssmsecisssemasmmnmmsss e asssernm s s amissaises 170
ADSCISIC ACIA....cueeieieieieeeee s 170
EtRYleNe s sommransnmvnmnmmmammnsmsssiniss miamsmssmsasmisssmrias 171
Brassinosteroids .. o s ssvssssssasssssmssmssssvamssivesisssssasssossins siesissnssnsess 171

Which Way Do I Go?: Plant Movements..........ccceceevveriieneenieeneeseesieninenns 172
Growth movements ({rOPISIMS).....cccceviivvirrernerieeneeneeneeeeee e 172
TUFEOF TNOVEIENS . ssuuuvevsuvmsssssmsssssesssmeniisss s sesm i s aaiamess 173

What Time Is It?: Sensing the Seasons...........cccvcvevvieneicinieniieciieniencenns 174
FIOWeXING wsimmmmnmmmmnmimmnnasasis s s s 175
Circadian Thythim ....commavmsmmsavessssasmassmsaoms soresssosisisns 176
Seed germination ..........cccccueeeieieriieeiiecte e 177

Part I11: Making More Plants: Plant
Reproduction and Genetics............ccceeeeeeeeeeeeeeanannanne 179

Chapter 11: Greening the Earth: Plant Reproduction.............. 181
Reproducing: More Than One Way to Do It.......cccoceevveninniniienciecieneenne, 181
Asexual reproduction.......c...coceeieriiiinnienienete e 182

Sexual reproduction ..........c.eeecuieeceieeiieciieceeeee e 184

Comparing reproductive styles ...........cccocceeveiriiieccnercercserereneennnes 184



Table of Contents

Copying Cells by MItOSIS .....cc.coceerireriiieieiccesce ettt 185
INtEEPNASE sssvivummmmmsmsimamsamestosnsinssmiasnsas ins Sessssinins s s eSS e SRTF 186
Overview Of MItOSIS ......cceeeuiriiiriieriiieeeeetere e 187
CYLOKINESTS . cvviums s3iaennennrnns snnsarnesrunembsiarsvasseonmess i ol 5o TS SRR B SRR s o 189

Reproducing Sexually with MeIoSis .......ccccooviereinerneinenieniereeeeeeceeee 189
Counting ChromMOSOMES.........cooeeeviriirierieeiertesiee ettt 190
FOllOWITLEZ Ehe: PIAT i ciicieecnenens sononsossnnoshssmnvesivenysiimsssgupsstsssssissssammaassonn 191
Doubling your stuff and then reducing it twice..........ccccceeeennes 191
The events of MEIOSIS L....ccccovuieveieninniiirienrierencnceeeneerereceeeereaceans 192
‘The events of MEIOSIS IL .......cosecnrvosnseeisissnssssssmmssssssarsamsassesssssmasinso 194

Considering Alternation of Generations............ccceceveevereeiienienieniinenennens 194

Chapter 12: Passing Plant Characteristics

tothe Next Generation ... swsinarsoanssxnmuansianssonsnimyis 199
Tracking the Inheritance of a Single Gene............ccccevieviniiiniinieenicenennne 199
Investigating plants with Gregor Mendel............ccccecvvviinciiniiennens 200
Figuring out the rules of inheritance..........c.ccccooveeveiiinncnnencennnns 202
Speaking like a geneticCist.........ccceevrrercnerenirsesseessnnssnessissssessassanssaess 204
Making Predictions ...useseamssmeirmesiimmitiomssssssssorsss sovsssssssesssasssss 205
Tracking the Inheritance of Two Independent Genes...............cccoueue.e. 207
Adding plant height to the mix .......ccccooceeiiniinniniiiieee 207
Solving the Punnett square for a dihybrid cross............ccc......... 209
Remembering Meiosis .........coceeviiiiiiiniiniiiieceeceeceeceeeeeeee 211
Mixing it Up with Incomplete Dominance ...........cccccooceeveeiiniennienceennenne. 212

Part 1U: The Wide, Wonderful World
of Plants: Plant Biodiversity...................ccccccccceaeeaaee. 215

Chapter 13: Changing with the Times: Evolution and Adaptation. . .217

Figuring Out the Fundamentals of Evolution .........c.cccceevvevieiieneeneennnnns 217
IMUEALION ciistisiossessnsssnessmmsovicomsoersosssssssssass ius SoARa i Es AT adsvanprannasensassveses 218
NatUral SEIECHION wuiwissmssistecssasssnmsmersimmmsnssomsisessssssssosinsasssssiasssissonnnnns 218

Identifying Important Factors in Plant Evolution............cccccceeenuiennnnne. 222
BHYDTIAIZAtION.. ..oconecrveoeriommimmmimissiorsssurssiomiuessvssiinsssnmmsnsssanssmssansessarsn 222
POlYDIOI0 Vi sinimamsemimaie-ssmsammsssmiomssossstssains s osstoiiasm spss i i stnsonsans 223
Reproductive 1SOlatiON. . smsorsorminsmsmssismsvssssesssmirsmsosssaseogse 223

Admiring Plant Adaptations........cccccocceviiiiniiininiinneeneeeee e 223
Desert: PIANES cusnmamenmmimmssssismms st i s asie. 224
Tropical rainforest plants...........cocoeceevieviereneneneeeeeecee e, 226
Carnivorous Plants .........cccceverereriniienienere et 228

AQUALTC PIATIES covvemivismrmmmmmss smusss s semssss s o 229

X



xiv Botany For Dummies

Chapter 14: The Tree of Life: Showing the

Relationships Between Living Things .......................... 231

Examining the Branches of the Tree of Life ........c.ccccooeiiiininnnnnnn. 231

Digging into the three domains............ccccocviiiiiininininnninin, 232

Exploring the past through phylogenetic trees............cccceeurenenns 234

OFFANIZING LI . imevammmmimrmmissseemssmmmonssssssssmsrsesamvesessvmmssaassasseanss 236

Developing @ SYStEIM....ccc.ovieriiriiriirierieniesteeetesse et et seeesresseesseenne 236

Defining PIATIES, s unensssssnssncssnsnssonmussnsssss susssns svsssmasusssasssiss s s asisssaess 239

Naming the Rose (And Other Living Things) .......cccccevevviiinnininnnnnnnne 240
Chapter 15: Examining the Forest Floor: Bryophytes

and Seedless VascularPlants.......................coinin 243

Moving onto the Land ... snsmssomsis s s s 244

Bryophytes: Nonvascular Plants ..........ccocooeiiiniinnininiininnenceneeen, 246

Liverworts: Phylum Hepatophyta.........ccccccoeeieiieeccieciicceeeeeee. 246

Hornworts: Phylum Anthocerophyta........ccccccoeviiecieiiiiicciecneenen. 249

Mosses: Phylum Bryophyta.......ccccooceviniinineniiiiniiineeieneeneene 250

Seedless V.ascular PLANES ... omviscusisesissioosssisssine s sinssmssasansosessnsesnssnnessnonsss 253

Club mosses: Phylum Lycophyta.........cccccovevviniiniininniiicnieniene, 255

Ferns and (some of) their allies: Phylum Pterophyta................... 260

Chapter 16: Their Seeds Are Naked: Gymnosperms .............. 265

Protecting the Embryo with Seeds.........ccccovvivirviiinieiineineeeeene, 265

Cycads: Cycadophyta.......ccceciiiiiiiiiiiiiicciiecee ettt e 268

Ginkgoes: GINKGOPNYLA ....cc.eevveerieriirieriereeceeect et 269

Conifers: Coniferophyta (Pinophyta).......ccccoecvniininnniinniniinieneccieenen, 270

S e 271

Gnetophytes: GNEtOPhYLa .......ccceeviiiiiiiiiiiciirtetetee e 274

Chapter 17: Say It with Flowers: Angiosperms................... 275

Delving into Flowering Plants: Anthophyta.......c.cccceveeieniieieenecciecnenen, 275

Searching for the origin of the angiosperms............cccccceerenene.ne. 275

Discovering the unique characteristics of angiosperms.............. 278

Looking at the life cycle of angiosperms .........cccceecveeievievienvennnenns 279

Exploring Angiosperm Diversity........cccccooeviniiniirceiierienieneseee e 281

Basal angioSPerms.......ccccceciriiiriieeiieeienieieteeie et re e 282

T 0T 1T s L 282

T ] £ e ey 282

MONOCOLS wsesssrsmmsmvvssmmms vrmse sormss 55700 5555 SRuTTs 557 60k05 sanrassnanssnssnsasnssnas 285



Table of Contents

Part U: Plants and People............cccueeeeeeeeeeeeneennanaanen. 289

Chapter 18: Making Connections with Plant Ecology............. 291
EXploring ECOSYSEOIMNS . iuuoiiissomsueissesssmsmssssissasssissasssinsissosssssansssusssinsissrsasss 291
Figuring out your job description...........cccccevenininiiciiiniincnennene. 292

Going with the flow of energy..........cccoceviviiinieneniinieeeeee 293

Going round and round with matter cycles ..........ccceeviviennnnnnen. 298
Interacting with Other Organisms..........coceoviriiiiiiniinieneeeceeeeee 302
LivVIDG tOZEtNOT conimuniin s sssisisis s imismsssrmmisnsrerins s ssiinsssiy 302

WOrking things: QUL .. eesmusmmmssamss it amssassmsssissesess 303

Peeking at Powerful Plant Communities...........ccccecevinineninicinnneieienne. 304
EXDIOTING DIOTME S rvtnissciamasssnoaisessssonssiosas s ressmussissaissibns iss Easieaness 305

Changing communities through succession ..........ccccccceveevennnenee. 307

Chapter 19: Altering Plants by Using Biotechnology. ............. 31
OB, NONGNIQIS! ... < rasesne sramsns omssnamnnibs st soe a3 57 S80GSR it mamnms snsvs 311
Engitieering PIANS wssunmmmmanmisinsmsssmssnmsssevon amssssnsss 312
Culturing plant tiSSUES ......c.cccueviriiriirieeceeeeee e 313
Transforming plants with Agrobacterium...........ccccccoeeviecreennnen. 314

Trying to Build @ Better WOrld........c.cccsmvssinmmssiisnessssossioemunsenssnssssnsssssssss 317
Saving lives with golden riCe..........ccccovvvrviiniiiniieniieiieeeiecieciee 318

Stopping crop pests with “Bt”.........cccoooiiiiiiiiiiiiieeeeceeeeeee 318

Resisting weed Killers . mmanuanasnmnsnmsmmsmmsnnansis 319

Making drugs and commercial enzymes with pharma crops ...... 320
Let’s Talk, Talk, Talk about It: Pros

and Cons of Genetic Engineering...........ccccooeeveveeecveciiviinececeeeeeeeeenn, 320
Chapter 20: Thriving on Plants in Everyday Life.................. 323
Feeding a Hungry World ... 323
Exploring the origins of agriculture...........ccccooonviininiiininicien. 323
Keeping up with human population growth.............cccccoeiieieninn. 325
Making Use of Plant Products............cccccceeiniiiinincnninencnecceeeennn 327
BUIAINE OIS i1 cneonnrrmmeessnesmessemrinosessstosyssmeimsisss s Esas sees 800 4563 son i 327
MaKING DADEE: v cavvvsssssnomosssimesmsmmsnirissasstassessssssssssmsniassassesssssiatsmssns s 328
WeAring COMOIL......comswessansmommmmmiassasimitimsisssmms sossnsssssasivives 330
FUElNG the TULUEE.......cuweromsoreosessmormosion msssps ssvssisageitsihemssusssoasnasessonen 330
Discovering the Power of Plant Chemicals ........c.cccccooeeieeiiiiiiiicnenene. 333
Finding a cure: Medicinal plants.......cccccoeoeeeviiiiieniieeiecceecees 333
Dangerous weapons: Poisonous plants ............ccccoceoieiiiiiieecnenn. 335
Having visions: Hallucinogenic plants ............ccccooeeveieciecreennnnnne. 337

xv



X(/i Botany For Dummies

Part Ul: The Part of Tens.........ccccceccueeeceaaeeeeeasaneneeees 341

Chapter 21: Ten WeirdestPlants........................ccoves 343
Plants That Eat Insects: Cobra Lily ........cccccoeoiniiiieiiiieeeeeeeceeeeee 343
Plants That Stink: The Corpse FIOWer...........ccccocovieiiiiiiieeiieecieceieciieees 344
Plants That Move: Galloping MOSS ........ccccceeiriiirniincieniiesieneenessieecre s 344
Plants That Mimic Rocks: Stone Plants .........ccccooceveiieciinniinecienceeeieene 344
Plants That Come Back From the Dead: Resurrection Plant ................. 345
Plants That Just Look Strange: Welwitschia .......c.ccccceeviiiiiieiiiicceeennnnnn. 345
Plants That Aren’t Green: Indian Pipe........c.cccccoovieeiiicciiiiieeee e 346
Plants That Have Sex with Insects: Australian Tongue Orchid ............. 346
Plants That Really Know How to Grow: Queen Victoria Water Lily...... 347
Plants That Climb: Banyan Tree ........ccccccocvvirviniinieniieneeneeeeieeeeeee 348

Chapter 22: Ten Tips for Improving Your

GradeinBotany .............ccciiiiiii i e e 349
Listen Actively to LeCture .........cccoeviviiviinciinenccecnceeceeecene 349
Use Your Lab Time Effectively....................... R A AT AR A 350
Plan Your Study Time ........cccccoviienieinieiesiesiise sttt 351
Be Active, NOt PASSIVE ....cccvvviiieieeiceeeie ettt sae e 352
Make Up Tricks to Jog Your MemMOYY........ccccoeevievieeiecieneesieesieeereeee e 352
Prepare for Different Kinds of Questions..........cccceceeverieiieneiieecneennne, 353
Remember the Supporting Material...........cccoevvevieneeieniieniiceeceeeeeeees 353
Test YOULSEH OO sounvismmmvmvmsimonsemmngs o s i i assmaiine 354
Use Your First Test as a Diagnostic TOO! .........ccccevevininineeceenenecreenee. 354
Get Help Sooner Rather Than Later ..........cccoovevievvieiicieceeieeceeeeeeeene, 354

Index.........cocuuaeeaaeaieaaeaeaieasensanaseaneanesnsaseasssnsanecneces 355



Introduction

Everybody’s talking about green these days. Green technology, green
energy, green lifestyles. It’s no accident that the word green has come to
symbolize a healthy world and sustainable habits. People use the word green
because it ties into visions of a green and growing world, lush with forests
and fields of plants. This book is about the organisms that form the founda-
tion of that green vision — the plants that surround us, support us, and make
your world beautiful.

About This Book

Botany For Dummies is an introduction to the world of plants and their impor-
tance to the rest of life on earth. My goal is to present the concepts of plant
biology in a clear and straightforward way, while I help you relate the science
to your everyday life. I include lots of pictures of the processes, structures, and
life cycles that you'd typically encounter in an introductory course in botany.

Botany is the study of plants, which covers a wide range of subjects, includ-
ing their structure, function, patterns of inheritance, diversity, and impor-
tance to humans. I hope you’ll be as surprised and intrigued as I was when I
first began to study botany and realized that the seemingly simple world of
plants was actually pulsing with life, mystery, and beauty.

Conventions Used in This Book

In order to explain things as clearly as possible, I keep scientific jargon to a mini-
mum and present information in straightforward style. [ break dense information
into main concepts and divide complicated processes into series of steps.

To help you find your way through the subjects in this book, I use the follow-
ing style conventions:

v ltalic is used for emphasis and to highlight new words or terms that are
defined in the text.

+ Boldface is used to indicate key words in bulleted lists or the action
parts of numbered steps.



