Contents

PrEface......iiviiveiieiiisiitiicctre st sr e s a e ix
ACKNOWIEAGIMENLES.......coreveneererrareeerenresretereeesreeeesese s ense st sssseresssssessessessesesseses xi
INEPOTUCTION ...ttt ettt et cccres st s sesstssesessnsss s st e e sesasansssasaeaes xiii
Chapter 1 The Biology of Plants........cccocccvniirnnierninininnrnensessssesiesesnsensesensenne 1
The Rise of the SCIENCES .....ccoviviviniiniiiiiiirceerrenrree e ceeeees 1
Plant Biology: The Cell........ccovvivrimnmniiniiinesisieciecrnciiniesiseeneses 1
The Plant Goes Underground.........cc.cocecveiievenvenvenienseneereneeseesesrereecennes 5
SEIM. ..ttt ettt st s eb et sttt bbb e s e san e e eressententsresbontes 8
LLBAVES...eourecierteee ettt ettt sttt st e 9
FIOWETS ...c.vovereeereerenrcrereine et eesest ettt s sasssassenssasasessonsensonenees 13
Anatomy Of FIOWETS .......ccccoveiremiinirtiiniiitinrenrreeeeseseesecenssssssaens 15
Dicots and MONOCOLS......c..couiirrereiiieseriecerenenneenscoreses e ssasstssssesseesns 15
FTUILS 1ooiveiiteiresieretneser et ssee e ssesee et saessese s s snsnessssssssassaesassaene 16
SEEAS ..verrerrrerrtrire ettt e sa e e 17
WALET ..vveeeeeie ettt et sttt st e st s e sona b s s e s b nessenene 18
PhOtOSYNtRESIS ...c.covirieeiririirimrcsiiiciii s sisss s irsesaeais 20
INOLES...creureeererrererrssnsreese e rsietesbsbesbosssstb e sesasssessnonerstssessontosserensen 23
Chapter 2 Evolution of Plants and People..........c.coeceierinnenrnenriceeresnnnnecerecseseens 25
Toward Natural Selection.........c.cccveereririmninieinicenienseniesnicinenennens 25
Punctuated Equilibrium: A Modification of Darwinism ................... 27
Evolution of PIants ........ccovveeinciiieinnniiiceiiiniecseseeestcses e sensens 28
EBarliest LIf€ ....vccovreeenenerrerermssnncrmsnecsiessstssonssesssseesssesssnnonsssssssssessons 28
Toward the First Plants.........cc.cccviiiniiiiiinnceeietesssensissessiens 29
Rapid Evolution of Terrestrial Plants ........c..occocorevrvinninivcencnncnnnnnenn 30
Evolution of ROOLS .......ccceeirremreenrrreiretciisstinnnnesereseenresonnesssssesessonens 32
Variety of Land Plants.........cccciiiiiniiiiininenrciecniensnsnnn 32
Pathways of EVOIUtION ........ccouvvnrimeniiniiicieneinsiresssssneinnssceeens 33
FIISt FOTESES ..vveverieieniererecenresesaonmsesesiemissestestntssssessnsssessesesassssssresessenes 34
Evolution of Seed Plants...........cccvivieiuinrinencennininnicienenene 35
Rise of Flowering Plants ........ccoverevmericiininniinienenenreminnnnnenes 37
Flowering Plants at the End of the Cretaceous Period............cocuu..... 38
Rise Of the Grasses........cceevciiirnninnmiiiiiiisieisressisssesesiens 39
Tropical RAINFOTESES ......ccovviviinrirnrininiiiiicntseiesese s saerenees 40
Evolution of Plants in Perspective...........ccovuvviivcvcniiiincnniinienvenene, 40
Human EVOIUtiOn.........ccooeiiiiiirininiiiiniiiienssinisnssiosssiessonees 41
AUSIralOPItheCINeS ....covcuivivecriiiinirci e 43
HOMO RADILLS ...ttt et esse s ebe e 44
HOMO ErECIUS ....eoeeeeeereieenerceennenitsnemsissistsstesss e senaseesessesssssssssnesssses 45

Toward a Variety of HUMADS.........ccoovviiviiicrnnrnisienisinsisesisnenesennes 47



Chapter 3

Chapter 4

Chapter 5

Chapter 6

H. Reidelbergensis...........uuvecveneeveeneeseesenietensesteeesiessesaseseesesmesne 49

Neanderthals............ eeereeteae et ta et e st et h e st e bt ae e b et s besan e sr e b enton 49
H. SAPIENS ....ooneiriieieeerierieeecent ettt ees s s e s sas s 50
HOMO flOTeSIENSIS .......vo.eeenieeecreneeireeneeninie st seseseesiees e see e saeeone 52
Mitochondrial EVe.......cuveoiviiviiieieeiee ettt e sraee s ene s 52
OUL OF ASTICA .eoeviirreceeeeeeeieccteereeseectseseessees s arsaesreessaessaebasasaesananes 52
INOLES....ooceeecrectrereeeeeerertecstesbeesba e ssesstaensssassseassarassbensrsesssssssessenerecs 53
Early Uses of Plants .........cccevniniicnnininininnninnvenenn 57
OVETVIEW .octvveeeiiieeieeieiieeeiteessasesnsesssseestassnsesessnessssesessesessssssssesssasns 57
Role of Plants in Human EvOlution..........ccovevveevvvnveevvorvnnennrseennenns 57
Woman, the GAtherer ......ovvevvvieiieeveeieceecccee e ceer e sree e aeeens 62
Plants and Human Evolution ......c..cccuereeiiernnereninneccveeneneetensenserenennne 64
Edible Plants in the AMErICaS .....ovviveerrrerieirverveeerernnrerresneseeessesseess 68
Partial and Tentative Movement toward Agriculture within the

Context of Hunting and FOraging.........ccceceveuevininenininininnniinins 70
INORES. . .eeeeirreeiiiisreeersinrtresersrteessesaasessessesaaseastaeesesssnasesssssssaessonsaesnonsses 71
The Neolithic REVOIULION ....covivvirverrinieerreniereseeereiesesesessesessvassnareens 73
OVETVIEW ...evveeveecreerneerreeirreesesetessesssssesssessessssessssensteassonssassressrsssseanseces 73
SOUtNWESIEIN ASIA...cciciiieeiieeiiinrieiienneteerreesrereesitreeseeresesssssesssssnesenes 76
Europe, Egypt, and North AfTica.........cccvevniicininniiniiiiniiinnnn, 79
Sub-Saharan AfTICa........cevveiiriieiiiieennirecniee e nesseeeseresessaeessraesnrasnas 80
EASE ASIA..c.uvineeiireiieirrieiecrteestersseesseeessesssesseeesssessessssesssesssassesssresssenss 81
SOULREASE ASIA.....ccoveerererirrerrreereinrereseesseesnsoseesensssssasssonssssnsssssssssssoses 84
The Pacific ISIaNds .......ccccovevvierreeriernmnionnrenneenssensioniesveeesaesssnsnseas 85
SOULN ASIA ..eoeeeireiieisieeteeneesrerereeseneeseaaresaessanessasssssssessasessseesseesstsns 86
The AMEIICAS ..icviervieiicitiectrrersreiesrerestesrsreeesreesssasssntessasasssanssssasssns 87
INOEES....eeieeiereieriirreererratesierereersnessaesseessnessserssressasssassonassessessanosasassees 96
Rise of Empiricism in Antiquity: An OVETVIEW .....ccceeocveveiniuiininnnns 99
Greco Roman Agricultural Writers.........cooccvvevnininivnincnninenens 100
Place of Agriculture in the Greco Roman World..........cceccorcnnencene. 103
Empiricism and the First Stirrings of the Plant Sciences in the

TVESE .. reiinieeeerreriieeeerereeseessereessstaesssenasserasssnss sossnassnessssasornessssarsssanss 105
Soil Depletion and Its Remedies ........coveeverniiniininiiiicnnniiennes 108
Plowing, Weeding, and Planting ...........cccccveiivnnniinnncncennnnen. 111
The Olive Tree, Other Fruit Trees, and Grapevine ..........cccoccevenee 113
Grains and Other Crops ..........ccoevcenieeeeieciniisiccsecnressnnsesesnsonsans 118
INOLES.....cvveeereerernrerrerrosrreenrorerorasnsasesnassbesessraesssnssretsressaeossssessnssns 120
The Columbian EXChange .........ccveciirircnniinnninnnnninenonen 125
BACKEIOUNA .....oeovenrenirreererenstsnsrenrisnssiesiesissesiesssnssesresassassnssasanens 125

From the Old WOTId......ccovuiiviiererrvveirenrieenresaecnecnieessssrnneseessesensens 126



SUZATCANE .....ocvmiiiiiiinieiiriet et st et eete e seese s e s s sssesanans 126

Origin and Diffusion in the Old World.........ccccoveveereeiinncncnne 126

Sugarcane in the New World ........ccoccoeviniiriivciriceceeiceene 128

New Opportunities and Problems...........ccccoceeeiinienvneecenennen. 130

SOYDEAN ..c.eeiiiiiiticectiet ettt st b s st ne 131

Old WOrld OTIgInS ....c.covereereennerenenneiieneneeneesese e sensessenes 131

The Columbian Exchange and the Americas ..........c.coveeuennee. 132

The New World of Genetic Engineering ..........ccocovniecinennenn, 133

RICE.c ittt ettt 134

OFIZINS ..ottt e rear st e besessrssesbesbesas e e enes 134

ASIA ettt et e s 135

AfTICA oottt ettt st s e 135

Rice and the Columbian Exchange.........cccccoovrvenennnvininane 136

From the New WOorld ........co.cooovnininivninirecreereesnncice s 137

POLALO ..ottt 137

A New World Indigene ..........ccccvervnvineniencenneneeseenioreneenee 137

The First Columbian Exchange ...........cccoocvvivvieniininicciinnacn. 137
Europe’s Last Subsistence Crisis and the Second

Columbian EXChange .......c.ccccvveiviervenneinennnnrnerennneseesssiesienniene 139

A Third Columbian Exchange? ..........ccccooeveervenrniniiincnnnnns 140

SWeet POLalo ....c..ceovieeieiiiiiiiincinetee ettt 141

New World Origins.......ccccovvvvervennerinnneenenimneennenessisssssssecens 141

Prelude to the Columbian Exchange............ccccoevrernniiinunnnnne, 141

The Columbian Exchange........cccccovveiviivmevncnniecinnninniiicnne 142

COMM ittt ettt st et saesnbesn s bt e 144

American OTigINS .....cccovviviiierrrercreererrere e sens 144

Corn, Asia, and the Columbian Exchange............ccoourevrccrcnne. 145

Corn, Africa, and the Columbian Exchange...........ccecosuruenene. 146

Corn, Europe, and the Columbian Exchange .........cccocceueua.. 147

INOEES. .ttt ettt ettt st e s b e s et ssssb s e st s b e 147

Chapter 7 The Rise of the Land Grant Complex ........c.ccccocvnnrrecnnnnennnirennns 151

OVEIVIEW ....oiiiniciincninitienet et scssie et e ste st srssssesassaessnssnsnens 151

Movement toward Federal Funding of the Agricultural Sciences ... 154

The Land Grant CollEges ........cvvevveriririnrcrnioranirenrcsninesensiresessennnens 157

Toward the State Agricultural Experiment Stations ..........ccceeeeveene. 162

A Variety of Plant Sciences at Public and Private Institutions......... 164

INOLES...oveenriniiieec ettt ettt es et st e e satssress s sesab s e anene s 172

Chapter 8 The Hybrid Corn Revolution........cevveeiincsiniivensssersrenesssiesnenns 175

OVEIVIEW ..ottt ettt sesete s st e eses e sst s s saso e sanssnesssone 175

Improvement of Corn through Breeding.........occoovveiverrannniennnina, 175

Rise of the European Corn Borer...........cccoovniviininnnnnnsennennenn, 179

The European Corn Borer Spreads to the
Gateway to the Corn Belt ....c.cocoovveniieiiiiiciirriirccineeeeceneen 182



Spread of Hybrid Corn in the Corn Belt ... 185

Hybrid Corn in the Developing World ........c.coooveninviecnicnnnnnne 189
INOLS. e eeeereirriievieesieesissrrrreteretesessssssrsastersaasesssassssnssssasnsssssassnnssans 190
Chapter 9 The Green Revolution ..........cooveveeervineineniinincnineneineens 197
Geopolitics and the Green Revolution .........cccvvvivvviniiiiniinniinnn. 197
Overview of Science and the Green Revolution...........cc.ceevvvvecineenns 197
Achievements of the Green Revolution........ccceevvurecvieivviieecieninieenne 204
Response to CritiCISIM.....c.cueeriirentieetieeicetiiere et 210
Toward the Future: The Agencies That Made
the Green Revolution Possible.........cocvveviieiiiieencnieinieceneieecieeeeieennne 211
INOLES . ieeeererrrrirreeereeesisienretaeeseeesesssssssessresssseesesessrassserssanesssserasssrersnes 213
Chapter 10 Plant BioteChnology .....c.cooevveirerrceeneciisieesinesinniiniecsieescencsenenns 217
OVEIVIEW ..ovoveeeevreerieeveeeisssentessssssesesessssssessssssssssssssnssesssssesessesssssssnses 217
BASICS . ceceeoretrieeitieeriesseesestbreeeesssteeesessaseasessbsseserasrassessrsaranssnseseaeens 217
Techniques for Plant Transformation ..........ecoveeieiiiniinniniciicniens 219
Biotechnology of Herbicide Resistance ........cccoveeiccinenivcnrecenenne 220
Biotechnology and Insect-Resistant Crops........c.ccccvvversircercenninns 222
Biotechnology and the Search for Plants Resistant
10 Plant DISEases ...cocuvveiiviieericiniireeccrtree st ceecranreeeeereeeeeserareennes 225
Biotechnology and AbIotic Sress ...........coeecirerinrnrenericsirnnenrenones 229
Public Acceptance of Plant Biotechnology and Its Present State .... 231
INOLES . ueeeerereictee it eeiteesieeenbeseasresssbesssssessssesesssssssasessaeesrssessnsasentasans 233
Chapter 11 The Malthusian CriSiS ..........cceeererrerieeieeresenninnrcenienesresseeseesesesseoseones 237
An Essay on the Principle of Population.........cc.cccovurcivenineceeivanes 237
Population Problem ...........cccviieiniicnncniiniinienenecaenes 238
Trends in Food Production ........ccoveeiieveencieeenieeceeeineceesisesseseessanens 243
Problems of PIentitude ......c..covuveeeveeieiiiiineenieenieeeeneecceeesnieesssensane 246
NOLES....ceiiieiirerrtirreetieeieriisstererserteesssessosssssssanssessenssssssssrssnensssssrassans 254
BIDHOZILAPRY ......c.oeoeeireeerercrciecisectrrsre s rencssrees st e e besesas et saestsa s sesanasons 257
IRACX ......oveieiieeiieeeecte ettt trtresreetessbeesssesssassseontasssaessrasssesssassssesasarsssstessseerssrsnn 265



