


AgriculturAl 
MechAnics

Fundamentals and Applications

7th edition

18701_fm_ptg01_i-xxiv.indd   1 06/05/18   2:36 PM

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



18701_fm_ptg01_i-xxiv.indd   2 06/05/18   2:36 PM

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



AgriculturAl 
MechAnics

Fundamentals and Applications

7th edition

Ray V. Herren, Ed.D.

Australia • Brazil • Mexico • Singapore • United Kingdom • United States

18701_fm_ptg01_i-xxiv.indd   3 06/05/18   2:36 PM

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



9781423902379_index_357-376.indd   3769781423902379_index_357-376.indd   376 7/22/11   3:00:41 PM7/22/11   3:00:41 PM

This is an electronic version of the print textbook. Due to electronic rights restrictions, some third party content may be suppressed. 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. The publisher 

reserves the right to remove content from this title at any time if subsequent rights restrictions require it. For valuable information on 
pricing, previous editions, changes to current editions, and alternate formats, please visit www.cengage.com/highered to search by 

ISBN#, author, title, or keyword for materials in your areas of interest. 

Important Notice: Media content referenced within the product description or the product text may not be available in the eBook version.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

http://www.cengage.com/highered


For product information and technology assistance, contact us at
Cengage Customer & Sales Support, 1-800-354-9706

For permission to use material from this text or product,
submit all requests online at www.cengage.com/permissions.

Further permissions questions can be e-mailed to 
permissionrequest@cengage.com

Agricultural Mechanics: Fundamentals and 
Applications, 7E Precision Exams Edition
Ray V. Herren

SVP, GM Skills & Global Product Management:  
 Jonathan Lau

Product Director: Matt Seeley

Product Manager: Nicole Robinson

Executive Director, Development: Marah Bellegarde

Senior Content Developer: Jennifer Starr

Product Assistant: Nicholas Scaglione

Vice President, Marketing Services: Jennifer Ann Baker

Marketing Manager: Abigail Hess

Senior Production Director: Wendy Troeger

Production Director: Patty Stephan 

Senior Content Project Manager: Betsy Hough

Digital Delivery Lead: Jim Gilbert

Design Director: Jack Pendleton

Cover image credits: Irrigation Equipment: © Steven  
Ringler/Shutterstock.com

Credits for top row of images: (top left image) Saw: 
© Cengage Learning 2015; (top middle image) Electrical 
Outlet: © Brandon Blinkenberg/Shutterstock.com; 
(top right image) Linkage: © iStockphoto/francv

DESIGN IMAGE CREDITS
Unit Opener Unit 01— © iStockphoto/Simply Creative 
Photography
Unit 02: © iStockphoto/asterix0597
Units 03-06: Copyright © 2015 Cengage Learning®.
Unit 07: © iStockphoto/flyfloor
Unit 08: © iStockphoto/Zmiy
Units 09-16: Copyright © 2015 Cengage Learning®.
Unit 17: © iStockphoto/Prill Mediendesign & Fotografie
Unit 18: © iStockphoto/Ruslan Dashinsky
Unit 19: © iStockphoto/taonga
Unit 20: © iStockphoto/Silvia Jansen
Units 21-22: Copyright © 2015 Cengage Learning®.
Unit 23: © iStockphoto/GlenJ
Unit 24: Copyright © 2015 Cengage Learning®.
Unit 25: © Larry Jeffus
Unit 26: © iStockphoto/kentarus
Unit 27: Copyright © 2015 Cengage Learning®

Unit 28: © iStockphoto/kai813
Unit 29: © iStockphoto/Janice Richard
Unit 30: Copyright © 2015 Cengage Learning®

Unit 31: © iStockphoto/Banks Photos
Unit 32: © iStockphoto/daseaford
Unit 33: © iStockphoto/Fertnig
Unit 34: © iStockphoto/Gary Alvis
Unit 35: © iStockphoto/Living Images
Unit 36: © iStockphoto/emesilva
Unit 37: © iStockphoto/Branislav
Unit 38: © iStockphoto/cenix
Unit 39: © iStockphoto/Banks Photos
Unit 40: © iStockphoto/Carole Gomez
Unit 41: © iStockphoto/iacona
Unit 42: Copyright © 2015 Cengage Learning®

Unit 43: © iStockphoto/Charles Schug

© 2019, 2015 Cengage

ALL RIGHTS RESERVED. No part of this work covered by the copyright herein 
may be reproduced or distributed in any form or by any means, except as permit-
ted by U.S. copyright law, without the prior written permission of the copyright 
owner.

Library of Congress Control Number: 2013943110

ISBN: 978-1-337-91870-1

Cengage
20 Channel Center Street
Boston, MA 02210 
USA

Cengage is a leading provider of customized learning solutions with employees re-
siding in nearly 40 different countries and sales in more than 125 countries around 
the world. Find your local representative at www.cengage.com.

Cengage products are represented in Canada by Nelson Education, Ltd.

To learn more about Cengage platforms and services, register or access your online 
learning solution, or purchase materials for your course, visit www.cengage.com.

Notice to the Reader
Publisher does not warrant or guarantee any of the products described herein or perform 
any independent analysis in connection with any of the product information contained 
herein. Publisher does not assume, and expressly disclaims, any obligation to obtain and 
include information other than that provided to it by the manufacturer. The reader is 
expressly warned to consider and adopt all safety precautions that might be indicated by 
the activities described herein and to avoid all potential hazards. By following the instruc-
tions contained herein, the reader willingly assumes all risks in connection with such 
instructions. The publisher makes no representations or warranties of any kind, including 
but not limited to, the warranties of fitness for particular purpose or merchantability, nor 
are any such representations implied with respect to the material set forth herein, and 
the publisher takes no responsibility with respect to such material. The publisher shall not 
be liable for any special, consequential, or exemplary damages resulting, in whole or part, 
from the readers’ use of, or reliance upon, this material.

Printed in the United States of America 
Print Number: 01  Print Year: 2018

18701_fm_ptg01_i-xxiv.indd   4 06/05/18   2:36 PM

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



v

tAble oF
contents  
At A glAnce

  Preface xiv
About the Author xxi

section 1 exploring careers in Agricultural Mechanics
unit 1 Mechanics in the World of Agriculture 2
unit 2 Career Options in Agricultural Mechanics 11

section 2 using the Agricultural Mechanics shop
unit 3 Shop Orientation and Procedures 26
unit 4 Personal Safety in Agricultural Mechanics 37
unit 5 Reducing Hazards in Agricultural Mechanics 50
unit 6 Shop Cleanup and Organization 61

section 3 hand Woodworking and Metalworking
unit 7 Hand Tools, Fasteners, and Hardware 72
unit 8 Layout Tools and Procedures 97
unit 9 Selecting, Cutting, and Shaping Wood 119
unit 10 Fastening Wood 138
unit 11 Finishing Wood 153
unit 12 Identifying, Marking, Cutting, and Bending Metal 165
unit 13 Fastening Metal 183

section 4 Power tools in the Agricultural Mechanics shop
unit 14 Portable Power Tools 202
unit 15 Woodworking with Power Machines 224
unit 16 Adjusting and Maintaining Power Woodworking  

  Equipment 247
unit 17 Metalworking with Power Machines 259

section 5 Project Planning
unit 18 Sketching and Drawing Projects 272
unit 19 Figuring a Bill of Materials 289
unit 20 Selecting, Planning, and Building a Project 300

section 6 tool Fitting 
unit 21 Repairing and Reconditioning Tools 314
unit 22 Sharpening Tools 327

18701_fm_ptg01_i-xxiv.indd   5

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



vi Table of Contents at a Glance

 Section 7 Gas Heating, Cutting, Brazing, and Welding
 Unit 23 Using Gas Welding Equipment 342
 Unit 24 Cutting with Oxyfuels and Other Gases 352
 Unit 25 Brazing and Welding with Oxyacetylene 364

 Section 8 Arc Welding
 Unit 26 Selecting and Using Arc Welding Equipment 382
 Unit 27 Arc Welding Mild Steel and GMAW/GTAW Welding 394

 Section 9 Painting
 Unit 28 Preparing Wood and Metal for Painting 424
 Unit 29 Selecting and Applying Painting Materials 436

 Section 10 Power Mechanics
 Unit 30 Fundamentals of Small Engines 454
 Unit 31 Small Engine Maintenance and Repair 468
 Unit 32 Diesel Engines and Tractor Maintenance 491

 Section 11 Electricity and Electronics
 Unit 33 Electrical Principles and Wiring Materials 504
 Unit 34 Installing Branch Circuits 522
 Unit 35 Electronics in Agriculture 534
 Unit 36 Electric Motors, Drives, and Controls 551

 Section 12 Plumbing, Hydraulic, and Pneumatic Systems
 Unit 37 Plumbing 574
 Unit 38 Irrigation Technology 594
 Unit 39 Hydraulic, Pneumatic, and Robotic Power 608

 Section 13 Concrete and Masonry
 Unit 40 Concrete and Masonry 624

 Section 14 Agricultural Structures
 Unit 41 Planning and Constructing Agricultural Structures 646
 Unit 42 Aquaculture, Greenhouse, and Hydroponics Structures 670
 Unit 43 Fence Design and Construction 684

 APPEndix A Projects 700
 APPEndix B Data Tables 763
 APPEndix C Supervised Agricultural Experience 787
 APPEndix d National FFA Career Development Events  
   and Leadership Events 799
   Glossary/Glosario 801
   Index 848

18701_fm_ptg01_i-xxiv.indd   6

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



vii

contents

   Preface xiv
   About the Author xxi

 section 1 exploring careers in Agricultural Mechanics
 unit 1 Mechanics in the World of Agriculture 2

The Role of Agricultural Mechanics 5
The Influence of Mechanization 5
Summary 8

 unit 2 Career Options in Agricultural Mechanics 11
Agriculture Is Number One 13
Agricultural Divisions 14
Career Selection 16
Agricultural Education Programs  18 
Meeting the Challenge 20
Summary 22

 section 2 using the Agricultural Mechanics shop
 unit 3 Shop Orientation and Procedures 26

The Shop as a Place to Learn 27
Policies for Safe Procedures in the Shop 32
Summary 34

 unit 4 Personal Safety in Agricultural Mechanics 37
Safety in the Workplace 38
Safety Colors 40
Focal Colors 42
Protective Clothing and Devices 42
Summary 47

 unit 5 Reducing Hazards in Agricultural Mechanics 50
Reducing Fire Hazards 51
Extinguishing Fires 52
Signs of Danger 55
Emergencies or Accidents 57
Summary 58

 unit 6 Shop Cleanup and Organization 61
A Clean and Orderly Shop 62
Reasons for Keeping the Shop Clean 62
Equipment and Containers Useful for Shop Cleanup 63
Techniques for Effective Cleaning 64
Shop Cleanup Systems 65
Summary 68

18701_fm_ptg01_i-xxiv.indd   7

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



viii Contents

 section 3 hand Woodworking and Metalworking
 unit 7 Hand Tools, Fasteners, and Hardware 72

Tool Classifications 73
Fasteners 81
Hardware 90
Summary 92

 unit 8 Layout Tools and Procedures 97
Materials Used for Layout Tools 99
Systems of Measurement 100
Measuring Tools 101
Squares and Their Uses 105
Squaring Large Areas 109
Dividers and Scribers 110
Levels 110
Lines 110
Using Patterns 111
Summary 115

 unit 9 Selecting, Cutting, and Shaping Wood 119
Characteristics of Wood and Lumber 121
Cutting and Shaping Wood with Saws 129
Cutting and Shaping Wood with Boring and Drilling Tools 131
Cutting a Board to Width 132
Cutting Dados and Rabbets 134
Summary 135

 unit 10 Fastening Wood 138
Types of Joints 139
Fastening with Nails 140
Fastening with Screws 143
Fastening with Bolts 147
Fastening with Glue 147
Using Dowel Pins 148
Summary 150

 unit 11 Finishing Wood 153
Preparing Wood for Finishes 154
Applying Clear Finishes 157
Wood Stains 159
Solvents and Thinners 160
Use and Care of Brushes 161
Summary 163

 unit 12 Identifying, Marking, Cutting, and Bending Metal 165
Identifying Metals 167
Marking Metal 171
Cutting Metal 172
Bending Metal 177
Summary 180

 unit 13 Fastening Metal 183
Making Holes in Metal 184
Threading Metal 187
Fastening Metal Using Bolts and Screws 191

18701_fm_ptg01_i-xxiv.indd   8

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



ixContents

Fastening with Rivets 192
Fastening Metals with Solder 193
Summary 197

 section 4 Power tools in the Agricultural Mechanics shop
 unit 14 Portable Power Tools 202

Safety Precautions 203
Power Cords 204
Air-Driven Tools 205
Portable Drills 208
Portable Sanders 210
Portable Saws 214
Power Routers 218
Summary 220

 unit 15 Woodworking with Power Machines 224
Safety with Power Machines 225
Band Saw 226
Jigsaw 228
Table Saw 230
Radial-Arm Saw 234
Miter Saws 236
Jointer 237
Planers 239
Sanders 241
Summary 242

 unit 16 Adjusting and Maintaining Power Woodworking 247 
   Equipment

Adjusting the Table Saw 249
Adjusting the Band Saw 251
Adjusting the Jointer 253
Adjusting the Planer 255
Summary 257

 unit 17 Metalworking with Power Machines 259
The Drill Press 260
Grinder 261
Metal-Cutting Power Saws 264
Power Shears 266
Metal Benders 267
Summary 267

 section 5 Project Planning
 unit 18 Sketching and Drawing Projects 272

Representing by Sketching and Drawing 273
Elements of a Plan 275
Scale Drawing 277
Making a Three-View Drawing 279
Summary 286

 unit 19 Figuring a Bill of Materials 289
Components of a Bill of Materials 290
Units of Measure 291

18701_fm_ptg01_i-xxiv.indd   9

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



x Contents

Calculating Board Feet 292
Pricing Materials 295
Summary 297

 unit 20 Selecting, Planning, and Building a Project 300
Purposes of Projects 301
Scope of Projects 301
Selecting a Project 303
Preparing a Plan 304
Design 304
Summary 310

 section 6 tool Fitting
 unit 21 Repairing and Reconditioning Tools 314

Protecting Tool Surfaces 316
Repairing Damaged Tools 318
Summary 325

 unit 22 Sharpening Tools 327
Tools Used for Sharpening 328
Cutting Edges 329
Testing for Sharpness 330
Sharpening Tools 330
Summary 337

 section 7 gas heating, cutting, brazing, and Welding
 unit 23 Using Gas Welding Equipment 342

General Safety with Compressed Gases 343
Summary 350

 unit 24 Cutting with Oxyfuels and Other Gases 352
Oxyfuel Processes 353
Characteristics of Oxyfuels 353
Cutting Steel with Oxyfuels 355
Plasma Arc Cutting 361
Summary 362

 unit 25 Brazing and Welding with Oxyacetylene 364
Basics of Soldering, Brazing, and Fusion Welding 365
Brazing and Braze-Welding Procedures 369
Fusion Welding with Oxyacetylene 373
Summary 377

 section 8 Arc Welding
 unit 26 Selecting and Using Arc Welding Equipment 382

Arc Welding Process and Principles 383
Welding Equipment 385
Electrodes 389
Summary 392

 unit 27 Arc Welding Mild Steel and GMAW/GTAW Welding 394
Safety Procedures 395
Setting Up 397
Striking the Arc 398
Running Beads 400
Welding Joints 402

18701_fm_ptg01_i-xxiv.indd   10

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xiContents

Welding in Various Positions 406
Welding Pipe 408
Piercing, Cutting, and Spot Welding 409
GMAW Welding 410
Automated and Robotic Welding 418
Summary 418

 section 9 Painting
 unit 28 Preparing Wood and Metal for Painting 424

Preservatives 426
Preparing Wood for Painting 426
Steam Cleaning Machinery 428
Preparing Machines for Painting 430
Masking for Spray Painting 432
Estimating Paint Jobs 432
Summary 433

 unit 29 Selecting and Applying Painting Materials 436
Selecting Paint 437
Using Brushes 439
Using Rollers 441
Using Aerosols 443
Spray-Painting Equipment 444
Spray-Painting Procedures 446
Summary 450

 section 10 Power Mechanics
 unit 30 Fundamentals of Small Engines 454

Safety Precautions 455
Types of Combustion Engines 455
Engine Systems 459
Summary 465

 unit 31 Small Engine Maintenance and Repair 468
Safety Precautions 469
Tools for Engine Repair 469
Maintenance of Small Engine Systems 469
Troubleshooting and Repair 476
Summary 483

 unit 32 Diesel Engines and Tractor Maintenance 491
How a Diesel Engine Operates 492
Maintaining Diesel Engines and Farm Tractors 494
Summary 501

 section 11 electricity and electronics
 unit 33 Electrical Principles and Wiring Materials 504

Principles of Electricity 505
Electrical Safety 509
Electrical Wiring 510
Summary 519

 unit 34 Installing Branch Circuits 522
The Entrance Panel 524
Wiring Boxes 524

18701_fm_ptg01_i-xxiv.indd   11

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xii Contents

Wiring a Switch and Light 526
Testing a Circuit 528
Wiring Lights with Three-Way Switches 529
Summary 532

 unit 35 Electronics in Agriculture 534
Development of Electronics 536
Principles of Electronics 537
Agricultural Applications 545
Food Distribution 547
Strategies for Maintaining Electronics Equipment 548
Summary 548

 unit 36 Electric Motors, Drives, and Controls 551
Selecting Electric Motors 552
Interpreting Nameplate Information 555
Motor Drives 555
Electric Motor Controls 558
Maintaining Motors, Drives, and Controls 569
Summary 569

 section 12 Plumbing, hydraulic, and Pneumatic systems
 unit 37 Plumbing 574

Tools for Plumbing 575
Identifying, Selecting, and Connecting Pipe 577
Identifying Pipe Fittings 582
Maintaining Water Systems 582
Summary 591

 unit 38 Irrigation Technology 594
Irrigation Planning 595
Water Requirements 595
Irrigation Systems 596
Managing Irrigation 602
Summary 605

 unit 39 Hydraulic, Pneumatic, and Robotic Power 608
Principles of Fluid Dynamics 609
Hydraulic Systems 614
Filtering Systems 617
Pneumatic Systems 618
Robotics 618
Summary 620

 section 13 concrete and Masonry
 unit 40 Concrete and Masonry 624

Masonry Construction 625
Concrete Construction 625
Mixing Concrete 628
Estimating Materials for a Job 630
Preparing Forms for Concrete 630
Insulating Concrete Floors 631
Making Joints 632
Reinforcing Concrete 632

18701_fm_ptg01_i-xxiv.indd   12

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xiiiContents

Pouring, Finishing, and Curing Concrete 633
Laying Masonry Units 635
Summary 642

 Section 14 Agricultural Structures
 Unit 41 Planning and Constructing Agricultural Structures 646

Planning Agricultural Buildings 647
Constructing Agricultural Buildings 649
Building Materials 649
Laying out Stairs and Rafters 657
Insulating Agriculture Structures 658
Rope Work in Agricultural Settings 663
Summary 666

 Unit 42 Aquaculture, Greenhouse, and Hydroponics Structures 670
Environmental Structures Used in Aquaculture 671
Greenhouses 675
Hydroponics 680
Summary 681

 Unit 43 Fence Design and Construction 684
Early Uses of Fences 685
Modern Fences 686
Constructing Fences 691
Summary 693

 Appendix A Projects 700
 Appendix B Data Tables 763
 Appendix C Supervised Agricultural Experience 787
 Appendix d National FFA Career Development Events  
   and Leadership Events 799
   Glossary/Glosario 801
   Index 848

18701_fm_ptg01_i-xxiv.indd   13

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xiv

substitute teachers. It also provides easy methods to 
assess student progress. Each unit is part of a sec-
tion, and each includes (1) a statement of objective, 
(2) competencies to be developed, (3) a list of new 
terms, (4) a materials list, (5) highly illustrated text 
material, (6) student activities, and (7) self-evalua-
tion. This edition contains updated relevant websites 
that provide more information on the unit topics. All 
new terms are carefully defined in the text as well as 
in the glossary.

The appendices include 40 project plans with bills 
of materials and construction procedures. The projects 
were carefully selected to match the skills covered in 
the text. Plans include some projects that have become 
classics in the field, some that cover targeted enter-
prises, and some that are new and innovative. The 
projects were also chosen because they are used in high 
school agriculture/agribusiness, agriscience, or related 
programs.

The appendices also include 36 tables contain-
ing information for estimating, planning, selecting, 
purchasing, and building in agricultural mechanics. 
The project plans, tables, glossary, and index provide 
unique reference materials that, for many users, are 
alone worth the price of the text.

Agricultural mechanics is one of the most widely 
taught courses in agricultural education programs. It 
is taught in all 50 states and is considered to be among 
the most useful courses taught. Like any applied sci-
ence, this discipline is constantly changing as new 
advances are made and new techniques and equipment 
are put into use. Agricultural Mechanics: Fundamentals  
and Applications has for many years been a standard 
text for students studying agricultural mechanics. 
It grew out of the need for an easy-to-read, easy-to-
understand, and highly illustrated text on modern agri-
cultural mechanics for high school and post-secondary 
programs. This edition addresses the specific needs of 
students enrolled in agriscience, production agricul-
ture, ornamental horticulture, agribusiness, agricul-
tural mechanics, and natural resources programs. All 
of these areas require basic knowledge and skills in 
mechanics to succeed in a career path. The text starts 
with very basic and general information, such as career 
opportunities, and then provides instruction on basic 
mechanical skills and applications.

This seventh edition focuses on additional tech-
nical information, as needed, throughout. The text 
is consistent in format, easy to use for individual-
ized instruction, easy to teach from, and simple for 

PreFAce
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xv

AgriculturAl 
MechAnics
new and 
enhanced content 
for seventh edition

The Precision Exam 
Edition of Agricultural 
Mechanics: Fundamen-

tals and Applications, 7E combines current top-notch 
content with new information aligned to Precision 
Exams’ Agricultural Systems Technology I exam, part 
of the Agriculture, Food and Natural Resources Career 
Cluster. The Agriculture, Food and Natural Resources 
pathway connects industry with skills taught in the 
classroom to help students successfully transition from 
high school to college and/or career. For more infor-
mation on how to administer the Agricultural Systems 
Technology I exam or any of the 170+ exams available 
to your students, contact your local NGL/Cengage 
Sales Consultant.

Features that remain in this enhanced text, and 
continue to engage and educate students, include the 
following:

•	 Updated statistics dealing with agricultural 
mechanics.

•	 Expanded coverage of safety using power hand 
tools, stationary power equipment, and other areas.

•	 Updated Relevant Websites at the end of each unit 
provide clearer search information in the event 
web links change or become out of date.

•	 Integrates agricultural mechanization with plant, 
animal, and environmental sciences to provide  
students with a broad view of the world of  
agriculture.

•	 Every unit combines theory with practice.
•	 Mathematical skill development is emphasized 

throughout.
•	 Each unit has been updated to include the latest 

information on agricultural mechanics.
•	 Over 350 new and modernized illustrations and 

photographs offer improved detail and modern 
equipment related to small engines and power 
mechanics, plumbing, planning and constructing 
agricultural structures, and more. New photos 
depict actual high school students working in the 
agricultural mechanics workshop.

unit sPeciFic uPdAtes
units 1 through 3

•	 Many of the photos in these units have been 
replaced with updated images that depict modern 
equipment, practices, and professionals in the 
field of agricultural mechanics.

unit 4: Personal safety in 
Agricultural Mechanics

•	 New photographs related to workplace safety, 
including guards or shields on moving parts, safety 
switches, first aid stations, radiation hazards, wear-
ing eye protection, coveralls, and work boots

unit 5: reducing hazards in 
Agricultural Mechanics

•	 New images related to electrical fires, fire extin-
guisher safety, and fire classification

unit 6: shop cleanup and 
organization

•	 New photos of a clean work shop and a dust col-
lector/dust collection ducts

unit 7: hand tools, Fasteners, 
and hardware

•	 No changes aside from Relevant Websites

unit 8: layout tools and 
Procedures

•	 New images of layout tools, stainless steel tools, 
aluminum tools, plastic tools

•	 New image showing how patterns can be made 
from fiber board or card stock
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xvi Agricultural Mechanics

device; blades with carbide tips; using a radial-
arm saw, a miter saw, a sliding compound miter 
saw, proper standing position when feeding a 
board into a planer, etc.

•	 New information related to a newer type of locking 
table saw that protects against finger/hand injuries

•	 Updated safety information related to sawing and 
cross cutting

•	 New paragraph and photo illustrating careless use 
of a table saw

unit 16: Adjusting and 
Maintaining Power 
Woodworking equipment

•	 No changes aside from Relevant Websites

unit 17: Metalworking with 
Power Machines

•	 New photos of a grinding wheel, wire wheels, a 
tool rest, and an abrasive cutoff saw

•	 New safety information and photo related to 
grinders

unit 18: sketching and 
drawing Projects

•	 New images providing updated examples of 
sketching and drawing projects

units 19 and 20
•	 No changes aside from Relevant Websites

unit 21: repairing and 
reconditioning tools

•	 New images of various tools, including types of 
farm and household tools, metal tools, a mush-
roomed head, a wedge, an improperly installed 
handle, and a split handle

unit 22: sharpening tools
•	 New images of a hand stone, bench stones, sharp-

ening a rotary mower blade
•	 New information and an image of an overheated 

tool with damaged temper

•	 New images illustrating CAD (computer-aided 
design) and 3-dimensional designs

unit 9: selecting, cutting, and 
shaping Wood

•	 New images of green lumber, rough lumber, a 
kerf, and files

•	 New images of drying lumber (stacking to air dry 
and drying in kilns)

unit 10: Fastening Wood
•	 Expanded discussion of using biscuit joints
•	 New photo of deck screws
•	 New photo and information on lag screws

unit 11: Finishing Wood
•	 Updates related to types of fillers and wood-fin-

ishing products
•	 New photos of proper sanding technique, apply-

ing clear finishes, applying an oil finish, applying 
polyurethane, applying lacquer, and applying 
penetrating wood stains

unit 12: identifying, Marking, 
cutting, and bending Metal

•	 New images of structural steel, iron, cast iron, 
wrought iron, and the carbon content of steel, 
stainless steel, aluminum, copper, and lead

unit 13: Fastening Metal
•	 New image and information on taps and dies
•	 Updated images of soldering

unit 14: Portable Power tools
•	 New photos of portable power tools (cordless 

drill, handsaw, belt sander, finishing sander, saber 
saw, reciprocating saw) and a ground-fault circuit

unit 15: Woodworking with 
Power Machines

•	 New photos related to safe operation of machin-
ery using safety guards, eye and hearing protec-
tion; using a bandsaw, jigsaw blades, a contractor’s 
saw, table saw blade guard, and anti-kickback 
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xviiAgricultural Mechanics

unit 29: selecting and 
Applying Painting Materials

•	 Updated information about enamels including inte-
rior and exterior enamels along with a new photo

•	 Updated information about paint color and color 
matching, including a new photo

•	 Expanded information about different types of 
paintbrushes and when to use each kind, includ-
ing a new photo

•	 Updated photos depicting painting with brushes, 
applying paint with a roller, and an HVLP spray gun

unit 30: Fundamentals of small 
engines

•	 New photos of early engines powered by steam; 
use of eye and ear protection and proper shoes 
when using small engine equipment

•	 New images of a modern two-cycle engine, piston 
rings, and a type of governor

•	 New information about gasoline additives
•	 New information and images related to setting 

the gap using a spark plug gauge when replacing 
spark plugs

unit 31: small engine 
Maintenance and repair

•	 Minor updates related to additives and gasoline 
volatility

•	 New photos of spark plugs—one in good condi-
tion and one in need of replacement; setting the 
gap using a spark plug gauge

•	 New photo and reference to lubricating  
linkages

•	 Updated illustrations throughout this unit better 
depicting changing oil, the flywheel key, pulling a 
flywheel, checking valve stem clearance, and other 
tasks related to small engine maintenance and 
repair

•	 New photo and information related to OHC 
(overhead cam)

unit 32: diesel engines and 
tractor Maintenance

•	 New photos of a diesel engine; inventor Rudolf 
Diesel; modern diesel engines; checking oil; 
a hydrometer; a dirty radiator/grill to illus-
trate importance of regular cleaning; proper 

•	 New information and images related to various 
types of knife sharpeners

•	 New image depicting the last step in sharpening a 
wood chisel (lay the blade on its back and remove 
the wire edge)

•	 New information and images depicting the 
 differences between a dull drill bit and a sharp 
drill bit

unit 23: using gas Welding 
equipment

•	 New information about acetylene gas including 
precautions when using

unit 24: cutting with oxyfuels 
and other gases

•	 New images related to cutting torches and the 
brazing process

•	 Updated photo of plasma arc cutting

unit 25: brazing and Welding 
with oxyacetylene

•	 No changes aside from Relevant Websites

unit 26: selecting and using 
Arc Welding equipment

•	 New photos of a welding machine
•	 New information about proper storage of electrodes 

along with images of corroded electrodes

unit 27: Arc Welding Mild steel 
and gMAW/gtAW Welding

•	 New photo related to proper positioning of an 
electrode

•	 Updated photos and images related to welding 
equipment and personal protective equipment

•	 New photos of plasma arc welding and auto-
mated/robotic welding

unit 28: Preparing Wood and 
Metal for Painting

•	 New photo related to primer
•	 Updated photos of using wood preservatives and 

removing loose paint
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xviii Agricultural Mechanics

unit 37: Plumbing
•	 Most illustrations in this unit updated to modern-

ize the fixtures and equipment shown, including 
the steps for soldering or sweating copper tubing, 
the steps involved in cementing plastic pipe, plas-
tic vent and drain systems, common pipe fittings 
and valves, parts of a washer-type faucet, and 
parts of float valve and flush valve assemblies

•	 New and updated photos depicting a pipe wrench 
and pipe vise; a tube cutter; using a flaring tool; 
and tools used for cutting plastic pipe

unit 38: irrigation technology
•	 Several new illustrations including updated depic-

tions of irrigation wells and plant rooting pattern 
and moisture sensor placement

unit 39: hydraulic, Pneumatic, 
and robotic Power

•	 Updated illustrations of automotive braking sys-
tems and hydraulic systems

unit 40: concrete and Masonry
•	 New photos related to the history of masonry; 

sizes of aggregates; slag; recycling concrete; sand 
being flushed with water to remove clay and silt; 
and a broom finish

•	 Updated illustrations related to proper form con-
struction and pouring and floating concrete

unit 41: Planning and 
constructing Agricultural 
structures

•	 No changes aside from updates to Relevant Websites

unit 42: Aquaculture, 
greenhouse, and hydroponics 
structures

•	 Updated photos of net pens; mechanical aerators; 
fish feeders; maintenance of dissolved oxygen 
levels; greenhouse production; types of green-
houses; fans; cooling pad; hydroponic crops; and 
trickle irrigation

maintenance of tires (tire gauge); cleaning grease 
fittings; and batteries

•	 New illustration of an injector pump
•	 Updated illustrations of oil flow through an 

oil filter; the function of the radiator; properly 
adjusting tension on drive belt

•	 New information about air filtering systems in 
the fuel system including a new series of photos 
related to cleaning a modern dry filter

•	 New photos related to hydraulic system mainte-
nance including use of a dipstick to monitor fluid 
levels; servicing fluid filters; and disconnecting 
quick couplings

unit 33: electrical Principles 
and Wiring Materials

•	 Expanded information and a new photo related to 
fluorescent lighting

•	 Updated images illustrating magnetism, including 
a new photo of a strong magnet

•	 New photos of the commutator and the armature, 
and a modern electric motor

•	 New photos or nonmetallic sheathed cable, 
armored cable, and conduit

unit 34: installing branch 
circuits

•	 New photos related to new work installations; 
wiring boxes; wire nuts; using a wire stripper; 
connecting wire to a fixture

unit 35: electronics in 
Agriculture

•	 Updated photos of modern electronic devices; 
resistors; analog and digital meters; an oscillo-
scope; integrated circuit packages; water analysis 
equipment; diode packages; and microcomputers

unit 36: electric Motors, drives, 
and controls

•	 New image of a modern electric motor
•	 Updated illustrations depicting a power genera-

tion and distribution system and the movement of 
electrical current from the local transformer to a 
building’s distribution panel
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xixAgricultural Mechanics

experience for the student and teacher. This MindTap 
is highly customizable and combines an enhanced, 
interactive ebook along with a multitude of engaging 
activities and assignments including powerpoint, vid-
eos, matching, image labeling, crossword puzzles, job 
sheets, and auto-graded quizzing to enable students  
to directly analyze and apply what they are learning 
and allow teachers to measure skills and outcomes 
with ease.

clAssMAster cd-roM  
to AccoMPAnY 
AgriculturAl 
MechAnics, 7th  
edition
ISBN-13: 978-1-28505-899-3
This technology supplement provides the instructor 
with valuable resources to simplify the planning and 
implementation of the instructional program. It has 
been expanded for this edition to include the following 
support materials:

•	 A PDF Instructor’s Manual provides objectives, 
competencies, glossary terms with definitions, 
and answers to the end-of-unit question. New to 
this edition, the instructor’s manual now includes 
lesson plan outlines for each unit with suggested 
class activities, a correlation guide to the National 
AFNR Career Cluster Standards, and additional 
suggested resources.

•	 A PDF Lab Manual Instructor’s Guide pro-
vides answers to lab manual exercises and 
additional guidance for the instructor. It has 
been expanded for this edition to include more 
answer keys for the lab exercises found in the 
lab manual.

•	 A computerized test bank created in ExamView® 
makes generating tests and quizzes a snap. 
Expanded to include 1,500+ questions with dif-
ferent question formats to choose from, you can 
create customized assessments for your students 
with the click of a button. Add your own unique 
questions and print rationales for easy class 
preparation.

•	 Instructor support slide presentations that can 
be customized in PowerPoint® format focusing 
on key points for each chapter. There is a slide 

unit 43: Fence design and 
construction

•	 No changes aside from Relevant Websites

extensive teAching/ 
leArning PAckAge
The complete supplement package was developed to 
achieve two goals:

 1. To assist students in learning the essential infor-
mation needed to continue their exploration into 
the exciting field of agricultural mechanics

 2. To assist instructors in planning and implement-
ing their instructional programs for the most effi-
cient use of time and other resources

lAb MAnuAl to 
AccoMPAnY 
AgriculturAl 
MechAnics, 7th edition
ISBN-13: 978-1-28505-901-3
This comprehensive workbook tests students’ knowl-
edge and reinforces learning of text content. Job sheets 
for each unit include an objective, tools and materi-
als needed, and a procedure with short-answer ques-
tions, procedural checklists, image labeling activities, 
or other activities meant to reinforce comprehension 
of unit content.

MindtAP For 
AgriculturAl 
MechAnics: 
FundAMentAls And 
APPlicAtions, 7e 
Precision exAMs 
edition
The MindTap for Agricultural Mechanics: Fundamentals 
and Applications, 7E Precision Exams Edition fea-
tures an integrated course offering a complete digital 
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xx Agricultural Mechanics

instructor coMPAnion 
Website
NEW! The instructor companion website provides 
online access to many of the instructor support 
materials provided on the ClassMaster CD-ROM, 
including the Instructor’s Manual, Lab Manual 
Instructor’s Guide, computerized test bank files, 
correlation guides, and support slides. To access the 
available materials, sign up for a faculty account at 
login.cengage.com. Add the core textbook to your 
bookshelf using the 13-digit ISBN that appears on 
the back cover of the textbook.

presentation for each unit available to accompany 
the textbook.

•	 New! An Image Library with all of the 
 illustrations from the textbook can be used 
in slide presentations or as part of classroom 
discussion.

•	 New! Correlation guides include content 
 mapping to STEM, National AFNR Career 
Cluster Standards, and National Science 
Standards.
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xxiii

hoW to use this 
textbook

Agricultural Mechanics: Fundamentals and 
Applications has been carefully designed to 
enhance the study of mechanics and technology 
in agriscience programs. For best results, you may 
want to become familiar with the features incor-
porated into this text and accompanying learning 
tools.

Each unit begins with the following tools:

•	 a core objective explains the purpose of the 
unit;

•	 competencies to be developed list specific 
goals to meet as you read and review the 
unit;

•	 a materials list identifies items you will need 
to complete the unit; and

•	 a list of Terms to Know identifies key vocabu-
lary to master.

sPeciAl FeAtures
•	 Hundreds of new full-color photographs 

provide up-to-date visual references for 
the procedures described throughout the 
textbook.

•	 Procedures are highlighted throughout the 
textbook in order to highlight the basic steps 
in performing specific tasks covered in each 
unit.

•	 Notes emphasize important items you 
should be aware of before proceeding with a 
unit.
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xxiv How to Use This Textbook

•	 Caution! features indicate safety precautions 
you need to be aware of.

•	 End of unit review materials include:

° a unit summary;
° student activities, including supervised 

agricultural experiences;
° a list of relevant websites for further infor-

mation and research; and
° Self-Evaluations, which allow you to review 

the unit content using multiple choice, 
matching, and completion question.

other resources 
AvAilAble

•	 The appendices offer numerous project plans 
with bill of materials and construction proce-
dures as well as tables containing information 
for estimating, planning, selecting, purchasing, 
and building in agricultural mechanics.

•	 An English–Spanish glossary with over 425 
definitions provides an excellent study aid and 
reference.

18701_fm_ptg01_i-xxiv.indd   24

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).  
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Unit 1 
•	Mechanics in the World of 

Agriculture

Unit 2 
•	Career Options in Agricultural 

Mechanics

Section 1

Exploring CarEErS 
in agriCUltUral 

MEChaniCS
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terms to Know
•	agriculture
•	agriscience
•	renewable	natural	

resources
•	agricultural	mechanics
•	efficiency

Unit 1

Mechanics in 
the World of 
agriculture

Materials list
•	Pencil

•	Paper

•	Encyclopedias

Competencies to be developed
After	studying	this	unit,	you	should	be	able	to:

•	Define	agriculture	and	agricultural mechanics.

•	Define	occupation	and	describe	an	occupational	cluster.

•	Describe	the	role	of	mechanics	and	mechanical		
applications	in	society.

•	Demonstrate	knowledge	of	contributions	made	by	
mechanical	application	to	the	development	of	agriculture.

•	Name	eight	inventors	of	important	agricultural	machines.

objective
To	determine	how	mechanical	skills,	concepts,	and	prin-
ciples	are	used	in	agriculture	and	related	occupations.
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3Unit 1 • Mechanics in the World of Agriculture

t o	 many	 people,	 the	 term	 agriculture	 refers	
to	 	production	 agriculture—farming	 or	 the	
	production	 of	 plants	 and	 animals.	 However,	

	agriculture	 is	 a	 very	 broad	 industry	 that	 includes	
not	 only	 	producing	 plants	 and	 animals,	 but	 also	 all	
the	 related	 supplies,	 	services,	 mechanics,	 products,	
	processing,	and		marketing	related	to	producing	plants	
and		animals,	and		keeping	the	environment	sound.

Agriculture	is	a	very	complex	industry.	The		industry	
produces	 plant	 and	 animal	 products	 from	 which	
	thousands	 of	 commodities	 are	 made.	 Because	 every	
person	and	many	industries	depend	upon		agriculture,	
it	 is	 said	 to	 be	 a	 basic	 industry.	 Some	 	products	 of	
	agriculture	 are	 food,	 oils,	 fiber,	 lumber,	 ornamental	
trees	and	shrubs,	flowers,	leather,		fertilizers,	feed,	seed,	
and	 more.	 Basic	 agricultural	 products	 form	 the	 raw	
materials	for	many	items	of	everyday		living.

Fabrics	for	clothing,	curtains,	and	floor		coverings	
are	made	from	oils	such	as	corn	oil,	soybean	oil,	and	
cottonseed	 oil.	 Plastics	 of	 all	 kinds	 are	 also	 made	
from	vegetable	 oils.	 Products	 from	animals	 are	used	
to	 make	 materials	 such	 as	 glue,	 leather,	 and	 paint.	
Many	medicines	come	from	plants	and	animals.	The	
	manufacture	 of	 automobiles,	 furniture,	 airplanes,	
radios,	stereos,	and	computers	depends	on		agriculture	
for	certain	raw	materials.	The		construction	of	homes,	
boats,	and	factories	depends	on	agriculture	for	lumber,	
fiber,	 and	 other	 basic	 commodities.	 Most	 	dwellings	
in	America	are	surrounded	by	lawn,	shrubs,	or	other	
plants	 for	 beautification.	 These	 are	 also	 	agricultural	
	commodities.

Agriculture	 is,	 indeed,	 a	 basic	 industry	 upon	
which	 all	 people	 depend.	 It	 is	 the	 backbone	 of	 the	
American	society.	Even	 though	 the	number	of	 farms	
has	 dramatically	 decreased	 over	 the	 past	 150	 years,	
the	 amount	 of	 agricultural	 production	has	 increased	
manifold.	 For	 example,	 in	 1940	 there	 were	 about		
6.5	million	U.S.	 farms	 and	 one	 farmer	 fed	 about	 19		
people.	 Today	 there	 are	 a	 little	 over	 2.2	million	U.S.	
farms.	Of	these,	98	percent	are	family	farms	with	only	
about	 2	 percent	 corporate	 operations.	 The	 families	
who	live	on	and	operate	our	farms	and	ranches	com-
prise	only	about	2	percent	of	the	U.S.	population.	The	
producers	 have	 become	 so	 efficient	 that	 one	 farmer	
feeds	 about	 155	 people	 (Figure	 1-1).	A	 lot	 of	 differ-
ent	 factors	 contributed	 to	 this	 increase	 in	 efficiency.	
Scientific	research	that	developed	better	varieties,	more	
efficient	 fertilization	 programs,	more	 effective	 insect	
and	disease	control,	and	an	overall	better	understand-
ing	of	how	plants	and	animals	 reproduce	has	been	a	
tremendous	 factor.	However,	 just	as	 important	 is	 the	
development	 of	 agricultural	 mechanics	 that	 brought	

electricity	to	all	rural	areas	and	developed	the	marvel-
ous	machines	and	implements	that	made	human	labor	
much	more	efficient.

The	 term	 agriscience	 refers	 to	 the	 science	
involved	with	the	industry	of	agriculture.	Agriculture	
is	 a	 science	 that	 involves	most	 of	 the	 knowledge	we	
process	 concerning	 the	 growth	 and	 reproduction	 of	
plants	 and	 animals.	 In	 fact,	 when	 one	 considers	 all	
the	vast	knowledge	we	have	in	biology,	there	are	only	
three	applications:	medicine,	ecology,	and		agriculture.	
Agriculture	 plays	 a	 vital	 role	 in	 both	 medicine	 and	
ecology,	 so	 our	 knowledge	 in	 biology	 is	 applied	 in	
agriculture.

Renewable natural resources	 are	 considered	
to	 be	 a	 part	 of	 agriculture.	 These	 are	 the	 resources	
provided	by	nature	that	can	be	replaced	or	renewed.	
Examples	of	such	resources	are	our	forests;	fish	in	our	
streams,	 lakes,	 and	oceans;	 and	our	wildlife	 such	 as	
game	 animals.	 At	 one	 time	 most	 natural	 resources	
were	not	managed,	 and	humans	 relied	on	nature	 to	
replenish	 the	resources.	As	our	population	began	 to	
grow,	nature	could	not	replenish	natural	resources	as	
fast	 as	 they	were	 being	 consumed.	A	 large	 industry	
began	to	develop	that	helps	to	manage	our	resources.	
Most	 U.S.	 forestland	 is	 now	managed—in	 terms	 of	
planting	and	cultivating	trees,	regulating	harvesting,	
and	managing	fire-control	efforts	(Figure	1-2).	Large	
hatcheries	now	produce	young	fish	that	are	released	
into	 the	 wild.	 Both	 commercial	 and	 sport	 fishing	
are	closely	regulated	to	prevent	the	depletion	of	fish	
populations.	 Game	 animals	 are	 closely	 regulated	 to	
	prevent	overhunting	and	to	control	population	num-
bers	 to	 prevent	 overpopulation	 (Figure	 1-3).	 Just	
think	of	all	the	industry	that	is	needed	to	support	the	
management	and	enjoyment	of	our	natural	resources!		

Figure 1-1 The average American farmer produces enough food 
to feed about 155 people.
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4 SECtion 1 • Exploring Careers in Agricultural Mechanics

Think	 of	 all	 the	 industry	 that	 goes	 with	 fishing—
everything	from	the	production	of	fishing	lures,	rods	
and	reels	to	fishing	boats.

American	 farmers	 are	 among	 the	 world’s	 most	
efficient	 businesspeople.	Much	 of	 this	 efficiency	 and	
success	 is	 due	 to	 the	 invention,	 development,	 and	

Figure 1-3 Game animals account for a significant part of our 
natural-resource industry.
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Figure 1-4 Workers in agricultural mechanics are responsible 
for the design, manufacture, testing, sales, and service of farm 
machinery.
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Figure 1-5 Agricultural construction is an important part of 
agricultural mechanics.
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maintenance	 of	modern	 farm	machinery.	 Also,	 con-
sider	all	the	machinery	needed	to	plant,	cultivate,	and	
harvest	trees	(Figure	1-4).	Consider	all	 that	goes	into	
the	 construction	 and	 maintenance	 of	 buildings	 that	
house	agricultural	products,	equipment,	supplies,	and	
machinery.	 A	 large	 industry	 is	 built	 around	 agricul-
tural	construction	(Figure	1-5).

Figure 1-2 Managed forests are a renewable resource.
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5Unit 1 • Mechanics in the World of Agriculture

thE rolE of 
agriCUltUral 
MEChaniCS
Mechanical	 applications	 are	 found	 throughout	 agri-
culture.	A	few	examples	of	people	whose	occupations	
involve	agricultural mechanics	are:

•	 the	engineer	who	designs	tractors	and	other	farm	
and	ranch	machines	(Figure	1-6)

•	 the	forester	who	keeps	chainsaws	and	other	
equipment	going

•	 the	builder	who	constructs	processing	plants,	
farm	buildings,	and	aquaculture	facilities

•	 the	electrician	who	installs	climate	controls,	silo	
unloaders,	and	milling	equipment

•	 the	soil	conservationist	who	constructs	terraces	to	
control	erosion

•	 the	hardware	store	employee	who	obtains	and	
stocks	repair	parts	for	agricultural	tools	and	
machines	(Figure	1-7)

•	 the	specialist	who	creates	air-conditioning	and	
refrigeration	systems	in	processing	and	storage	
facilities

•	 the	specialist	who	designs	and	installs	drainage	
and	irrigation	systems	for	fields,	turf,	landscaping,	
and	golf	courses	(Figure	1-8)

•	 the	lawn	equipment	service	mechanic	who	repairs	
lawn	tractors

•	 the	welder	who	repairs	farm	machinery
•	 the	mechanic	who	keeps	diesel	trucks	and	

machines	in	good	repair

Processing	plants	 for	 field	 crops,	 livestock,	 poul-
try,	fruits,	and	vegetables	all	use	machinery.	Machines	

require	 designers,	 engineers,	 operators,	 maintenance	
and	repair	personnel,	and	construction	workers.	Even	
people	with	jobs	in	finance,	publishing,	and	communi-
cations	may	need	some	knowledge	of	mechanics	when	
their	assignments	deal	with	agriculture.	All	are	 likely	
to	use	 computers	 and	 computer	 applications	 in	 their	
work.

thE inflUEnCE of 
MEChanization
At	 the	birth	of	 the	United	 States	 in	 1776,	more	 than	
90	 percent	 of	 the	 American	 colonists	 were	 farmers,	
yet	 many	 of	 General	 Washington’s	 troops	 at	 Valley	
Forge	 died	 for	 lack	 of	 food	 and	 clothing.	Today,	 less	
than	10	percent	of	all	Americans	work	in	production	

Figure 1-7 Machinery parts can be ordered by computer.

Figure 1-8 Agricultural mechanics is needed in urban areas. 
Ball fields, parks, and golf courses rely on machinery to  
install and maintain turf, plants, and landscaping.

Figure 1-6 Engineers are needed to design machinery.
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6 SECtion 1 • Exploring Careers in Agricultural Mechanics

agriculture,	 yet	 there	 are	 generally	 food	 surpluses	 in	
America.	The	ratio	of	farm	workers	to	nonfarm	work-
ers	 in	 America	 approximately	 reversed	 in	 the	 last		
230	 years.	 In	 1776,	 the	 farm-to-nonfarm	 ratio	 was	
approximately	 9:1.	 Today,	 the	 ratio	 of	 production	
agricultural	 workers	 to	 the	 remaining	 population	 is	
approximately	1:9.	Mechanization	has	played	a	major	
role	 in	 this	 rise	 in	 production	 efficiency.	 Efficiency	
means	the	ability	to	produce	with	a	minimum	waste	of	
time,	energy,	and	materials.

America	 provided	 the	 inventors	 for	 many	 of	 the	
world’s	 most	 important	 agricultural	 machines.	 For	
example,	grain	has	always	been	a	basic	food	for	humans.	
For	thousands	of	years	people	have	planted,	cultivated,	
and	harvested	grain	to	eat	whole	or	to	make	bread.	One	
of	the	most	labor-intensive	jobs	was	that	of	cutting	the	
plants	and	threshing	out	the	grain.	This	was	done	from	
prehistoric	times	until	the	early	part	of	the	1800s.	Cyrus	
McCormick	 invented	 the	 reaper	 in	 1834	 to	 cut	 small	
grain	crops.	This	machine	used	horse	power	to	pull	the	
reaper	that	cut	the	mature	grain	plants.	This	allowed	one	
person	to	do	the	work	of	many	people	and	the	labor	was	
easier.	This	still	 left	the	job	of	threshing	out	the	wheat.	
Later,	a	machine	called	a	combine	was	invented,	which	
both	cut	and	threshed	the	grain	in	the	field.	The	name	
combine	was	adopted	because	the	machine	combined	the	
job	of	cutting	and	threshing.	Today,	one	modern	com-
bine	operator	can	cut	and	thresh	as	much	grain	in	one	

day	as	100	people	could	cut	and	bundle	in	one	day	in	the	
1830s	(Figure	1-9).

Two	inventions	had	a	profound	influence	on	the	
settling	of	this	country.	The	first	was	by	a	man	named	
John	Deere,	who	developed	a	steel	plow	that	replaced	
an	 iron	 plow	 invented	 by	 Thomas	 Jefferson.	 The	
plow,	invented	by	Deere	in	1837,	allowed	farmers	to	
break	up	the	tough	sod	that	previously	had	prevented	
pioneers	 from	 cultivating	 the	 rich	 prairie	 soils.	
Previously	plowshares	(the	parts	that	cut	through	the	
soil)	were	made	either	of	wood	or	cast	iron.	Both	of	
these	materials	were	so	heavy	that	the	plow	could	not	
be	drawn	through	the	sod.	Deere	constructed	plow-
shares	 out	 of	 steel	 that	was	 both	 lighter	 and	 tough	
enough	to	cut	through	the	sod.	Settlers	inhabited	all	
of	the	Midwest	and	Plains	region	where	so	much	of	
our	food	is	grown	today.	From	this	beginning,	John	
Deere	 became	 one	 of	 the	world’s	 leading	manufac-
turers	 of	 agricultural	 and	 construction	 implements	
(Figure	1-10).

The	other	invention	that	affected	settlement	was	
by	Eli	Whitney,	who	 developed	 a	machine,	 called	 a	
gin	(short	for	“engine”),	to	remove	seeds	from	cotton.	
Prior	 to	 his	 invention	 in	 1793,	 seeds	were	 removed	
from	 cotton	by	hand.	The	 seeds	 could	 be	 separated	
from	 the	 cotton,	 but	 it	 was	 a	 time-consuming	 task.	
Another	 problem	 was	 the	 type	 of	 cotton	 grown.	
Cotton	 with	 loose	 seeds	 was	 the	 Sea	 Island	 or	

Figure 1-9 A combine cuts and threshes grain in one operation.
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7Unit 1 • Mechanics in the World of Agriculture

long-staple	 variety	 that	 would	 grow	 only	 along	 the	
coast	 of	 Georgia	 and	 the	 Carolinas.	 Upland	 cotton	
would	grow	anywhere	in	the	South,	but	the	seeds	of	
this	type	were	almost	impossible	to	separate	by	hand.	
Whitney’s	gin	not	only	saved	labor,	but	it	also	opened	
up	the	entire	southern	portion	of	the	nation	for	culti-
vation	of	upland	cotton.

The	 power	 for	 agricultural	 machines	 was	 first	
supplied	by	horses,	oxen,	and	mules.	Later,	as	heavier	
and	more	complex	machines	were	developed,	power	
was	 supplied	 by	 steam.	 Steam	 engines	 had	 proven	
to	 be	 very	 effective	 in	 powering	 boats,	 ships,	 and	
trains.	 They	 provided	 more	 power	 than	 animals,	
but	 they	were	extremely	heavy	and	cumbersome	on	
land	 (Figure	1-11).	The	 internal	 combustion	 engine	
made	 machines	 tremendously	 efficient.	 Machinery	
equipped	 with	 these	 relatively	 lightweight,	 power-
ful	 engines	 replaced	 the	 steam-powered	 machines,	

revolutionizing	 the	 production	 of	 food	 and	 fiber.	
Today,	 most	 of	 the	 machinery	 used	 in	 agricultural	
production	 is	 based	 on	 the	 internal	 combustion	
engine.

Perhaps	 no	 invention	 has	 had	 more	 impact	 on	
agriculture	and	on	the	lives	of	people	than	the	inven-
tion	 of	 refrigeration.	 Prior	 to	 its	 invention,	 produce	
and	meats	had	to	be	sold	fresh,	and	their	shelf	life	was	
very	short.	With	mechanical	refrigeration,	meats	and	
produce	 could	 not	 only	 be	 stored	 much	 longer,	 but	
could	also	be	transported	long	distances.	Refrigerated	
railcars	 and	 trucks	 allowed	 livestock,	 fruits,	 and	veg-
etables	to	be	produced	in	one	part	of	the	country	and	
shipped	across	the	country	to	large	cities.	For	the	first	
time	in	history,	people	could	have	fresh	meats	and	veg-
etables	year-round.

The	machines	discussed	here	are	only	a	few	of	the	
ones	that	have	revolutionized	agriculture.	Our	entire	
modern	 agricultural	 industry	 is	 based	 on	 complex,	
efficient	 machinery	 that	 performs	 crucial	 roles,	 all	
the	 way	 from	 the	 research	 laboratories	 that	 develop	
	agricultural	inputs	to	the	businesses	that	harvest,	store,	
process,	and	transport	commodities	to	the		consumer.	
All	of	these	thousands	of		different	types	of	machines	
and	 implements	 that	 keep	 the	 	agricultural	 industry	
going	rely	on	a	complex	support	system	that	designs,	
produces,	 installs,	 maintains,	 and	 repairs	 them.	
Agriculture	 has	 become	highly	 	mechanized	 in	 all	 of	
the	developed	countries	of	the	world.	In		undeveloped	
countries,	many	engineers,	 teachers,	 and	 	technicians	
have	sought	simple,	tough,	and	reliable	small	machines	
to	 improve	 agriculture.	 In	 such	 	countries,	America’s	
highly	developed,	 complex,	 computerized,	 expensive	
machinery	will	not	do,	in	part	because	these		countries	
lack	 people	 trained	 for	 the	 variety	 of	 agricultural	
mechanics	jobs	that	are	needed	to	support	agriculture	
in	the	United	States.

Many	 features,	 such	as	 rubber	 tires,	have	been	
standard	 equipment	 on	 American	 farms	 since	 the	
1930s.	Yet	a	machine	with	rubber	tires	is	useless	if	a	
tire	gets	damaged	and	repair	services	are	not	avail-
able.	This	is	the	case	in	most	undeveloped	countries	
in	 Central	 and	 South	 America,	 Asia,	 and	 Africa.	
Much	of	the	world	cannot	compete	with	American	
agriculture	 because	 the	 related	 agricultural	 prod-
ucts	and	services	are	not	available	to	support	farm	
workers.

The	 efficiency	 of	 American	 agriculture	 will	
increase	in	the	future	as	computer-controlled	machines	
and	 robotics	 play	 an	 important	 part.	 It	 is	 exciting	 to	
envision	the	changes	in	store	for	agricultural	mechani-
zation	in	the	twenty-first	century.

Figure 1-10 John Deere invented a plow that could cut through 
the heavy sod of the Midwest.
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Figure 1-11 Heavy, bulky steam engines began to replace 
animals as a power source in the 1800s. This antique tractor has 
been restored.
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8 SECtion 1 • Exploring Careers in Agricultural Mechanics

Student activities
1.	 Define	the	Terms	to	Know	in	this	unit.
2.	 Interview	a	cooperative	extension	specialist	for	agricultural	resources	in	your	county	or	city.	Ask	the	

specialist	to	describe	the	different	agricultural	or	agriculturally	related	jobs	that	people	do	in	your	
locality.

3.	 Look	up	“inventors”	or	“inventions”	in	an	encyclopedia.	Pick	out	the	inventions	that	relate	to	agriculture,	
and	report	your	findings	to	the	class.

4.	 Select	three	or	five	classmates	to	join	you	in	a	debate	on	the	role	of	agriculture	in	society.	One	team	should	
support	the	position	that	agriculture	is	the	backbone	of	society.	The	opposing	team	should	support	the	
notion	that	it	is	not.

5.	 Consider	an	everyday	product	such	as	bread,	milk,	leather	gloves,	or	a	corsage	for	Mother’s	Day.	Trace	the	
production,	processing,	and	marketing	of	the	item	from	its	source	to	its	sale	as	a	finished	product.	List	
points	along	the	way	where	agricultural	mechanics	is	involved.

relevant Web Sites

About.com’s	web	page	on	Inventors,	Agriculture,	and	Farm	Innovations		
http://inventors.about.com/library/inventors/blfarm.htm

Delaware	Agricultural	Museum	&	Village		
www.agriculturalmuseum.org

National	FFA	Online,	Teacher’s	Workroom		
http://web.missouri.edu/~schumacherl/natcon.html

Online	Encyclopedia	Britannica		
www.britannica.com

SUMMary
Agricultural	 mechanics	 has	 been	 fundamental	 to	 the	 development	 of	 the	 agricul-
tural	industry	in	this	country.	Much	of	the	tremendous	increase	in	the	efficiency	of	the	
American	 producers	 is	 due	 to	 innovations	 in	mechanics.	The	wiring	 of	 buildings	 to		
supply	power,	 the	repairing	of	engines	and	equipment,	 the	 laying	of	pipes	 for	water	
supplies,	and	constructing	buildings	are	only	a	 few	examples	of	mechanics	 in	agri-
culture.	As	further	advances	are	made,	the	role	of	mechanics	in	agriculture	will	be	as	
prominent	in	the	future	as	it	has	been	in	the	past.
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9Unit 1 • Mechanics in the World of Agriculture

	 9.	Mechanization	of	agriculture	has	resulted	in
a.	 decreased	soil	production
b.	 decreased	farm	expenses
c.	 increased	production	efficiency
d.	 increased	numbers	of	farm	workers

	10.	Cyrus	McCormick	invented	the
a.	 steel	plow
b.	 cotton	gin
c.	 milking	machine
d.	 reaper

B. Matching.	Match	the	items	in	column	I	with	
those	in	column	II.

Column	I
	 1.	 efficiency
	 2.	 agricultural	mechanics
	 3.	 Thomas	Jefferson
	 4.	 loose	seeds
	 5.	 John	Deere
	 6.	 steam	engines
	 7.	 Eli	Whitney
	 8.	 mechanic
	 9.	 technician
	10.	 trade

Column	II
	 a.	 	 	one	who	is	specifically	trained	to	perform	

tasks	having	to	do	with	a	machine,	a	mecha-
nism,	or	machinery

	 b.	 	 the	iron	plow
	 c.	 	 	the	selection,	operation,	maintenance,	

servicing,	selling,	and	use	of	power	units,	
machinery,	equipment	structures,	and		
utilities	used	in	agriculture

	 d.	 	 	the	ability	to	produce	with	minimum	waste	
of	time,	energy,	and	materials

	 e.	 	 Sea	Island	cotton
	 f.	 	 heavy	and	cumbersome
	 g.	 	 	specific	kinds	of	work	or	business,	especially	

those	that	require	skilled	mechanical		
work

	 h.	 	 the	cotton	gin
	 i.	 	 a	mechanic	who	uses	high	technology
	 j.	 	 the	steel	plow

Self-Evaluation
A. Multiple Choice.	Select	the	best	answer.

	 1.	The	production	of	plants	and	animals	and	the	
provision	and	management	of	related	supplies,	
services,	mechanics,	products,	processing,	and	
marketing	defines
a.	 horticulture
b.	 renewable	natural	resources
c.	 agricultural	mechanics
d.	 agriculture

	 2.	Agriscience	is
a.	 the	same	as	agricultural	mechanics
b.	 limited	to	the	sale	of	agricultural		

products
c.	 business	stemming	from	agriculture
d.	 the	science	that	is	behind	agricultural	

production
	 3.	Examples	of	renewable	natural	resources	are

a.	 oil,	gas,	and	coal
b.	 fish,	trees,	and	wildlife
c.	 rubber,	steel,	and	water
d.	 air,	soil,	and	minerals

	 4.	Over	the	past	230	years,	the	number	of	
American	farms	has
a.	 decreased
b.	 increased
c.	 remained	about	the	same
d.	not	been	measured

	 5.	Agricultural	mechanics	stems	mostly	from
a.	 physics
b.	 biology
c.	 medicine
d.	horticulture

	 6.	Agricultural	products	come	from
a.	 soil	and	coal
b.	 plants	and	animals
c.	 iron	ore	and	aluminum
d.	 atomic	fuel

	 7.	Products	of	agriculture	include
a.	 leather	seat	covers
b.	 paint
c.	 flower	arrangements
d.	 all	of	these

	 8.	Agricultural	mechanics	includes	the		
occupation	of
a.	 garden	tractor	repairperson
b.	 automobile	mechanic
c.	 pile	driver
d.	 systems	analyst
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